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Preface

Cancer is the second leading cause of death in the United States for adults.
While everyone diagnosed with cancer reacts differently, the diagnosis is
often associated with fear, anger, hopelessness, and a range of other emotions.
The American Cancer Society states that as many as one third of cancer
deaths in the United States could be prevented if Americans consumed a diet
rich in plants and maintained a healthy body weight.! Scientific evidence has
shown consumption of a diet that consists mostly of plant-based foods such as
vegetables, fruits, whole grains, and legumes together with restricting intake
of saturated and trans fats and added sugars, and maintaining a body mass
index (BMI) < 25, is associated with a reduced risk for chronic diseases such
as cancer.! Evidence strongly suggests that obesity is associated with an
increased risk for breast, colorectal, endometrial, esophageal, and kidney
cancer; obesity is also linked with cancers of the cervix, gallbladder, ovary,
pancreas, and thyroid; multiple myeloma, Hodgkin’s lymphoma, and aggres-
sive prostate cancer are also associated with excess body fat.! Alcohol con-
sumption is associated with cancers of the mouth, larynx, pharynx, esophagus,
and liver. Smoking is the leading cause of lung cancer, laryngeal and oral cav-
ity and pharyngeal cancers; cancers of the mouth, esophagus, kidney, bladder,
cervix, pancreas, and acute myelogenous leukemia are also linked with
tobacco use.? Inadequate physical activity is strongly associated with the risk
for developing many types of cancer. Sun exposure is another lifestyle habit
influencing the risk for cancer. The World Health Organization (WHO)
expects worldwide cancer rates to continue increasing because of lifestyle
choices, including poor dietary intake and the increasing incidence of over-
weightness, obesity, physical inactivity, and tobacco use.?

The number of cancer survivors in the United States is over 11 million
people; therefore, healthcare clinicians are likely to care for someone with
cancer or who has had cancer. Many cancer survivors become interested in
changing their diets and lifestyle habits after being diagnosed with cancer.
During treatment for cancer, many face a number of challenges, including
trying to consume adequate food or liquid in order to maintain nutrition and
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hydration status. After treatment, some survivors continue to struggle with
intake while others strive to improve their diets to promote recovery and pre-
vent cancer recurrence.

Because of the significant relationship between lifestyle and cancer, it is
imperative for healthcare providers to serve as knowledgeable resources. This
book is written by a variety of clinicians who not only care for cancer sur-
vivors and their caregivers but are also experts in the field of nutritional
oncology. The goal of this text is to provide all clinicians interacting with can-
cer survivors with information to help their patients make informed choices
and improve long-term outcomes. The chapters provide nutritional manage-
ment recommendations for care prior to, during, and after treatment. Given
the prevalence of widely available misinformation regarding nutrition and can-
cer, this text also serves as a reliable and accurate resource. Our hope is that
the information provided by this text will assist all clinicians caring for cancer
survivors to promote not only survivorship but also optimal quality of life.

Mary Marian and Susan Roberts
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Foreword

Recent advantages in the recognition and treatment of many malignancies
have allowed the development of effective and curative treatments for numer-
ous patients with cancer. More than ever, patients who were diagnosed with
cancer can say they have been cured. The mainstay of treatment involves
chemotherapy, radiation, and surgery. Typically, these treatment modalities
impair a patient’s capacity to maintain adequate nutrition.

Chemotherapy utilized to eliminate cancer cells takes advantage of the
growth preferential of malignant cells over normal cells. This implies, how-
ever, that normal healthy cells are also going to be affected by these therapies.
Abnormalities of the mucosal lining or gastrointestinal tract are a major prob-
lem in the delivery of effective chemotherapy and radiotherapy. This results in
significant mucositis, esophagitis, gastritis, and enteritis, with the end result
of nausea, vomiting, abdominal pain, diarrhea, and often malabsorption.

Maintaining adequate nutrition during treatment for cancer is often a
major ordeal. Treating physicians may have difficulty completing or keeping
a patient on schedule due to the known side effects of the treatment. Also, it
is not uncommon for cancer therapies to severely impair a patient’s nutri-
tional status.

In this book, leading experts in the field of cancer and nutrition provide
insight into the challenges associated with the evaluation and maintenance
of cancer patients’ nutritional status. It is certainly a welcome asset to all
health professionals who treat patients with cancer.

Luis Pifieiro, MD, FACP

Hematopoietic Stem Cell Transplant Program
Director of Marrow and Apheresis Laboratory
Baylor University Medical Center

Sammons Cancer Center

Dallas, TX
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Introduction to the
Nutritional Management
of Oncology Patients

Mary Marian, MS, RD, CSO
Susan Roberts, MS, RD, LD, CNSD

INTRODUCTION

Although the precise number of new cases of cancer that occur each year is
unknown, the incidence in the United States was greater than 1.4 million
cases in 2007." This number does not include diagnoses of carcinoma in situ
(with the exception of urinary cancer), nor does it include basal and squa-
mous cell cancers of the skin.? Cancer is the cause of death in approximately
23% of deaths each year in the United States? and is currently estimated to
be the leading cause of mortality for American adults younger than the age of
85. The current lifetime risk for Americans is estimated as one in three
among women and one in two among men.> Table 1.1 shows the estimated
number of deaths by cancer site and by gender in the United States in 2008.

The lifetime probability of developing cancer is greater for men (46%)
than for women (38%), although many young women are diagnosed with
breast cancer, thereby placing women at a higher risk of developing cancer
before the age of 60.! While cancer rates differ greatly throughout the world,
rates are projected to more than double by the year 2030. Projected
increases are due to several factors:

® Growth of the worldwide population

e Aging of the population

® Improved screening, detection, and treatments, resulting in higher sur-
vival rates

® Projected increases in tobacco use

¢ Increases in the number of individuals with HIV/AIDS in some countries?
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Table 1.1 Estimated Cancer Deaths in the United States, 2008

Men Women

Lung and bronchus 31% Lung and bronchus 26%
Prostate 10% Breast 15%
Colon and rectum 8% Colon and rectum 9%
Pancreas 6% Pancreas 6%
Liver, intrahepatic, and bile ducts 4% Ovary 6%
Leukemia 4% Non-Hodgkin’s lymphoma 3%
Esophagus 4% Leukemia 3%
Urinary bladder 3% Uterine corpus 3%
Non-Hodgkin’s lymphoma 3% Liver, intrahepatic, and bile ducts 2%
Kidney and renal 3% Brain/other nervous system 2%
All other sites 24% All other sites 25%

Source: Data from American Cancer Society, www.cancer.org.

Worldwide, the most commonly diagnosed cancers (excluding skin cancers)
are lung, breast, and colorectal cancers, with lung cancer being the primary
cancer cause of death.® In developed countries, hormonal-related cancers are
the most prevalent types of cancer; in underdeveloped areas, the most common
cancers are those arising from infectious agents. In men, prostate cancer is the
most common type of cancer in high-income countries, followed by lung, stom-
ach, and colorectal cancers. In men in underdeveloped countries, lung cancer
prevalence exceeds esophageal, stomach, and liver cancer prevalence. In
women residing in developed countries, breast cancer is the most commonly
diagnosed cancer, followed by lung, colorectal, and endometrial cancers. In
underdeveloped countries, breast cancer is also the most prevalent cancer
diagnosed in women, followed by lung, stomach, and cervical cancers.?

This chapter provides an overview of how cancer and oncological thera-
pies affect individuals’ nutritional status. A brief introduction to nutrition
intervention is also given.

Cancer Development

Cancer is actually a cluster of more than 100 diseases that arise due to
uncontrolled cellular growth. Normal cellular growth and differentiation are
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controlled by a myriad of complex systems, which involve a number of phys-
iologic functions such as cell signaling and gene expression that influence
cellular development and communication, as well as cell death. The devel-
opment of cancer is a multistep process that occurs in three stages: initiation,
promotion, and progression.

Initiation is the first step in the development of precancerous cells. In
this stage, the cell has been exposed to stress, such as oxidative stress, or to
endogenous or exogenous carcinogens; precancerous cells form when the
cell undergoes such exposure and either fails to repair itself or fails to die.
Subsequently, the cell forms DNA adducts (intermediates formed during
phase I metabolism in the liver that may be carcinogenic and bind to DNA),
which in turn distort the DNA, disrupting its replication and possibly its
translation.? Carcinogenic activation can occur through the interaction
between dietary and/or environmental components and the enzymes
involved in the detoxification phase of metabolism, where phase Il enzymes
are responsible for producing by-products that can be excreted in the bile or
urine. Any of the enzymes that participate in phase I and Il metabolism rep-
resent potential targets for carcinogenesis, which can be either promoted or
prevented during the initiation phase. Initiation alone is not enough for a
cell to become cancerous; the cell must then go through the promotion
stage. However, the more precancerous cells that are initiated, the greater
the risk for developing cancer.

During stage 2, the initiated cancer cell is further stimulated through cell
signaling, which allows for cellular replication and growth leading to excess
DNA damage that is beyond the capacity of the cell to repair the damage. This
process, called cellular proliferation or promotion, is critical in the carcino-
genesis process. As the expression of cellular receptors for growth factors
increases, intracellular exposure of such growth factors also increases, such
that division and growth of the abnormal cell are perpetuated. Further damage
to the cell results in alterations in gene expression and cellular proliferation.
Clusters of abnormal cells develop, subsequently resulting in tumor forma-
tion. Consequently tumor types can be characterized by specific genetic
lesions that develop during each step of the carcinogenesis pathway. Never-
theless, there may be significant individual variability in the sequence of
genetic lesions or in the quantity of clusters “required” to develop a tumor.

During the promotion stage, precancerous lesions (versus precancerous
cells associated with initiation) can usually be detected, although the
degree to which a given precancerous lesion evolves into a cancer is not
always known. In the final stage, known as progression, the cluster of abnor-
mal cells (i.e., the tumor) may grow into a larger lesion and/or translocate
into other areas of the body, resulting in metastasis of cancer cells to other
parts of the body.
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An understanding of cancer biology is important to understand the impact
of diet and other lifestyle components on cancer. An in-depth discussion of
this topic is beyond the scope of this chapter, however.

Causes of Cancer

A number of exogenous factors are known to cause cancer, including the
following:?

* Tobacco use

e Infectious agents (e.g., bacteria, parasites, viruses)
* Medications

e Radiation

e Chemical exposure (e.g., polychlorinated biphenyls, organic compounds
used in plastics, paints, adhesives)

e Carcinogenic components found in foods and beverages (e.g., aflatoxins,
heterocyclic amines, polycyclic aromatics hydrocarbons, N-nitroso
compounds)

Endogenous causes of cancer include inherited germ-line mutations,
oxidative stress, inflammation, and hormones. Most cancer experts believe
that the majority of cancers are not inherited, but rather arise from alter-
ations in gene expression that promote changes in DNA; over many years,
these mutations develop into cancerous tumors. Many nutrients have been
shown to influence cell-cycle progression and proliferation.? For example,
vitamin A can result in cell-cycle arrest. Likewise, retinoids can inhibit cel-
lular proliferation of initiated cells by inducing apoptosis or inducing differ-
entiation of abnormal cells back to normal.* Conversely, heme iron has been
found to promote cellular proliferation of colonocytes.®

Because both exogenous and endogenous factors promote the initiation
and progression of cancer, it is often difficult to determine the precise etiol-
ogy of specific cancers. Many of these factors interact with one another, as
modifiers or precursors, potentially resulting in either an increase or a
decrease in cancer risk.

In addition to single nutrients’ effects on cellular functions, energy intake
and physical activity have been noted to alter pathophysiology. In animal
studies, energy restriction has been found to prevent cancer to a significant
extent.”” Suppression of tumor development in mice and an increase in life-
span in rodents have been observed with energy restriction.® Energy restric-
tion results in reduced circulating levels of insulin-like growth factor 1
(IGF-1) and insulin, both of which serve as growth factors for many cancer
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cells. Other inflammatory markers also decline with energy restriction. To
date, these observations have not been confirmed in human studies, and fur-
ther research is needed to explore the specific mechanistic effects in
humans. Physical activity (PA) has been found to improve insulin sensitivity
and reduce insulin levels.® Additionally, PA decreases serum estrogen and
androgen levels in both premenopausal and postmenopausal women, thereby
potentially providing a protective effect against hormone-related cancers.

Lifestyle Factors

Historically, as populations have evolved from a primarily agricultural soci-
ety to an urbanized culture, the quality of foods and beverages consumed has
changed rapidly—as have their impact on the risk for disease. Since the sec-
ond half of the twentieth century, more and more evidence has accrued show-
ing that diet plays a significant role in the development of many of the
primary causes of death in the United States, including heart disease, some
types of cancers, diabetes, stroke, and kidney disease. Although cessation of
tobacco use is the most critical modifiable risk factor in preventing cancer,
body weight, diet, and PA are thought to play prominent roles in both the pri-
mary and tertiary prevention of breast, colorectal, ovarian, endometrial, and
prostate cancers.’

Paralleling the change in dietary habits that tends to accompany economic
development and urbanization, profound changes in PA patterns have also
occurred with industrialization: Populations have become extremely seden-
tary as urbanization and technologic advancements have been integrated into
societies. PA is thought to play a key role in the development of chronic dis-
ease and some types of cancers. Strong evidence suggests that increased lev-
els of PA reduce the risk for colorectal and breast cancers.” Evidence is also
accruing that regular PA is beneficial for reducing risk for cancer in cancer
survivors.'*-*?

These subsequent lifestyle changes have resulted in another problem that
is becoming a global epidemic—namely, obesity. Since the 1980s, the num-
ber of people worldwide who have become overweight or obese has skyrock-
eted. In the United States, more than 66% of the population is considered
overweight or obese. In the United Kingdom, 65% of men and 56% of women
are overweight, and 22% of men and 23% of women are obese. In China,
more than 20% of the population is considered overweight in some cities,
while the number of people considered obese has increased to 7% of the
population. Although the latter rate is considered low in comparison to the
obesity rates observed in other countries, it represents a tripling in obesity
from 1992 to 2006.> Obesity is projected to continue increasing within the
worldwide population.
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Body Composition

In addition to diet and PA, the supporting evidence that the presence of
excess body fat increases the risk for developing certain types of cancers
is convincing.? As previously described, the number of overweight and
obese individuals worldwide is increasing at an alarming rate. Excess
body weight—and particularly excess body fat—increases the risk not
only for certain cancers, but also for heart disease, stroke, type 1l dia-
betes, hypertension, and many other medical conditions. Given the preva-
lence of overweight and obesity, both conditions are likely to have a
significant impact on the incidence of obesity-related cancers in years to
come as the number of individuals with excess body weight and fat contin-
ues to increase.

In their recent systemic review of the literature, Renehan and colleagues'
found that a higher body mass index (BMI) is associated with an increased
risk for the following cancers: thyroid, renal, colon, adenocarcinoma of the
esophagus, multiple myeloma, leukemia, and non-Hodgkin’s lymphoma.
Rectal and malignant melanoma cancers are increased in men with a higher
BMI, while incidence of cancers of the gallbladder, pancreas, endometrium,
and breast (postmenopausal women) is greater in women with a higher BMI.
Obesity is also associated with a poorer prognosis in cases of breast, colon,
prostate, endometrial, and ovarian cancers.'

Although the precise mechanisms of how excess body weight increases
the risk for cancer are poorly understood, potential mechanisms that have
been cited include changes in circulating endogenous hormones such as
insulin, insulin-like growth factors, and sex steroids, as well as changes in
the metabolism of adipokines, localized inflammation, oxidative stress,
altered immune response, hypertension, and lipid peroxidation.'* Much
speculation surrounds the insulin—cancer hypothesis in particular:
Chronic hyperinsulinemia is known to reduce circulating levels of
insulin-like growth hormone (IGF) binding protein 1 and IGF-binding
protein 2, thereby increasing the availability of IGF, which in turn pro-
motes an environment that favors tumor formation. Adiponectin, which is
primarily secreted by adipocytes, is the most abundant circulating
adipokine. Its secretion is inversely correlated with BMI; women typically
have greater concentrations of adiponectin than men. The benefits of
greater adiponectin concentrations lie in its anti-inflammatory, antioxi-
dant, antiangiogenic, and insulin-sensitizing properties. Although some
studies have mnoted inverse correlations between cancer risk and
adiponectin levels,'> ' further research is needed to delineate this rela-
tionship given the early stages of these observations.
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Cancer and Nutritional Status

The continuum of cancer survival includes treatment and recovery as well as
living with advanced cancer. Each stage is associated with different needs
and challenges for the patient, caregivers, and clinicians. Both cancer and
the oncological therapies utilized for its treatment can have profound effects
on an individual’s nutritional status, thereby making nutrition an important
component of medical care. Malnutrition is characterized by a variety of
clinical symptoms, including weight loss, poor wound healing, electrolyte
and fluid imbalances, depressed immune function, and increased morbidity
and mortality.

Although all patients with cancer are at nutritional risk, not all patients
with cancer become malnourished. Therefore, nutrition screening and the
nutrition care process—including nutrition assessment, ongoing monitor-
ing, and follow-up—are crucial for preventing or minimizing the develop-
ment of malnutrition at all stages of treatment. This plan of care allows for
the implementation of the appropriate intervention to target problem areas
as warranted. Long-term follow-up upon completion of therapy is also rec-
ommended, as nutrition-impact symptoms may be experienced even as long
as 12 months following commencement of therapy and have been associated
with reductions in quality of life."”

Cancer and Malnutrition

One of the most significant nutritional issues that can arise during cancer
treatment is malnutrition. Malnutrition may result from the disease process,
from the use of antineoplastic therapy, or from both. Side effects related to
common oncological therapies, including chemotherapy, radiation, immu-
notherapy, and surgery, are key contributors in promoting a deterioration
in nutritional status. Additionally, deteriorations in nutritional status have
been found to predict outcome prior to the initiation of therapy. Dewys and
colleagues found that as little as a 6% weight loss predicted response to ther-
apy.® These researchers also noted that overall survival rates, performance
status, productivity, and quality of life declined concurrently with weight loss
in cancer patients. Of note, approximately 80% of the study patients pre-
sented with weight loss before being diagnosed with cancer.

Malnutrition also has a detrimental effect on quality of life. Patients with
cancer cachexia reported that alterations in body image negatively affected
their self-esteem, relationships, spirituality, physical activity, and social
functioning.®
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Cancer Cachexia

Cancer cachexia is a multifactorial syndrome that encompasses a spectrum
ranging from early weight loss to significant deteriorations in body fat and
lean muscle tissue resulting in death. The term “cachexia” is derived from
the Greek words kakos, meaning “bad,” and hexis, meaning “condition.”
Although no precise definition has been established for cancer cachexia,
also known as cancer anorexia—cachexia syndrome (CACS), cachexia is
manifested by weight loss and loss of lean body mass. The wasting exhibited
by people with cancer and some other conditions (such as cardiac cachexia
and chronic obstructive pulmonary disease) is significantly different from
that seen in patients with simple starvation: The former individuals experi-
ence profound weight loss and loss of lean tissue mass, whereas in persons
with starvation lean body mass is generally preserved until the late stages of
starvation. Reportedly, 50% of patients with cancer lose some body weight,
with one third losing more than 5% of their original body weight and as many
as 20% of cancer deaths resulting from cachexia.?*

Reductions in oral intake alone do not explain why malnutrition often
occurs in people with cancer; indeed, cachexia may occur in patients who
consume apparently sufficient calories.® Moreover, nutrition support does
not successfully restore the loss of lean body mass with CACS.

Mediators of Malnutrition

Although the mechanisms leading to cachexia arise from complex
tumor—host interactions, a number of metabolic abnormalities that result in
catabolism rather than anabolism have been identified. Known factors con-
tributing to the development of CACS include anorexia, early satiety, taste
changes, nausea, diarrhea/constipation, fatigue, and anemia. Cachexia also
results from an imbalance between pro-inflammatory and anti-inflammatory
cytokines. Pro-inflammatory cytokines, including tumor necrosis factor
(TNF), interleukins 1 and 6 (IL-1 and IL-6), and interferon gamma (IFN-y),
are thought to be the primary mediators associated with the development of
CACS.” Cytokines are glycoproteins and cell signaling proteins secreted by
a wide variety of hematopoietic and non-hematopoietic cell types (e.g.,
macrophages, monocytes, lymphocytes, and endothelial and epithelial cells)
in response to malignancy, injury, or infection. These cytokines are thought
to work in concert, rather than individually, in promoting catabolism and
malnutrition.

Figure 1.1 illustrates the array of factors contributing to the development
of malnutrition and cachexia. The infusion of pro-inflammatory cytokines in
animal studies was found to produce anorexia, weight loss, proteolysis and
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lipolysis, and elevations in cortisol and glucagon levels in addition to
increasing energy expenditure.®

Leptin and ghrelin are two hormones that influence appetite and oral
intake. Ghrelin increases appetite, whereas leptin reduces appetite. In can-
cer patients, increases in ghrelin levels and reductions in leptin levels have
not resulted in increases in oral intake.* Downregulation of leptin produc-
tion and expression of leptin receptors in the hypothalamus by tumor necro-
sis factor have been reported, however.? Reductions in gastric production of
ghrelin synthesis by various cytokines have also been noted. While the rela-
tionship between the cytokines, leptin, and ghrelin in regard to CACS
requires further investigation, alterations in neurohormonal balance are
hypothesized to contribute to CACS.**

Another mediator thought to play a role in the development of cancer
cachexia is proteolysis-inducing factor (PIF), a glycoprotein that has been
isolated from the urine of weight-losing cancer patients. Interestingly, PIF
has not been found in persons losing weight from other causes.? Addition-
ally, several neurotransmitter systems within the hypothalamus are thought
to contribute to the development of CACS. For example, increases in sero-
tonin result in the activation of melanocortin neurons, which are thought to
cause anorexia, although their precise role requires further study.>

Changes in energy, carbohydrate, protein, and lipid metabolism have also
been cited as causes of weight loss in patients with cancer. Alterations in
carbohydrate metabolism have been noted in patients with CACS, including
both glucose intolerance and insulin resistance, although this effect varies
with the type of cancer.? Glucose intolerance has been noted to increase with
increases in tumor burden, leading to increasing insulin resistance and
weight loss.® Increases in glucose utilization combined with the energy
demands of the tumor may subsequently increase the patient’s energy needs,
leading to depletion of protein and fat stores in the face of anorexia and other
factors that suppress oral intake.

Increased glucose utilization by both the host and the tumor results in
increased lactate production. In the Cori cycle, glucose released by periph-
eral tissues is metabolized to lactate; in the liver, lactate is synthesized back
to glucose. In patients with advanced cancer, an increased rate of the Cori
cycle has been observed.? Gluconeogenesis from lactate is a very energy-
inefficient process that requires an increased number of adenosine triphos-
phate (ATP) molecules to complete the cycle. Ultimately, this futile cycle
increases energy needs further, thereby contributing to weight loss.
Enhanced glucose consumption and elevated lactate levels are strongly neg-
atively correlated with patient outcome.?* Mitochondrial defects have also
been reported to increase glycolysis.® Lastly, increases in glucose utilization
are thought to be necessary for cancer progression.
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Similar to alterations in glucose metabolism, abnormalities in lipid metab-
olism are thought to contribute to weight loss in patients with cancer. Body
fat is lost when lipolysis and fatty acid oxidation increase and lipogenesis
decreases. In noncancer states, infusions of glucose generally suppress lipol-
ysis; in some cancer patients, this process is diminished.* Furthermore, the
reduction in lipogenesis is thought to reflect the influence of the cytokines.
Lipid-mobilizing factor, which is produced by both the tumor and adipose
tissue, induces lipolysis by promoting an increased in cyclic adenosine
monophosphate production.®® Of interest, lipid-mobilizing factor has been
found in the serum of patients with CACS but not in healthy individuals.
Levels of this factor have also been noted to parallel the degree of weight loss
experienced.® * Other alterations in cellular metabolism related to lipid
metabolism have also been reported, such as overexpression of the enzymes
fatty acid synthase and choline kinase.

Tumor type and stage of disease also affect the nutritional status of cancer
patients, with more advanced stages being associated with greater incidence
of malnutrition. The heterogeneity of the population with CACS demon-
strates that tumor phenotype and host response likely play key roles in the
development of cachexia, as patients with similar cancer type and disease
stage may vary significantly in terms of developing malnutrition. For exam-
ple, patients with gastric, esophageal, head/neck, and pancreatic cancers
develop malnutrition to a greater degree than do individuals with breast can-
cer and hematologic malignancies.” Patients with colon, prostate, lung and
unfavorable non-Hodgkin’s lymphoma often experience moderate weight loss
(48-61%). Not surprisingly, people with advanced cancer experience the
greatest degree of malnutrition.” Interestingly, weight gain following diagno-
sis and treatment has been associated with reduced survival in patients with
breast cancer.®

Classification of cachexia as primary or secondary is important, as the
treatment can differ depending on the type. The etiology of primary cachexia
is not well understood and the condition is difficult to treat due the complex
nature of CACS. By comparison, the causes of secondary cachexia (a func-
tional inability to achieve an adequate intake) may be more amenable to
treatment. Secondary cachexia often develops as a result of mechanical fac-
tors (e.g., obstruction) or related to the side effects of the various treatment
modalities.

Although ameliorating the factors influencing the inability to consume
adequate nutrition is critical for the prevention and treatment of malnutri-
tion, curing the underlying cancer is the only intervention known to be
successful in reversing true CACS. Pharmacologic management of cancer-
associated symptoms may also be successfully employed to maintain or
improve nutritional status (e.g., Megace, steroids). The bottom line is that the



m Chapter 1 Nutritional Management of Oncology Patients

preservation of nutritional status can prevent or at least delay the onset of
CACS for many patients.

Oncological Treatment Modalities and Malnutrition

Oncological treatment modalities (e.g., chemotherapy, radiation, surgery) can
have a profound impact on oral intake, leading to poor nutritional status and
malnutrition (see Table 1.2).

Alterations in gastrointestinal absorptive area due to surgical procedures can
induce malnutrition secondary to reductions in nutrient absorption or increased
metabolic demands for postoperative healing concurrent with inadequate nutri-
tion intake or nutrition support. Chemotherapy can produce a multitude of prob-
lems, including mucositis, taste changes, early satiety, diarrhea, constipation,
anorexia, nausea, and emesis—all of which can have a profound impact on
nutritional intake. Radiation therapy resulting in esophageal stricture, reflux,
gastritis, radiation enteritis, xerostomia, dysphagia, odynophagia, diarrhea, and
enteritis can also promote deteriorations in nutritional status. The presence of
such treatment impact symptoms should be aggressively treated. Table 1.3

Table 1.2 Antineoplastic Therapies That May Impact Nutritional Status

Treatment Potential Nuiritional Impact

Surgery Increased nutrient needs for recovery and
wound healing, malabsorption, early satiety,
dehydration, abdominal cramping, diarrhea,
bloating/gas, fluid/electrolyte imbalance,
lactose intolerance, hyperglycemia

Chemotherapy

Cytotoxic Nausea, vomiting, anorexia, diarrhea,
immunosuppression, fatigue, mucositis,
peripheral neuropathy, dysgeusia, heightened
sensitivity to tastes, metallic taste

Hormonal (glucocorticoids, Hyperglycemia, edema, osteoporosis, nausea,

anti-androgens/estrogens, vomiting, bone pain, hot flashes,

gonadotropin-releasing hormone analog)  hypercalcemia

Immunotherapy (interleukins, Anorexia, nausea, vomiting, diarrhea, fatigue,
interferon alfa, monoclonal antibodies) immunosuppression
Radiation Thorax area: anorexia, dysphagia, esophagitis,

heartburn, early satiety, fatigue
Abdomen/pelvic area: nausea, vomiting,
diarrhea, abdominal cramping/bloating/gas,
lactose intolerance, malabsorption, chronic
colitis and enteritis
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Table 1.3 Nutritional Strategies for Management of Treatment-

Related Symptoms

Symptom

Etiology

Recommendations

Alterations in taste/
smell, anorexia

Radiation, chemotherapy,
cytokines, oncological
therapy, pain, depression

Small, frequent, nutrient-dense
meals; drinking fluids with
meals; avoid low-calorie filler
foods; increase physical activity;
appetite stimulants

therapies

Constipation, Antineoplastic therapies Low-fat, lactose-free diet;

diarrhea increase soluble fiber intake;
avoid spicy foods; avoid caffeine;
drink plenty of liquids; probiotics

Dysphagia Tumor burden, antineoplastic ~ Thickened, moist, soft or

ground/pureed foods

Early satiety

Antineoplastic therapies

Small, frequent, nutrient-dense
meals; avoid drinking fluids with
meals

therapies

Fatigue Tumor burden, antineoplastic ~ Small, frequent, nutrient-dense
therapies, anemia, meals; physical activity; meal
dehydration, chronic pain, planning/assistance with
medications, stress, shopping/meal preparation;
depression, poor nutrition manage stress and depression

Nausea/vomiting Antineoplastic therapies Small, frequent, low-fat, low-fiber

meals; avoid spicy foods and
caffeine; try not to eat 1-2 hours
before treatment; antiemetics;
hypnosis, acupuncture, music
therapy also effective

Stomatitis, Antineoplastic therapies Soft, nonirritating foods; nutrient-

mucositis dense liquids/nutritional

supplements; Miracle Mouth/
viscous lidocaine swishes;
lemon/glycerine swabs

Weight loss Tumor burden, cytokines, Small, frequent, nutrient-dense
antineoplastic therapies meals; try liquid/powder

nutritional supplements; consume
high-calorie, high-protein foods

Weight gain Antineoplastic therapies, Low-fat diet with lean meats;
edema low-fat dairy products; whole

grains, fruits, and vegetables

Xerostomia Tumor burden, antineoplastic ~ Drink/swallow small amounts of

food at one time; sip water/fluid
after each bite; try sweet or tart
foods, soft/pureed foods; suck on
hard candies; artificial saliva
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outlines strategies that can be employed for managing treatment-related side
effects that impact on nutritional intake.

Nutrition Intervention

Maintenance or improvement in nutrition status is the key goal of medical
nutrition therapy for individuals undergoing treatment for cancer. Although
many patients tolerate therapy well and experience few or no side effects,
malnutrition is still a common entity that affects quality of life and survival
for many persons with cancer. As previously described, many contributing
factors have been implicated in promoting the deterioration in nutrition sta-
tus. To maintain or improve nutritional status, all barriers associated with
oral intake should be aggressively addressed unless aggressive intervention
is not warranted.

Modifications in diet and eating habits may be necessary during treatment
to reduce or eliminate the side effects of therapy. Weight maintenance is
strongly recommended during therapy, with weight gain or loss being recom-
mended based on the individual’s nutritional status. Calorie and protein
requirements may increase during treatment. Although there is no consensus
regarding the optimal calorie and protein requirements for cancer patients,
current guidelines recommend a caloric range of 25-35 kcal/kg/day and
1.0-1.5 g/kg/day protein for preserving or improving nutritional status.*’

Given that many patients with cancer suffer severe alterations in nutritional
intake, specialized nutrition support should be considered not only for improv-
ing and/or maintaining nutritional status, but also for improving quality of life.
For patients undergoing blood or marrow transplantation, nutrition support—
both enteral and parenteral—is life saving. For patients with cancer undergo-
ing major surgical procedures, perioperative nutrition support appears
beneficial for both adequately nourished and malnourished patients. Braga
and colleagues® found that patients with cancer who had experienced a weight
loss of more than 10% in the past 6 months and who consumed 1 liter/day of a
diet enriched with arginine, omega-3 fatty acids (€2-3), and nucleotides both
preoperatively (for 5 days prior to surgery) and postoperatively (administered
via jejunostomy) experienced fewer postoperative complications compared to
the other study groups for whom perioperative nutrition was not provided.

In a separate study, Gianotti et al.* enrolled 305 well-nourished and mal-
nourished patients scheduled to undergo resection of the stomach, pancreas,
or colon. Patients were randomized to 1 of 3 groups: (1) consume 1 liter/day
for 5 days preoperatively of the same immune-enriched diet as used in the
Braga study; (2) receive the study diet preoperatively and postoperatively;
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or (3) receive no nutrition support (this group received only IV fluids post-
operatively until advancement to an oral diet). In comparison to the group
receiving no nutrition support, the preoperative-diet-only group experi-
enced a reduction in septic complications (30% versus 14%; p = 0.009)
and length of stay (14.0 + 7.7 days versus 11.6 + 4.7 days). Complications
and length of stay were also significantly reduced in the perioperative-
diet group.

The authors from both studies note that the preoperative period may be an
important time in which to modify the host response by using an immune-
enhancing diet to maximally stimulate the immune system. In the Gianotti
study,” BMI was also associated with outcomes, as patients with a BMI rang-
ing from 18 to 25 experienced less morbidity; the risk for postoperative com-
plications was found to increase as body weight increased.

Enteral or parenteral nutrition is often indicated for patients with cancer
who are unable to consume adequate oral nutrition or in whom oral intake is
contraindicated. Patients with head and neck cancers commonly require
enteral nutrition via the percutaneous placement of a gastrostomy tube to
prevent significant deteriorations in nutritional status during therapy and
thereafter. Parenteral nutrition is also often indicated in patients with intes-
tinal failure, which frequently results from severe malabsorption or malig-
nant bowel obstructions. For patients with advanced cancers, however, the
initiation of parenteral nutrition can be controversial. Home parenteral nutri-
tion (HPN) support has been associated with long-term survival in select
patients with advanced cancers with acceptable complication rates.** Addi-
tionally, patients with a Karnofsky score greater than 50 reportedly experi-
ence an increase in survival when receiving HPN compared with patients
scoring lower than 50.%

Hoda and colleagues recommend that HPN should be utilized only after
an in-depth clinical assessment is completed on a patient-by-patient basis.*
In general, nutrition support is not indicated for patients who are not
expected to survive for more than three months. In many cases, patients must
also meet the requirements established by insurance companies to obtain
reimbursement for HPN expenses.

Dietary Supplements

Dietary supplements and complementary and alternative therapies are heav-
ily advertised for cancer prevention and immune support. Many cancer sur-
vivors also take dietary supplements, more so than individuals without
cancer.” Many oncological nutrition experts, however, recommend avoiding
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dietary supplements, and particularly ingestion of pharmacologic levels of
antioxidants, during treatment.

Similar to other disease states, whether benefits can be derived from post-
treatment efforts to prevent cancer recurrence is unclear, although some
studies have found an increase in morbidity and mortality with the use of
some supplements.* % Additionally, the use of some herbal supplements has
been associated with a reduction in the levels of chemotherapeutic agents in
the body, which is of great concern given that patients hope to gain the maxi-
mal benefits related to treatment.**" Oral nutritional supplements, by con-
trast, can serve an important role in meeting nutritional needs in the face of
adverse effects such as anorexia, early satiety, and fatigue associated with
cancer. Deterioration of nutritional status not only plays a major role in the
development of the cancer cachexia syndrome, but also leads to alterations
in quality of life.*

Concerns surrounding the influence of nutrition on tumor growth have long
been voiced. For example, women with estrogen receptor-positive breast can-
cers often worry about consumption of soy protein, which is a rich source of
isoflavones. The chemical structure of isoflavones is similar to that of estro-
gen, with isoflavones having the ability to bind to estrogen receptors. Under
experimental conditions, isoflavones have been found to exert estrogen-like
effects.” For this reason, they are commonly classified as selective estrogen-
receptor modulators. Although the consumption of soy products has been
linked with possibly reducing the risk for breast cancer, in some animal and
in vitro studies, the soy isoflavone genistein has been observed to stimulate
the growth of estrogen-sensitive tumors.* Thus, from a public health view-
point, there is a critical need to discern whether the ingestion of soy products
is safe for women with these types of tumors. To date, the results of neither
animal nor clinical studies have allowed definitive conclusions to be made.

In a study investigating the influence of parenteral nutrition on tumor
growth, Pacelli and colleagues recently reported that this type of nutrition
did not stimulate tumor proliferation in malnourished patients with gastric
cancer.” Conversely, when single nutrients have been studied, some have
shown the ability to play a dual role in both cancer prevention and promo-
tion. Folic acid is an example of one such nutrient: It may protect against
cancer initiation, yet also promote the growth of preneoplastic cells. Some
studies have shown that concentrations of serum folate levels are associated
with a reduced risk for breast and colorectal cancer,* particularly in indi-
viduals who consume alcohol.

Other studies have found an increased risk for prostate, breast, and ovarian
cancers related to folic acid intake.** Notably, the rates of colorectal cancer
incidence had been declining in the United States and Canada prior to
the establishment of those countries” mandatory food folic acid fortification
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programs.” Mason and colleagues® reviewed the data sets from the Surveil-
lance, Epidemiology and End Result registry and Canadian Cancer Statistics
and found that incidence rates began to reverse in parallel with the imple-
mentation of the food fortification programs in both countries. In their recent
review of the literature, Smith et al.®® concluded that the evidence is mounting
suggesting that increasing folate levels in some people increases the risk for
cancer. Clearly, further research is needed to determine the precise relation-
ship between folic acid intake and the prevention and promotion of cancer.

SUMMARY

This chapter provided a brief discussion of many of the key elements that
contribute to maintaining or improving the nutritional status of individu-
als with cancer. Cancer is not just a major cause of death—it is also

becoming a chronic illness as more individuals are living with cancer
longer, as they experience intermittent periods of active cancer with
remission. The number of individuals who are cured of cancer is also
increasing. Subsequent chapters of this book provide a more in-depth dis-
cussion of the nutrition care process and medical nutrition therapy for
individuals with many of the different types of cancers as well as nutrition
recommendations for cancer survivors.
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Assessment in Oncology
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INTRODUCTION

It has long been known that patients with cancer who experience weight loss

tolerate treatment poorly.:? Poor nutrition status has also been correlated
with decreased long-term survival in several tumor types** In the 1980s and
1990s, techniques for providing aggressive nutrition support to patients who
were unwilling or unable to eat were used with some enthusiasm. Despite
this trend, outcomes associated with suboptimal nutrition status did not
appear to change, leading to the need to further investigate the role of nutri-
tion and nutrition status in cancer treatment.

There is some indication that the type and amount of nutrition support pro-
vided may have been factors in the lack of improvement in treatment out-
comes. A large multicenter study published in 1991 investigated the use of
preoperative parenteral nutrition (PN) in surgical patients (while the focus
was not intended, the majority of patients had gastrointestinal cancer). Study
participants who were not malnourished had more complications than those
who were malnourished.® There is also some indication that energy provided
was significantly greater than energy requirements, leading to frequent hyper-
glycemic events. Although subsequent research has implicated poor glycemic
control as an etiologic factor for increased postoperative complications,’ the
results have also highlighted the need to identify more accurately those indi-
viduals who might benefit from aggressive nutrition support interventions.

Early attempts at feeding patients with cancer relied on the “more is bet-
ter” premise. Lacking knowledge regarding the metabolic impact of different
tumor types, clinicians thought of the tumor as a “calorie sink” that led to a
significant increase in energy expenditure to prevent wasting in the host.
Prior to the advent of indirect calorimetry, many nutrition protocols provided
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nutrition in the range of 150-175% of estimated nutrient requirements.
While much remains to be learned about the metabolic impact of different
tumor types, it is now known that energy requirements vary greatly depend-
ing on the tumor type and stage. Clinicians responsible for assessing the
nutritional status of patients with cancer must have an understanding of the
potential metabolic impacts of the various tumor types as well as the possible
effects of the various types of oncological therapy.

Nutrition screening is the process that identifies patients who might have
a nutrition problem or who might be at greater risk for experiencing compli-
cations associated with nutrition problems.” Nutrition assessment can be
defined as collecting and analyzing data about the patient/client to deter-
mine whether the individual has a nutrition problem that can be resolved or
ameliorated by a nutrition intervention.? Individuals with cancer often expe-
rience alterations in nutrient intake as well as metabolic abnormalities that
affect both their functional status and their quality of life (QOL). Screening is
the first step in identifying patients who might require nutrition interventions
aimed at improving nutrition status or ameliorating the effects of cancer ther-
apy on nutritional status and QOL. Healthcare professionals caring for
patients with cancer must critically analyze the data collected from the
assessment process, identify nutrition problems, and implement focused
interventions. This chapter defines the nutrition screening and assessment
process and examines the tools available for practical application—that is,
for providing nutrition care in the oncology setting.

The Nutrition Care Process

The American Dietetic Association (ADA) adopted the Nutrition Care
Process (NCP) in 2003 as a framework for dietetics professionals to use to
support critical thinking and decision making in a variety of care settings.’
The NCP consists of four interrelated steps: nutrition assessment, nutrition
diagnosis, nutrition intervention, and nutrition monitoring and evaluation.
Each step is supported by the International Dietetics and Nutrition Termi-
nology (IDNT), which contains terms that describe the work of dietetics asso-
ciated with each step.® The terminology is specific to dietetics practice and
describes the work of the dietetics professional as opposed to another health-
care profession. Although nutrition screening is not considered to be part of
the NCP, accurate, timely screening programs are required to identify those
patients who require nutrition care.

Following is an example of the nutrition care process for neoplastic disease.
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Step One: Nutrition Assessment

MebicaL/SociaL HisTory

® Diagnoses

* Past medical history

e Sensory limitation(s)

® Medications

e Socioeconomic status/food security
® Support systems

¢ Education—primary language/literacy

DIETARY ASSESSMENT

e Ability to chew; use and fit of all dentures

® Problems swallowing/changes in saliva production or saliva consistency
e Taste changes

* Nausea, vomiting

e Constipation/diarrhea/normal stool pattern

e Heartburn

® Any other symptoms interfering with the ability to ingest the patient’s
normal diet

e Ability to consistently purchase adequate amounts of food for daily
consumption

e Ability to feed self, cook and prepare meals

* Food allergies, preferences, and method of preparing meals

® Previous food restrictions

e Ethnic, cultural, and religious influences

e Use of alcohol, vitamin, mineral, herbal, or other type of supplements
e Previous nutrition education or nutrition therapy

e Kating pattern: 24-hour food recall, diet history, food frequency
ANTHROPOMETRIC

e Height (measured, recumbent, knee height, or arm span)
e Current weight

e Weight history: usual body weight, recent weight change
e BMI, IBW, %IBW, UBW, %UBW

e Calculation of upper arm muscle area—will need mid-arm circumfer-
ence and triceps skin fold

® Bioelectrical impedance
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BlocHEMICAL ASSESSMENT

e Serum protein assessment: albumin, prealbumin, retinol-binding pro-
tein

® Hematological assessment: hemoglobin, hematocrit, ferritin, MCYV,

MCHC, MCH, TIBC, platelet count

* White blood cell count, absolute neutrophil count

Step Two: Common Diagnoses

Cancer patients could have any of the following nutritional diagnoses within

the NCP:

e Inadequate oral food/beverage intake
¢ Inadequate fluid intake

¢ Inadequate bioactive substance intake
¢ Inadequate vitamin intake

¢ Hypermetabolism

¢ Increased nutrient needs

e Swallowing difficulty

e Chewing difficulty

e Altered gastrointestinal function

e Altered nutrition-related laboratory values
¢ Food-medication interaction

e Involuntary weight loss

¢ Food, nutrition, nutrition-related knowledge deficit

SampLe PES statement: NI-2.1

Problem: Inadequate oral food/beverage intake

Etiology: Related to mucositis post-radiation

Signs/symptoms: As evidenced by dietary history suggesting intake of
less than 50% of estimated needs

Step Three: Sample Intervention

1. Modify texture and consistency of meals, avoiding extremes in tem-
peratures.

2. Increase nutrient-dense foods and initiate oral high-calorie/protein
supplements.

3. Encourage initiation of pain medications prior to eating and adequate,
appropriate mouth care.
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Step Four: Monitoring and Evaluation

1. The patient will consume 50% of estimated energy and protein needs
within 48 hours of initiating interventions for mucositis.

2. The patient will be able to meet basic fluid requirements within 24
hours of initiating interventions for mucositis.

Nutritional Implications of Cancer

Cancer can have profound effects on nutritional status. A thorough under-
standing of the potential impact of the tumor and oncological therapies on
host metabolism is essential to ensure a positive response to nutrition
interventions. The generic term “cancer” encompasses hundreds of tumor
types, each of which has a specific impact on both metabolism and the
host’s nutrition status. Antineoplastic therapies include surgery, radiation,
and chemotherapy; combination therapy may also be indicated, thus mak-
ing nutrition therapy more complex. For example, a patient who has previ-
ously received radiation therapy might subsequently undergo surgery,
with the potential for more serious complications from surgery due to radi-
ation enteritis.

Appetite changes leading to weight loss frequently occur prior to cancer
diagnosis. In one study, weight loss was strongly associated with decreased
appetite in a group of patients with newly diagnosed lung or gastrointestinal
(GI) cancers, though tumor burden did not correlate with weight loss or
appetite changes.”” A case-control study found that changes in appetite were
strong predictors of pending diagnosis of lung cancer.”? While the mecha-
nisms for appetite changes are not fully known, clinicians must be aware of
the potential for decreased appetite at the time of diagnosis and have treat-
ment strategies at hand.

Metabolic Changes Associated with Cancer

It has long been assumed that all patients diagnosed with cancer experience
significant increases in energy expenditure. More recent research utilizing
indirect calorimetry, however, has revealed that changes in energy expendi-
ture are more varied and do not occur with all tumor types." Energy expendi-
ture can range from 60% to 150% of expected energy expenditure.®
Additionally, some patients with elevated energy requirements are able to
gain weight, although this weight gain tends to consist of increases in body
fat while the person continues to lose lean body mass.”
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Johnson et al.'* evaluated the accuracy of predictive equations frequently
utilized in estimating resting energy expenditure (REE) during cancer-
related weight loss. The study results revealed that weight-loss and weight-
stable patients with cancer had similar REEs when adjusted for fat-free mass
but were different in terms of the acute-phase response (APR). The APR is
believed to be one of many factors that contribute to elevations in the REE in
patients with cancer, which in turn could promote weight loss. In addition,
the commonly used Harris—Benedict equation (HBE) was in poor agreement
with measured REE in both groups and, therefore, was not suitable for REE
prediction in a clinical setting.'

In another study, Bosaeus et al*® examined dietary intake, REE, and
weight loss in 297 adults primarily with gastrointestinal tumors, considering
the relationship between these factors and survival rates. The investigators
reported that 48.5% of patients were hypermetabolic, 50% were normometa-
bolic, and 1.4% were hypometabolic. Because dietary intake did not differ
between normometabolic and hypermetabolic patients, and because neither
tumor type nor gender was related to energy and protein intake, weight loss
could not be solely accounted for by diminished intake.”® These findings sug-
gest that a failure in feedback regulation between dietary intake in relation to
energy expenditure may add to the weight loss experienced by many cancer
patients.'” The wide variability in energy expenditure reported thereby con-
tributes to the challenge of accurately predicting energy requirements in this
patient population.

Cachexia can be broadly defined as “general ill health, malnutrition, and
weight loss, usually associated with chronic disease.”"® More specific defini-
tions of cancer cachexia describe weight loss out of proportion to decreases
in energy intake, which are most likely mediated by pro-inflammatory
cytokines.'” The role of inflammatory cytokines and other factors in the
development of wasting and cachexia has been of interest. Wasting has been
found to correlate with tumor burden and cytokine levels in patients with
colorectal cancer, supporting the concept that cytokines are strongly impli-
cated in the development of cancer cachexia.!

Unlike starvation, the weight loss experienced by patients with cancer
cachexia syndrome cannot be easily reversed solely with increased nutrient
provision.’® In fact, weight loss generally will continue despite increased
administration of nutrients.’ Lymphomas, leukemias, breast cancers, and
soft-tissue sarcoma have some of the lowest frequencies of weight loss, while
more aggressive lymphomas, colon, prostate, and lung cancers are associated
with an approximately 50% incidence of weight loss.' The highest incidence
and severity is seen in pancreatic and gastric cancer, wherein approximately
85% of patients experience cachexia.'® The potential consequences of cancer
cachexia are outlined in the Table 2.1.%°
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Table 2.1 Potential Causes of Unintentional Weight Loss in Cancer Patients

Cause of Weight Loss Nutritional Consequences

Malignancy Obstruction/perforation of GI tract
Intestinal secretory abnormalities
Malabsorption

Intestinal dysmotility

Fluid/electrolyte abnormalities

Anorexia

Altered taste

Learned food aversion

Depression

Altered peripheral hormone metabolism: Leptin, ghrelin

Treatment Chemotherapy, surgery, radiation
Other: opioid-induced constipation, GI tract
abnormalities associated with fungal, viral, or bacterial
infection

Altered metabolism Tumor-induced alterations in energy expenditure
Cori cycling/gluconeogenesis
Nitrogen trap
Altered fat metabolism
Tumor-induced secretion of host mediators
Tumor necrosis factor, interleukin-1, interleukin-6,
proteolysis-inducing factor

Source: Reprinted from Roberts S, Mattox T. Cancer. In: Gottschlich MM, ed. The A.S.P.E.N. Nuirition
Support Core Curriculum: A Case-Based Approach—The Adult Patient. Silver Spring, MD: American
Society for Parenteral and Enteral Nutrition; 2007:649-675. Used with permission from the American
Society for Parenteral and Enteral Nutrition (A.S.P.E.N.). A.S.P.E.N. does not endorse the use of this
material in any form other than its entirety.

Metabolic Alterations Associated with Cancer Treatment

Single or combination therapies such as surgery, radiation, chemotherapy,
and immunotherapy can produce adverse effects that frequently result in
some degree of GI dysfunction.

Surgery is the oldest form of cancer treatment and is an essential tool to
diagnose and stage cancer.’® More than half of all patients with cancer ulti-
mately have cancer-related surgery.*® Depending on the site and extent of
surgery, the bodys need for calories, protein, and other nutrients may
increase. Malnutrition prior to surgery may prolong recovery owing to poor
wound healing or infectious complications. Patients with certain cancers,
such as cancers of the head, neck, stomach, and bowel, may be malnourished
at diagnosis; therefore, nutrition intervention is often warranted for these
individuals prior to surgery.
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Nutrition-related side effects may also occur as a result of surgery. Surgi-
cal resections and/or excision may result in adverse effects on Gl function,
depending on the tumor site and extent of the surgery. The following nutri-
tion problems may occur as a result of antineoplastic interventions such as
surgery, radiation, chemotherapy, and immunotherapy:

Surgery

 Radical resection of the oropharyngeal area may lead to chewing and
swallowing difficulties.

® Esophagectomy may cause gastric stasis, hypochlorhydria, steatorrhea,
and diarrhea secondary to vagotomy; early satiety and regurgitation may
also result.

e Gastrectomy (partial or total) may cause early satiety, malabsorption,
vitamins D and B, deficiency, hypoglycemia, and dumping syndrome.

e Intestinal resection (jejunum or ileum involvement) can lead to maldiges-
tion and malabsorption.

Radiation

Radiation therapy can affect healthy cells that are near the radiation field,
leading to a number of side effects. Precisely which side effects arise will
depend on the radiation dose, duration, and radiation site. Additionally,
nutrition-related impact symptoms may increase if radiation is given in con-
junction with another oncologic therapy such as chemotherapy. Radiation to
any part of the digestive system is likely to cause nutrition-related side
effects, including the following problems:

e Radiation to the oropharyngeal area may cause anorexia, alterations in
taste and smell, xerostomia, mucositis, odynophagia, dysphagia, fatigue,
osteoradionecrosis, and trismus.

e Radiation to the lower neck and mediastinum can result in esophagitis,
dysphagia, odynophagia, esophageal reflux, nausea, or vomiting. Long-
term side effects include esophageal fibrosis, stenosis, and necrosis;
pulmonary fibrosis, and pneumonitis.

¢ Radiation to the abdomen or pelvis may cause bowel damage (acute or
chronic) accompanied by diarrhea, maldigestion, malabsorption, bloat-
ing, abdominal cramps, gas, obstruction, colitis, stricture, ulcerations,
or fistulization. Additional side effects include nausea, vomiting, lactose
intolerance, hematuria, cystitis, and fatigue.
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Chemotherapy

Cytotoxic drugs halt the growth of cancer cells, either through apoptosis or
through prevention of cellular differentiation and proliferation. Chemother-
apy targets rapidly dividing cells, including those in bone marrow and Gl
tract; as a consequence, the direct effects of cytotoxic agents can produce
nutritional complications. The specific impact of chemotherapy on GI func-
tion depends on the chemotherapy agent used, the dose and route of admin-
istration, and the length of therapy.” The following nutrition-related impact
symptoms are commonly observed:

® Anorexia

* Nausea

e Early satiety

e Alterations in olfactory senses

® Vomiting

e Diarrhea or constipation

® Mucositis, stomatitis, and esophagitis
¢ Xerostomia

® Myelosuppression and infection

Immunotherapy

Immunotherapy (also called biologic therapy or biotherapy) takes advantage
of the patient’s own immune system to fight cancer. Substances made by the
body or synthesized in a laboratory are used to boost or restore the body’s
natural defenses against cancer.? The following nutrition-related side effects
are commonly encountered during immunotherapy:

e Fever

¢ Nausea
* Vomiting
¢ Anorexia
e Asthenia

If left untreated, the symptoms associated with cancer therapy can lead to
weight loss and malnutrition; these problems may then subsequently delay
treatment and recovery, and promote poor wound healing and infectious com-
plications. Nutrition interventions (e.g., oral supplements, enteral or par-
enteral feeding, and modifications in diet consistency) can improve nutrient
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delivery such that antineoplastic regimens are better tolerated and weight
loss is prevented.

Nutrient Requirements

Providing adequate calories is essential to maintain weight and/or prevent
weight loss associated with cancer treatment or disease. While indirect
calorimetry (IDC) remains the gold standard for determining calorie require-
ments, energy needs are frequently estimated because IDC is not generally
available. The following guidelines are recommended for estimating energy
requirements for cancer patients:

e Normometabolic patients: 25-30 kcal/kg/day
e Hypermetabolic or weight gain desired: 30-35 kcal/kg/day*

¢ Obese patients: 21-25 kcal/kg/day (when weight maintenance is the goal;
energy needs may be increased when nutritional status is deteriorating)"

The provision of adequate protein is important to prevent or reduce nega-
tive nitrogen balance and to meet the increased demands for protein synthe-
sis during and following antineoplastic interventions. Guidelines for protein
requirements are as follows:"

® Nonstressed: 1-1.5 g/kg/day

® Hypermetabolism or protein-losing enteropathy conditions: 1.5-2.5 g/
kg/day

Dehydration is prevalent in many cancer patients, especially those who
receive chemotherapy and/or radiation therapy. Chemotherapeutic agents
can damage the Gl mucosa and cause diarrhea. Also, patients undergoing
radiation for head and neck cancer are prone to dehydration owing to their
inability to take adequate oral fluids secondary to xerostomia, mucositis,
dysgeusia, dysphagia, and odynophagia. High-risk patients should be closely
monitored for signs and symptoms of dehydration such as dark, concentrated
urine; decreased urine output, dry mouth, acute weight loss, and fatigue. The
fluid needs of cancer patients are similar to those of other patient popula-
tions without renal disease (30-35 ml./kg/day), although fluid needs may
also be greater in the face of increased fluid losses that may occur as a result
of vomiting, diarrhea, and fistulas."

*More than 35 kcal/kg/day may be required to maintain or promote weight gain in some
situations.
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Deficiencies of vitamins (especially folate, vitamin C, and retinol) and
minerals (magnesium, zinc, copper, and iron) can occur as a result of direct
effects of the tumor, effects of cytokines, infectious processes, maldigestion
and malabsorption, chemotherapy, radiation, or inadequate food intake.?
Although adequate micronutrient intake is considered important, specific
nutritional guidelines for this population have not been established. The use
of a daily multivitamin/mineral supplements with levels not exceeding one to
two times the dietary recommended intake values may be beneficial for most
patients undergoing chemotherapy and/or radiation therapies."

Nutrition Screening

Regulatory agencies including the Joint Commission on Accreditation of
Healthcare Organizations (JCAHO) and the Centers for Medicare and Medi-
caid Services (CMS) require that nutrition screening be performed in all
healthcare settings. Nutrition screening refers to the initial clinical evalua-
tion that is used to identify patients at high risk for malnutrition.’ Nutrition
screening programs should be designed to rapidly and accurately identify
those patients who might need a more comprehensive nutrition assessment.
Commonly used screening parameters include height, weight, weight change,
and change in ability to eat.

Table 2.2 describes the qualities associated with a well-designed nutrition
risk screening program. While accurate nutrition screening is a vital support
to the NCP, it is not considered part of the NCP because the screen can be
conducted by any healthcare professional.

Healthcare clinicians responsible for developing nutrition screening pro-
grams should evaluate currently available screening tools before creating
new tools. Currently available nutrition screening tools that may be used in a
variety of care settings include the Malnutrition Screening Tool (MST), the
Malnutrition Universal Screening Tool (MUST), and the Nutrition Risk

Table 2.2 Qualities Associated with a Well-Designed Nuirition

Screening Program

¢ Rapid

e Can be conducted by any healthcare professional

¢ Has acceptable sensitivity, specificity, and positive/negative predictive value
e Cost-effective

e Poses little risk to the person being screened
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Screen (NRS). MST is an example of a short screening tool and has been val-
idated in both inpatient and outpatient settings.'* MUST also consists of a
score derived from three items, but it has been found to have a low sensitivity
and specificity in oncology patients.'® Table 2.3 provides a brief description
of these screening tools.

Nutrition Assessment

Nutrition assessment can be defined as a method of identifying and evaluating
data needed to make decisions about a nutrition-related problem/diagnosis.
Nutrition assessment is the first step of the NCP and involves the collection
and analysis of data that identify potential nutrition problems. Individuals who
have a “positive” screening result should be referred to a registered dietitian
(RD) for a comprehensive nutrition assessment. Data gathered in the nutrition
assessment are generally clustered into the following groups:

e Nutrition history
e Medical tests, labs, and procedures

e Client history

Table 2.3 Nutrition Screening Tools

Tool Characteristics Comments

Malnutrition Screening 3 items: weight, percentage Validated in oncology patients
Tool (MST) weight loss, appetite

Malnutrition Universal 3 items: body mass index, Low sensitivity and specificity

Screening Tool (MUST)  percentage weight loss, acute in oncology patients
disease effect

Nutrition Risk Index Equation: NRI = 1.519
(NRI) (serum albumin; g/dL) + 41.7
(current weight/usual weight)

Mini Nutritional 18 items: Validated in the elderly
Assessment (MNA) Screening (6 questions): food population

intake, weight loss, mobility

stress, body mass index

Assessment (12 questions):

medical history, eating habits,

anthropometric measurements

Source: Huhmann MB, August DA. Review of American Society for Parenteral and Enteral Nutrition
(A.S.P.E.N.) clinical guidelines for nutrition support in cancer patients: Nutrition screening and assess-
ment. Nutr Clin Pract. 2008;23:182—-188.
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® Anthropometric data
¢ Nutrition-focused physical exam

Review and analysis of these data provides the RD with the information
needed to diagnose nutrition problems accurately.

Nutrition History

The nutrition history includes information regarding the types and amounts
of foods currently consumed, changes in both quality and quantity of foods
eaten, and reported reasons for those changes. Several methods are used to
gather information for the nutrition history, including a food record, 24-hour

recall, and calorie count. Each is described in Table 2.4.

Table 2.4  Dietary Assessment Methods

Tool

Component

Comments

Food record/food diary

The patient documents his or
her dietary intake as it occurs
over a specific period of time.
Records are kept over a three-
or five-day period and should
include both weekdays and
weekends.

Advantages: data are not
totally reliant on patient’s
memory and may be more
accurate.

Disadvantages:
underreporting and changing
of food habits for the
recording period. The patient
must make a commitment to
complete the food record.

24-hour recall

The patient recalls all food
and drink that has been
consumed in the previous
24-hour period under clinician
guidance.

Advantages: short
administration time, low cost,
low risk for patient.
Disadvantages: does not
always show typical eating
pattern, patients may over or
underreport intake, and
records may not be accurate
because they rely on the
patient’s memory.

Calorie count

Record of food and beverage
intake, mostly used in clinical
settings. The RD or RDT
calculates nutritional
information such as
kilocalories and protein
content consumed and
compares it to the patient’s
estimated needs.

Disadvantages: inaccurate in
most care settings, time-
consuming (must wait until
complete before determining
intervention).

Source: Nelms M, Sucher K, Long S. Nuirition Therapy and Pathophysiology. Belmont, CA: Thomson
Higher Learning; 2007:101-135, 751-783.
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Determination of nutrient intake for hospitalized patients is complicated
by a variety of factors: lack of staffing to document intake adequately, diffi-
culty estimating amounts of foods eaten, and inability to determine amounts
of snacks or foods consumed from home. For these reasons, the “calorie
count” should not be considered an appropriate method to monitor intake of
hospitalized patients. Unfortunately, hospitalized patients quite often do not
consume enough food to meet their nutrient requirements, thereby making
communication with nursing staff and caregivers imperative to determine
actual dietary intake.

Depending on the patient population, as much as 40% of foods served in
the hospital are not consumed.? While oral nutrition supplements are fre-
quently utilized as a first line of nutrition therapy for patients who are not
consuming adequate food, some evidence suggests that this intervention
might not be appropriate for many patients.?> Although research shows an
increase in energy and protein intake by patients who receive oral supple-
ments as compared to patients who receive standard hospital diets,'>* these
studies did not employ additional foods or food preferences for the control
groups. Furthermore, several studies have monitored the intake of oral sup-
plements and found significant wastage.?? Given these caveats, the use of
commercially prepared oral supplements over food should not be routinely
recommended as an avenue to increase nutrient intake in patients with can-
cer until other interventions have been explored. The use of dietetic assis-
tants to facilitate feeding was associated with a significant decrease in
mortality in elderly hip fracture patients, for example.” To date, no research
supports the use of assistive personnel at mealtimes for patients with cancer,
though the results of the previous study are encouraging.

The importance of obtaining a nutrition history cannot be overstated.
Without knowledge about the types and quantities of foods consumed by the
patient, the RD cannot accurately diagnose whether nutrition problems exist.
It is important not only to determine food intake patterns prior to diagnosis,
but also to quantify adequacy of intake and elucidate changes in intake
related to the disease and its treatment.

Medical Tests, Labs, and Procedures

In the past, levels of serum hepatic transport proteins (albumin, prealbumin,
and transferrin) were commonly cited as “markers of nutrition status.” Cur-
rent knowledge regarding the role of hepatic transport proteins in the acute-
phase response (APR), combined with basic understanding of the physiology
of starvation, emphasizes the problems with utilizing these markers for
assessing nutritional status. During uncomplicated starvation, levels of the
serum hepatic proteins are maintained at normal or near-normal levels until
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fairly late in the process.'® " This lack of specificity of the transport proteins
for identifying uncomplicated malnutrition means that patients who have
weight loss and poor intake would have false-negative results from a screen-
ing or assessment that relied on solely the hepatic transport proteins.

The serum hepatic transport proteins participate in the APR and act as
negative acute-phase proteins.?® As such, their levels often decrease in
response to metabolic stress rather than in response to changes in nutrient
intake.” Patients with cancer are often hypermetabolic as a result of the
presence of disease or the oncologic therapies initiated; as a consequence,
the use of hepatic transport proteins for assessing nutritional status is prob-
lematic and may not accurately reflect nutritional status. When analyzing
serum transport proteins, other parameters such as weight history, current
medical condition, current nutrient intake, and presence of nutrition-related
symptoms should also be critically evaluated to determine nutritional status
accurately.

C-reactive protein (CRP) is a nonspecific indicator of inflammation that
increases as much as 1,000-fold during an inflammatory event.”® The levels
of acute-phase proteins, including CRP, generally increase concurrently with
acute or chronic medical conditions as the levels of serum transport protein
levels such as prealbumin or albumin decrease.”” However, because of the
nonspecificity of CRP, and the ability of clinical examination to determine
the presence of an inflammatory condition, routine use of CRP in nutrition
assessment cannot be recommended.

Client History

The client history includes information about the individual’s medical and
surgical history, current treatment plans, medications, and socioeconomic
data. The patient’s medical and surgical history should be thoroughly evalu-
ated to identify factors that may influence the patient’s nutritional status or
his or her risk for alterations in nutritional status.

Many patients take multiple prescribed and over-the-counter medications
and/or dietary supplements. Foods can interact and even interfere with these
medications’ absorption and effectiveness in different ways. Dietary supple-
ments, including botanicals, can, like conventional medicines, lead to side
effects, which may negatively affect oral intake or mimic side effects of con-
ventional cancer therapies.”” In addition, supplements may interact with con-
ventional medications and cancer therapies and decrease their effectiveness
1 For example, black cohosh—an herb commonly
used by breast cancer patients—has been shown to increase doxorubicin and
docetaxel cytotoxicity, but to decrease cisplatin cytotoxicity in murine breast

or alter their metabolism.

cancer cells."
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A nonjudgmental approach should be used to inquire whether any supple-
ments are being used during antineoplastic treatments in an effort to help the
patient avoid any potential adverse effects. The questions should be specific
in regard to what the patient is taking, how much the patient is taking, and
whether the supplement is being used in combination with any other agents
or drugs.” Table 2.5 lists dietary supplements commonly used by cancer
patients. The use of dietary supplements is also discussed in greater detail in
Chapter 16.

A social history obtains information about an individual’s socioeconomic
status, housing situation, social support system, access to medical care,
activity level, food purchasing and preparation capabilities, and religious
practices, as well as involvement in support groups.? Understanding of the
individual’s socioeconomic status should allow the clinician to tailor the
patient’s nutrition care plan to optimize the chances for success.

Anthropometric Data

Anthropometric data are used to estimate or measure body composition. In
some settings, it is possible to measure composition of body compartments
via sophisticated techniques such as labeled water or dual-energy x-ray

Table 2.5  Dietary Supplements Often Used by Cancer Patients

Astralagus Kombucha tea

Beta carotene Iscador (mistletoe)

B vitamins Laetrile

Cat’s claw Milk thistle (silymarin)
Echinacea Pau d’arco (lapachol)
Essiac Pycnogenol

Flaxseed Selenium

Garlic Shiitake mushrooms
Ginseng Soy

Goldenseal Vitamin A

Grape seed extract Vitamin C

Green tea Vitamin E

Source: Roberts S, Mattox T. Cancer. In: Gottschlich MM, ed. The A.S.P.E.N. Nutri-
tion Support Core Curriculum: A Case-Based Approach—The Adult Patient. Silver
Spring, MD: American Society for Parenteral and Enteral Nutrition; 2007:649-675.
Used with permission from the American Society for Parenteral and Enteral Nutri-
tion (A.S.P.E.N.). A.S.P.E.N. does not endorse the use of this material in any form
other than its entirety.
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absorptiometry (DEXA). These techniques allow the clinician caring for
patients with cancer to determine lean body mass (LBM), bone mineral con-
tent, and fat mass. In practical terms, as a result of cost and other considera-
tions, most clinicians are limited to estimation of body composition using
height, weight, and occasionally bioelectric impedance analysis (BIA). The
BIA measures electrical resistance on the basis of lean body mass and body
fat composition. Single BIA measures show body cell mass, extracellular tis-
sue, and fat as a percentage of ideal levels, whereas sequential measure-
ments can be used to show body composition changes over time. Because of
cost and accessibility issues, the use of BIA is currently limited, and this
technology is unavailable in most ambulatory settings.

Other anthropometric measures include skin-fold measurements (to meas-
ure subcutaneous fat) and mid-arm muscle circumference (to assess lean
body mass). Serial measurements are useful when monitoring weight to
determine if fat or lean body mass is being lost or gained."” These measure-
ments, while providing useful information, need to be assessed cautiously in
cancer patients, because the “norms” on which they are based represent
healthy individuals and, therefore, may not have direct applications to the
cancer population.'

Accurate height and weight measurements at baseline, during treatment,
and following treatment are critical for optimal nutritional care. In a busy
care setting, it is all too easy to overlook these simple measurements. Care
providers often find it easier to estimate height and weight. Of course, the
accuracy of such estimations varies depending on the training and experi-
ence of the person making the estimation. Bloomfield et al. found that esti-
mates by physicians and nurses heights and weights of patients admitted to
intensive care varied significantly from the patients’ actual measurements,
with greater inaccuracy being observed in weight estimations.? Another
study found that while estimates of height and weight done by nurses were
relatively accurate, the difference between estimated and measured values
could be as much as 15 ¢m and 15 kg.®

Nutrition-Focused Physical Exam

As noted earlier, metabolic changes associated with some tumor types may
lead to development of cancer cachexia. Cancer cachexia is associated with
loss of lean body mass in excess of loss of fat mass. It is entirely possible that
a patient might have sufficient adipose tissue to mask the loss of lean body
mass, making physical assessment skills vital for early identification of
cachexia. Additionally, disease progression often leads to an inability to con-
sume adequate foods with increased consumption of liquids, making treat-
ment of cachexia difficult.”
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A complete physical assessment should include observation for signs of
edema, ascites, temporal lobe wasting, and muscle wasting."” The clinician
should also assess the gastrointestinal tract to determine whether the patient
is having or has a history of anorexia, changes in appetite, nausea and vomit-
ing, diarrhea, constipation, early satiety, mucositis, dysgeusia, or dysphagia.
In addition, an oral assessment should be completed to evaluate both the
health of the patient’s oral cavity, including dentition, and the patient’s abil-
ity to chew and swallow.

Nutrition Assessment Tools in Common Use

Very few validated tools have been developed to assess nutrition status in
patients with cancer. Assessment tools that have been studied include the
Subjective Global Assessment (SGA), the Patient-Generated Subjective
Global Assessment (PG-SGA; a variation of the SGA that has not been exten-
sively validated), and the Nutrition Risk Index (NRI).

The SGA was initially developed to assess patients for malnutrition by uti-
lizing information that could be easily obtained without the need for labora-
tory data or other sophisticated equipment. The SGA is also one of the few
assessment tools that integrates many of the traditional parameters used in
nutritional assessment with current clinical status and functional capacity.®
Historical information (weight loss, dietary intake, gastrointestinal symp-
toms, and functional capacity), metabolic demands of the underlying dis-
ease, and a nutrition-related physical exam that takes into consideration loss
of subcutaneous fat and presence of muscle wasting, edema, and ascites are
the key components of the SGA.** The SGA relies on the experience and
judgment of the clinician to determine whether the patient is well nourished,
has moderate/suspected malnutrition, or is severely malnourished. It is con-
sidered an efficient and cost-effective avenue for identifying patients at risk
of malnutrition. Since its inception, several tools similar to the SGA have
evolved but have not been extensively validated.

The PG-SGA was adapted from the SGA specifically for the oncology pop-
ulation (see Figure 2.1).22 This easy-to-use and inexpensive tool is a scored
approach for identifying individuals at nutritional risk and triaging patients
for subsequent medical nutritional therapy in a variety of clinical settings.
The PG-SGA consists of two sections: a four-question patient-completed sec-
tion and a section for the healthcare professional. The patient-completed
sections provide information about weight history, presence of nutrition-
related symptoms, food intake, and activity/functional level. The sections
completed by a healthcare professional include an evaluation of metabolic
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demand, presence of disease and its relationship to nutrition requirements,
and elements of the physical examination. The numeric score generated from
this information can be used as part of a triage system to determine need for
nutrition intervention. The PG-SGA scoring has been found to correlate with
readmission within 30 days and mortality in a group of cancer patients.”? The
pros and cons of the PG-SGA are summarized in Table 2.6.

The Mini Nutritional Assessment (MNA; Nestlé Nutrition, Vevey, Switzer-
land) has been developed to screen and assess for malnutrition in the elderly.
This 18-item tool is divided into two sections: screening and assessment.'
The screening segment contains 6 questions related to food intake, weight
loss, mobility, stress, and body mass index.'® The 12-item assessment focuses
on specific medical history and eating habits as well as anthropometric
measurements.'® A total score of less than 17 points indicates malnutrition,
whereas a score of 17 to 23.5 indicates risk of malnutrition.'” There are no
intervention guidelines associated with the MNA.

Advantages of the MNA include its inclusion of multiple parameters and
established validity in the elderly population. Additionally, the MNA is
quick and easy to use. However, this specific tool has not been validated for
use in the oncology population.

Nutritional status can quickly deteriorate because of illness and decreased
dietary intake. Given that nutritional well-being plays an important role in
treatment and recovery from cancer, early screening and intervention for
nutritional problems are imperative in the care of patients with cancer.

Table 2.6 Pros and Cons of the Scored PG-SGA

Pros Cons

e Allows patient/family participation ¢ Professional resistance to performing the

e Streamlines data collection physical exam

¢ Provides a more complete list of ¢ Triage guidelines included
nutrition-related symptoms e Perception of additional workload

® Parameters are weighted/scored based @ Patients may resist completing more
on nutrition impact “paperwork”

¢ Easier to use; tables and worksheets o Patient-generated section relies on patient
included on reverse of form literacy

e Identifies treatable nutrition-related
symptoms

e Score can be used to track outcomes
e Validated in the oncology setting

Source: Elliott L, Molseed L, McCallum PD, Grant B. The Clinical Guide to Oncology Nuirition. 2nd
ed. Chicago, IL: American Dietetic Association; 2006:44-53.
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Additional Tools

Additional tools used to assess nutritional status include the Activities of Daily
Living (ADL) tool, PedsQL Measurement Model, and Karnofsky scores. The
ADL assesses routine activities (e.g., eating, bathing, dressing, toileting, walk-
ing, continence) that people generally do every day without assistance.® It is
important to assess the patient’s ability to perform ADLs to determine which
type of long-term care facility (e.g., nursing home, home care) and coverage
(e.g., Medicare, Medicaid, or long-term care insurance) may be needed.®

The PedsQL Measurement Model measures health-related quality of life
(HRQOL) in healthy children and adolescents as well as in those with acute
and chronic health conditions. It integrates generic core scales and disease-
specific modules into a single measurement system.*

The Karnofsky scores are a subjective measurement used to quantify can-
cer patients’ general well-being. This assessment tool is useful over time, as
sequential measurements may be help track the disease process. Scores run
from 100 to 0, where 100 indicates good health and 0 equals death.

¢ 100: normal activity, no complaints or signs of disease

® 90: normal activity, minor symptoms or signs of disease

e 80: normal activity with some effort, some symptoms or signs of disease
® 70: cares for self, not capable of normal activity or work

® 60: requires some help, but capable of handling most personal needs

® 50: requires help and medical care often

e 40: disabled; requires special care and help

* 30: severely disabled; hospitalization indicated but no risk of death

® 20: very ill; requiring admission, supportive measures, or treatment

® 10: moribund; fatal disease process progressing fast

® 0: dead

SUMMARY

There are no studies that directly link the nutrition screening process to
improved outcomes in oncology patients, but there is a clear link between
screening and identification of nutritional risk.’® There is also evidence of
improved outcomes in severely malnourished patients with nutrition support;

therefore, one can draw the conclusion that effective screening and early
identification of nutrition risk can affect outcomes.”

There are also no data explicitly linking nutrition assessment to out-
comes.'® Nevertheless, nutrition assessment is crucial to designing optimal
nutrition intervention to help improve outcomes.
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Chapter 3

Nutrition Support for
Oncology Patients

M. Patricia Fuhrman, MS, RD, LD, FADA, CNSD

INTRODUCTION

Cancer is becoming a chronic disease. As a result, treatments for cancer—

and especially chemotherapy and radiation therapy—can have both short-
term and long-term adverse effects on body systems, such as the
gastrointestinal (GI) tract. Nutrition support is adjunctive therapy, rather
than curative therapy, for oncology patients. The debate about if and when to
initiate nutrition support revolves around the GI tract function, the prognosis
of the patient, the experiences of healthcare providers, and the wishes of the
patient and family. Patient autonomy should always be the decisive factor
when determining the extent of providing nutrition and hydration.!

The American Dietetic Association’s (ADA) Evidence Analysis Library
(EAL) oncology guidelines recommend medical nutrition therapy with indi-
vidualized nutrition assessment, prescription, and counseling as the first line
of nutrition intervention? for patients diagnosed with cancer. It is well
accepted that nutrition support should not be used routinely in cancer
patients, but rather should be reserved for those patients who are unable to
meet their nutrient needs orally.>* The provision of home nutrition support in
terminally ill cancer patients who are not undergoing active therapy should
be limited to those patients who have good functional status with a life
expectancy greater than 40 days and supportive caregivers.*

Enteral Nutrition

Indications for Enteral Nutrition

Enteral nutrition (EN) is indicated when a patient cannot meet nutrient needs
through oral diet and the GI tract is functional. Table 3.1 lists the indications,

benefits, contraindications and burdens of enteral and parenteral nutrition.>>° m
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Table 2.1 Comparison of Enteral and Parenteral Nutrition in
Oncology Patients
Enteral Nutrition Parenteral Nutrition
Indications e Functional GI tract e GI tract dysfunctional
e Patient unable to meet e Patient unable to meet needs through
needs through oral diet oral diet and/or tube feeding
e Severe esophagilis, enteritis, vomiting,
and diarrhea
* Bowel obstruction
e Short bowel syndrome
e Severe pancreatitis
e Paralytic ileus
e GVHD
Benefits e Less costly e Source of nutrition for those unable to
o Less invasive meet needs enterally
¢ Fewer infectious
complications
Contraindications ® Gl obstruction e Functional GI tract
e Peritonitis e No IV access
¢ GI bleeding e Aggressive nutrition support not
e Intractable vomiting/ warranted or desired by
diarrhea patient/family
¢ Hemodynamic instability
¢ Inadequate GI perfusion
¢ High-output fistula
¢ Thrombocytopenia
e Severe mucositis,
esophagitis, rhinitis
® Aggressive nutrition
support not warranted or
desired by patient/family
Burdens e Obtaining and e Infectious complications
maintaining enteral * Cost
access
¢ GI complications of
diarrhea, reflux, vomiting,
nausea
Gl = gastrointestinal; IV = intravenous; GVHD = graft-versus-host disease.
Sources: A.S.P.E.N. Board of Directors and Clinical Guidelines Task Force. Guidelines for the use of
parenteral and enteral nutrition in adult and pediatric patients. JPEN J Parenter Enteral Nutr.
2002;26(suppl 1):82SA-85SA; DeChicco RS, Steiger E. Parenteral nutrition in medical or surgical
oncology. In: Elliott L, Molseed LL, McCallum PD, eds., The Clinical Guide to Oncology Nutrition. 2nd
ed. Chicago, IL: American Dietetic Association; 2006:156—164; Robinson CA. Enteral nutrition in
adult oncology. In: Elliott L, Molseed LL, McCallum PD, eds., The Clinical Guide to Oncology Nuiri-
tion. 2nd ed. Chicago, IL: American Dietetic Association; 2006:138-155.
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Benefits of Enteral Nutrition

The patients with cancer who appear to benefit the most from enteral nutri-
tion are those with head and neck cancer, esophageal cancer, gastric cancer,
and pancreatic cancer.® Feeding tube placement should be distal to the
tumor and/or surgical site.® The ADA EAL states that EN can successfully
maintain weight by increasing energy and protein intake in patients with
esophageal cancer undergoing chemoradiation and in patients with stage 111
or IV head and neck cancer receiving intensive radiation therapy.? Providing
EN and maintaining nutritional status during radiation therapy for head and
neck cancer may improve the patient’s ability to tolerate the therapy, thereby
promoting a better outcome.?

Zogbaum et al.” retrospectively reviewed 125 cases of head and neck
cancer treated with radiation therapy. Seventeen patients who received
tube feedings were matched with 17 controls who were not tube-fed. The
tube-feeding group missed fewer days of radiation therapy (2.3 days + 6.6
SD versus 5.5 days = 4.0 SD; p < 0.1) and had less weight loss as meas-
ured by BMI (20.64 + 4.2 to 20.18 + 4.01 versus 24.32 + 5.62 to 22.78 +
5.51; p = .54) than the control group. However, enteral nutrition in
patients with esophageal cancer has not been shown to improve tolerance
to therapy or increase survival.?

Enteral nutrition is less expensive than parenteral nutrition and is associ-
ated with fewer infectious complications.® Its utilization of the GI tract may
be one of the major advantages of enteral nutrition in preventing infectious
complications, as the GI tract is a major contributor to immunocompetence.

Enteral Nutrition Challenges

Enteral feeding may be problematic in some patients owing to the effects of
their tumors and/or the antineoplastic therapies employed. Thrombocytope-
nia increases the risk of bleeding during tube placement and management.
Platelet levels should be greater than 50,000 units/liter and the absolute
neutrophil count greater than 1,000 cm? before a feeding tube is placed
either endoscopically or surgically.’

Gl intolerance induced by chemotherapy and radiation therapy can inhibit
oral intake and jeopardize tube-feeding success. Patients with mucositis,
nausea, vomiting, and diarrhea may tolerate jejunal feedings better than gas-
tric feedings.® Feeding tube placement (nasal/orally placed tubes) may be
more difficult in patients whose anatomy has been altered as a result of head
and neck resection.'
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Contraindications to Enteral Nutrition

Contraindications to enteral nutrition in oncology patients are similar to
those in patients with other diseases and metabolic disorders. Specific con-
traindications include intestinal obstruction, peritonitis, Gl bleeding,
intractable vomiting or diarrhea, hemodynamic instability, inadequate GI
perfusion, high-output fistulas, and the patient’s or family’s preference not to
pursue enteral feeding.® If nutrient and energy needs cannot be met through
utilization of the GI tract, a combination of enteral and parenteral nutrition
may be required.

Burdens of Enteral Nutrition

Obtaining and maintaining enteral feeding access can be a burden for some
patients. If a feeding tube has to be inserted repeatedly, the amount of feed-
ing provided and the patient’s comfort are diminished. Burdens of enteral
nutrition include adverse effects such as diarrhea, reflux, nausea, and vomit-
ing, which can sometimes outweigh the benefit of using the Gl tract for feed-
ing. The emotional burden of stool incontinence and the risk for wound
infections in the patient with severe diarrhea can also necessitate discontin-
uation of enteral feeding. Uncontrolled nausea may negatively impact quality
of life for the patient as well.

Enteral Nutrition Access

The least invasive type of enteral access is a nasoenteric feeding tube.
Nasoenteric feeding tubes are generally recommended when enteral feed-
ings are required for less than 4 weeks. Such tubes can be placed in sev-
eral locations, including the stomach, duodenum, or jejunum. When
enteral access is required for a longer period of time, the enteral access is
typically more permanent, with an ostomy being created, such as a gas-
trostomy, jejunostomy, percutaneous endoscopic gastrostomy (PEG), per-
cutaneous endoscopic jejunostomy (PEJ), or percutaneous endoscopic
gastro-jejunostomy (PEG)).

Tube type and placement will depend on the location of the cancer and the
ability to place the feeding tube distal to the cancer and/or surgical interven-
tion site. Patients with head and neck cancer generally tolerate enteral feed-
ings into the stomach or jejunum; those with esophageal cancer usually have
feedings into the stomach or duodenum; those with gastric cancer have feed-
ings into the jejunum; and those with pancreatic cancer have feedings into
the jejunum.® In any event, each patient must be evaluated individually to
determine the optimal enteral feeding access.
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Enteral Feeding Formulas

The selection of an enteral nutrition formula depends on the presence of
comorbidities, organ function, fluid tolerance, and GI function as well as the
length of time for which feedings may be required. In general, it is best to
use the most intact enteral formula that meets the patient’s nutrient needs
and tolerance. The concentration of the formula (measured in kilocalories
per milliliter [kcal/mL]) depends on the patient’s fluid status and volume tol-
erance. There is little support in the literature for the use of disease-specific
formulas."" The use of elemental or semi-elemental formulas should be
reserved for those patients with impaired GI digestion and absorption. The
addition of modular components to an enteral formula should be avoided
because of the risk of formula contamination.

The use of arginine, vitamin E, or antioxidant supplements for patients
with breast or oropharyngeal cancers is currently not recommended; con-
sumption of antioxidant vitamins in excess of the upper tolerable limit is also
not recommended for patients with lung cancer.? Specialty enteral formulas
designed for oncology patients contain immuno-enhancing nutrients. Oral
consumption of 2 g of eicosapentaenoic acid (EPA) and 1 g of docosahexa-
noic acid (DHA) per day, for example, has been associated with weight gain
in patients with tumor-induced cancer cachexia.* In vitro, animal, and epi-
demiologic studies suggest that EPA may augment the effects of chemothera-
peutic agents, and that the ratio of omega-3 (€2-3) inserted to omega-6 (£2-6)
fatty acids may influence the risk and progression of breast, colon, and
prostate cancers.” Studies examining the effect of an immuno-enhancing
tube feeding formula have yielded inconsistent results when the solutions
were provided to patients with gastric cancer." Prospective clinical trials are
still needed to determine the role of Q-3 fatty acids and other immuno-
enhancing nutrients in the prevention and treatment of cancer and cancer
cachexia.>!* It appears that the use of immuno-enhancing enteral formulas
and supplements is not warranted and could even be potentially harmful in
this patient population.*

Enteral formulas can be administered into the stomach as either a bolus, an
intermittent infusion, or a continuous infusion. Small bowel feedings should
be continuous. Continuous feeds can be infused over 24 hours or cycled over
a shorter time frame depending on patient lifestyle and tolerance.

Complications of Enteral Nutrition

Enteral nutrition is associated with GI, metabolic, septic, and mechanical
complications. Nutrition assessment focused on the patient’s risk factors
related to complications and routine monitoring for potential complications
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can reduce the incidence and adverse outcomes of complications that do
occur.

Potential GI complications include diarrhea, regurgitation, and constipa-
tion. Multiple factors contribute to diarrhea, and each must be evaluated
separately to determine which treatment should be employed.' Diarrhea is
often the result of medications. Infection with Clostridium difficile is a fre-
quent cause of diarrhea in patients who are treated with antibiotics.

Enteric pathogens should be identified and treated before initiating
antidiarrheals to avoid toxic megacolon.'® Chemotherapeutic drugs and radi-
ation therapy can also result in rapid Gl transit. A patient with an impaction
could be oozing stool around the impaction.’® During the process of deter-
mining the etiology of the diarrhea, it is important to maintain hydration and
electrolyte levels.” Fiber-containing formulas may also assist with the man-
agement of both diarrhea and constipation. Formulas containing soluble
fiber, for example, can help with GI motility as well as provide a source of
fuel for the colonocytes with short-chained fatty acids (SFCA)."

Regurgitation and subsequent aspiration are always a concern with enteral
feeding. To date, no evidence has been gathered that correlates a certain level
of gastric residual volume with higher risk of aspiration.'”'® Greater than 250
mlL of gastric residual volume (GRV) on two consecutive occasions should be
investigated for potential problems with poor gastric emptying, however." Ele-
vating the head of the bed 30 to 45 degrees is the only evidence-based recom-
mendation for preventing reflux and the risk of aspiration.”

Metabolic complications include refeeding syndrome and dehydration.
Patients at the greatest risk of developing refeeding syndrome are those who
have had inadequate intake for more than 7 to 10 days and who have lost a
significant amount of weight.® Starting at a low rate of 20 to 30 mL/h and
increasing the amount of the feeding gradually to the infusion goal enables
the clinician to monitor the metabolic response and correct any glycemic and
electrolyte abnormalities as they occur. For patients with diabetes and glu-
cose intolerance, it is recommended to avoid overfeeding and administer
insulin as needed."

A comprehensive nutrition assessment should also include the fluid require-
ments for all patients to assure adequate fluid intake, to reduce the risk of con-
stipation, and to replace fluids lost, such as from diarrhea or vomiting.
Overhydration must also be avoided, especially in patients with renal failure,
liver failure, or congestive heart failure. Inadequate fluid intake can contribute
to hypernatremia and pre-renal azotemia. Thirst cannot be counted on as a reli-
able indicator of whether more fluid is needed in elderly individuals and in
patients who are unable to communicate. Instead, fluid needs should be esti-
mated using any of several available mathematical formulas, and hydration sta-
tus then routinely reevaluated based on clinical monitoring.
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Mechanical complications may arise related to the feeding tube and
equipment used to infuse the formula. Nasoenteric complications include
inflammation of the nasal cavity and sinusitis. Sites where gastrostomy,
jejunostomy, PEG, PEJ, and PEG]J tubes are placed can become tender and
red. Excoriation and infection can also occur. The size of the tube may need
to be changed as the patient gains or loses weight or, in the case of children,
with growth.

It is imperative to flush the tube routinely with water to maintain patency.
Minimal flushes should consist of 20 mL water every 4 hours with a continu-
ous infusion, before and after intermittent and bolus infusions, and before
and after medications are delivered.? It may be prudent to flush the feeding
tube and dilute fluids through the feeding tube with sterile water or saline,
particularly in immunocompromised patients and in patients for whom there
is concern about the safety of the water supply. Medications should be com-
patible with feeding tube administration and location of the feeding tube tip.

Home Enteral Nutrition Support

Patients who go home on enteral nutrition should be thoroughly evaluated for
appropriateness of the enteral formula, feeding access, and capability of the
patient and/or caregiver(s) to manage the therapy. It is imperative to teach
patients how to prepare formula and manage their feeding access properly so
that they know how to avoid the risk of contamination. A study by Thompson
et al. examined the coping skills of patients receiving home enteral nutri-
tion.? In this study, patients who were successful at coping with the nutrition
system accepted personal responsibility for life’s conditions, took charge of
their own well-being, sought and accepted support from others, optimized
their independence, and focused on the positive aspects of their lives. Given
these considerations, the authors remind clinicians to work with their home
enteral nutrition patients to facilitate these coping skills.

Parenteral Nutrition

Indications for Parenteral Nutrition

Parenteral nutrition (PN) should be reserved for patients who are unable to tol-
erate any or sufficient nutrient needs through the GI tract. Indications for PN
may include severe esophagitis, enteritis, vomiting, and diarrhea, as well as
bowel obstruction and short bowel syndrome. Other indications may include
severe pancreatitis, paralytic ileus, and graft-versus-host disease (GVHD)
involving the GI tract.> PN should not be used unless there is an impediment to
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oral intake of nutrients and/or digestion or absorption of nutrients after con-
sumption. The ADA EAL states that routine use of PN is not recommended for
patients with esophageal cancer who are receiving chemoradiation therapy
(CRT).2 To reiterate, PN should be reserved for only those patients who are
unable to meet their nutritional needs through the GI tract.

Benefits of Parenteral Nutrition

Parenteral nutrition is a life-saving therapy for patients who are unable to
tolerate enteral nutrition. The goal of providing parenteral nutrition is to
meet nutrient needs until the patient can resume oral intake or tube feeding.
Some patients will remain dependent on parenteral nutrition for the rest of
their lives. Careful management can reduce the risk of complications during
both short-term and long-term therapy.

Contraindications to Parenteral Nutrition

If the gut works adequately to meet the patient’s nutritional needs, parenteral
nutrition should not be used. Likewise, PN may be contraindicated when the
patient has no intravenous (IV) access. It may also be inappropriate to start
or to continue PN when aggressive nutrition support is not warranted or if it
is not desired by the patient and his or her family. Communication between
the patient, family, and clinicians is necessary to determine the goals of feed-
ing and to clarify the expectations for nutrition support.!

Burdens of Parenteral Nutrition

PN is not indicated when the burdens of providing PN outweigh the bene-
fits—for example, when the patient’s prognosis is extremely poor. Although
PN is not a curative therapy for oncology patients, it can help sustain them
nutritionally during curative and palliative therapy when they cannot meet
their nutrient needs via the GI tract. As the end of life approaches, the patient
and family must evaluate the burdens and benefits of this nutritional therapy.
Laboratory monitoring, preparation and infusion issues, and risk of infection
from the IV catheter must all be considered. If the patient is seeking hospice
care, it may not be possible to continue PN after hospice admission.?!

Access for Parenteral Nutrition

Central IV access is required for PN. Like enteral access, parenteral
access can be either temporary or permanent. Temporary access involves
a direct puncture into a central vein, such as the internal jugular, subclavian,
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or femoral vein. Permanent central access is achieved either through a
tunneled catheter, an indwelling port, or a peripherally inserted central
catheter (PICC).

Peripheral parenteral nutrition (PPN) does not require access to a central
vein but rather is delivered through the small veins in the hand and distal
arm or via a peripherally inserted catheter (PIC). The tip of a PIC is gener-
ally placed in a deep peripheral vein. This means of access should not be
confused with a PICC, which has its tip in the superior vena cava or right
atrium. PPN is generally not used because of the volume required to dilute
the formula for peripheral infusion and its large lipid load for adequate
energy. For best tolerance, the osmolality should be less than 600 to 900
mOsm/L.#

Parenteral Nutrition Components and Formulations

Parenteral formulations can contain dextrose, lipids, amino acids, multivita-
mins, trace elements, electrolytes, water, and compatible medications (Table
3.2). These components may be combined in one bag, referred to as a total
nutrient admixture or 3-in-1, or lipids can be infused separately in conjunc-
tion with a 2-in-1 (dextrose and amino acids along with micronutrients and
medications).

Macronutrients include dextrose, lipids, and amino acids. A minimum of
100 to 150 g/day dextrose is appropriate, with an upper limit of 4 mg/kg/min
in the critically ill patient and an upper limit of 7 mg/kg/min in the stable
patient.? Lipids provide an additional source of energy that can help reduce
the dextrose load. Intravenous delivery of lipids limited to 0.11 g/kg/h has
not been associated with adverse effects.* Minimizing the lipid amount to
approximately 1 g/kg or less than 30% of the individual’s total kilocalories
per day has not been associated with complications.?? Although no consen-
sus has been reached regarding how much lipids should be given, it is pru-
dent to limit the amount provided to avoid potential complications. If a
patient does not receive lipids for greater than 2 weeks, a minimum of 10%
of the total caloric provision from lipids should be administered to prevent
essential fatty acid deficiency (EFAD).?

Micronutrients include vitamins, trace elements, and electrolytes. Vita-
mins and trace elements should be added to the PN solution on a daily
basis.? If the patient is on anticoagulation therapy, it is important to be aware
of the vitamin K content of the multivitamin preparation and to adjust the
anticoagulation therapy accordingly. Multivitamin preparations are available
without vitamin K, though these solutions should not be used routinely. By
contrast, trace element preparations containing zinc, chromium, copper,
manganese, and selenium are recommended for routine use.?” Copper and
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Table 3.2 Standard PN Composition of PN Solution for Adults

Component Recommendations

Amino acids 10-20% total estimated or measured energy needs
Adjust based on organ function and metabolic stress

Dextrose Consider all sources of dextrose (IVF, medications)
Initiate with 100-200 g/day
4 mg/kg/min maximum in critically ill
7 mg/kg/min maximum in stable patients
Maintain normal glucose levels

Lipids Include propofol infusion in lipid sources
Lipid should be less than 1 g/kg or 20-30% of total kilocalories
Limit lipids with serum TG levels > 400 mg/dL

Fluid Volume depends on patient tolerance/requirements

Electrolytes

Amounts depend on patient tolerance. Higher requirements may occur with refeeding
syndrome and GI losses; decreased requirements occur with organ failure.

Sodium 1-2 mEqg/kg
Potassium 1-2 mEqg/kg
Phosphorus 20-40 mMol/day
Calcium 10-15 mEq/day
Magnesium 8-20 mEq/day

Chloride and acetate  Proportions vary depending on acid-base status

Vitamins

A 3,300 IU
D 200 IU
E 101U
K* 150 meg
Thiamin 6 mg
Riboflavin 3.6 mg
Niacin 40 mg
Pyridoxine 6 mg
Cyanocobalamin 5 meg
Folacin 600 mcg

(continues)
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Table 3.2 Standard PN Composition of PN Solution for Adults, Continued

Component Recommendations
Pantothenic acid 15 mg

Biotin 60 mcg

Ascorbic acid 200 mg

Trace Elements

Increased needs may occur with large GI losses.

Zinc 2.5-5 mg
Copper 0.3-0.5 mg
Chromium 10-15 mg
Manganese 20-100 mcg
Selenium 40-120 mcg
Medications

Check with the pharmacist to verify compatibility and doses based on patient’s
comorbidities and metabolic needs.

*Multivitamin preparation available without vitamin K.

GI = gastrointestinal; IVF = intravenous fluids; TG = triglyceride.

Sources: A.S.P.E.N. Board of Directors and Clinical Guidelines Task Force. Guidelines for the use of
parenteral and enteral nutrition in adult and pediatric patients. JPEN J Parenter Enteral Nutr.
2002;26(suppl 1):82SA-85SA; Sacks GS, Mayhew S, Johnson D. Parenteral nutrition implementation
and management. In: Merritt R, ed. The A.S.P.E.N. Nuirition Support Practice Manual. 2nd ed. Silver
Spring, MD: American Society for Parenteral and Enteral Nutrition; 2005:108-117; Lenssen P, Bruem-
mer BA, Bowden RA, Gooley T, Aker SN, Mattson D. Intravenous lipid dose and incidence of bac-
teremia and fungemia in patients undergoing bone marrow transplantation. Am J Clin Nuir.
1998:;67:927-933; McMahon MM. Management of parenteral nutrition in acutely ill patients with
hyperglycemia. Nuir Clin Pract. 2004;19:120-128; Lipkin AC, Lessen P, Dickson BJ. Nutrition issues
in hematopoietic stem cell transplantation: State of the art. Nutr Clin Pract. 2005;20:423-439.

manganese may be omitted when a patient develops hyperbilirubinemia. In
such a case, the patient should be monitored closely because copper defi-
ciencies can lead to pancytopenia over time.? Electrolytes are added daily in
amounts based on laboratory values and the patient’s current condition. GI
and urinary losses as well as organ function should be considered in deter-
mining electrolyte content of the PN.> Although electrolytes are listed as
individual minerals, they are added to the PN as salts; for example, sodium
can be provided as sodium chloride, sodium acetate, and sodium phosphate.

Water can be added to the PN solution for patients who need additional
fluid and to dilute a peripheral solution to achieve the osmolality compatible
with this route of infusion. It may also be necessary to concentrate the PN
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formula by using the most concentrated source of dextrose (70%), lipids
(30%), and amino acids (20%). In any event, fluid status and sources of other
IV fluids should be regularly assessed with PN administration.

Medications commonly added to PN include regular insulin, heparin, and
famotidine.® It is not recommended to use PN as a drug delivery method.
Always confirm drug and PN compatibility with the pharmacist.

Infusion of parenteral nutrition can be either continuous or cycled. Most
infusions begin as continuous and then are converted to a cycle schedule as
indicated by patient activities or in anticipation of discharge home on PN.
When cycling PN, it is recommended to taper the infusion for 1 to 2 hours
when starting and stopping the infusion. Some debate has arisen over
whether it is necessary to taper PN infusions before stopping the infusion,?-
but the potential risk of rebound hypoglycemia can be avoided by tapering.

Complications of Parenteral Nutrition

Concern about the potential complications associated with PN often prompts
clinicians to use it only as a last resort. As a result, they sometimes wait past
the point when maximum benefit could be realized before initiating this type
of nutritional therapy. Careful management and monitoring, however, can
reduce the risk of complications.

Metabolic Complications

Ensuring glycemic control in which blood sugars remain within normal lev-
els improves outcomes in critically ill patients.* Glucose levels of 80 to 120
mg/dL in ecritically ill patients and 100 to 150 mg/dL in non-critically ill
patients have been recommended.? Initiating PN with 150 to 200 g dextrose
can enable the clinician to monitor glycemic response and maintain glucose
levels within acceptable ranges. When blood glucose levels are within an
acceptable range, the PN dextrose content can be increased.

A general rule of thumb for adding insulin to PN in patients with a history
of diabetes or insulin resistance or currently with hyperglycemia is to pro-
vide 0.1 unit of regular insulin for each 1 g of dextrose.” Additional insulin
needs can be covered by using an insulin sliding scale. A portion (generally
one half or two thirds) or all of the amount of sliding-scale insulin required
during a 24-hour period can be added to the next bag of PN.

Hypoglycemia can occur with abrupt disruption of PN or overzealous
addition of insulin to PN. If PN is abruptly interrupted, a 10% dextrose solu-
tion should be given for an hour. Hypoglycemia can also be treated with oral
carbohydrate or by giving an ampule of 50% dextrose intravenously. A PN
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bag that contains more insulin than necessary and that results in hypo-
glycemia should be discontinued.®

Refeeding syndrome occurs more often with PN than EN because PN is
often started at the goal rate rather than implementing a gradual increase in
the infusion rate over a few days, as happens with EN. In patients at risk, it is
prudent to start PN with 150 to 200 mg/day of dextrose and to monitor glu-
cose levels as well as potassium, phosphorus, and magnesium. Correct the
patient’s serum glucose and replace electrolytes before increasing the dex-
trose content.®

For patients on long-term home PN, there is a valid concern about PN-
associated liver disease. In one study, a reduction in severe liver dysfunc-
tion in home parenteral nutrition patients was seen with a modest
provision of kilocalories (approximately 25 kcal/kg), generous protein
(approximately 1.45 g/kg), and a lipid infusion rate of 0.28 g/kg per day.?
Note, however, that this study involved a heterogeneous group of patients
requiring home PN; only a small percentage had an underlying diagnosis
of cancer.

Infectious Complications

Poor glycemic control contributes to both mortality and morbidity (including
infectious complications) in critically ill patients receiving PN."?' Glycemic
control should be maintained to reduce the risk of infection in immunosup-
pressed oncology patients. Using sterile technique in catheter placement and
catheter care can also reduce the risk of infectious complications.

Lipids containing Q-6 fatty acids can affect the reticuloendothelial system
adversely when they are given in large doses over short periods of time.*
When given judiciously—for example, as 30% of total kilocalories or less—
no adverse effects from providing lipids have been noted.?

Gastrointestinal Complications

Gastrointestinal complications of PN result from the lack of GI stimulation
when the GI tract cannot be utilized. These complications can include GI
atrophy, bacterial overgrowth, and bacterial translocation. Liver disease and
metabolic bone disease are also associated with PN. Prevention and manage-
ment of these complications includes using the GI tract as much as feasible,
even if trickle feeds are all that the patient can tolerate. To date, researchers
have not determined the amount of enteral stimulation required to maintain
Gl integrity. Other recommendations are to avoid overfeeding, control hyper-
glycemia, and provide micronutrients daily.
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Special Considerations for Nutrition Support

Cancer Cachexia

The symptoms of cancer cachexia are the essence of malnutrition: anorexia,
fatigue, inadequate nutrient and energy intake, weight loss, and wasting of
muscle and fat mass. Current theories regarding the etiology of cancer
cachexia center on the effects of a cytokine cascade and hormones on metah-
olism.** As yet, the specific mediators have not been defined, making it
problematic to determine the optimal therapeutic approach for treatment.*
Cancer cachexia is not reversed with adequate nutrient intake. Interventions
should treat the symptoms of anorexia, nausea, vomiting, and mucous mem-
brane inflammation.* * Alternative therapies such as acupuncture, guided
imagery, hypnosis, and music therapy have also been used to stimulate
appetite.” Unfortunately, effective therapy is complex because the etiology of
symptoms is multifactorial.

Hematopoietic Cell Transplantation

PN was historically part of the standard of care for patients undergoing a
bone marrow transplant. However, the combination of autologous trans-
plants, new medications, peripheral stem cell harvesting, and less toxic con-
ditioning regimens have eliminated the need for routine use of PN in this
patient population.’’

If nutrition support is required to compensate for poor intake, EN should
be considered in patients whose inadequate intake is expected to continue
for longer than one week.” Patients who may tolerate EN include those who
receive non-myeloablative therapy; have chronic GVHD; suffer neurological
complications that impede swallowing, or are on mechanical ventilation; and
in those patients whose appetite does not improve after engraftment.®

Inability to use the GI tract due to severe Gl toxicity from the conditioning
regimen and severe intestinal GVHD may necessitate the implementation of
PN in malnourished patients until oral intake can be resumed.** There con-
tinues to be insufficient evidence to recommend PN supplemented with glut-
amine in patients following hematopoietic cell transplantation (HCT).> While
PN has not been found to affect either the length of hospital stay or mortality
in breast cancer patients undergoing autologous HCT, an increased risk of
infectious complications does exist.2 PN should be reserved for those HCT
patients who are unable to meet their nutrient and energy requirements by
oral diet or tube feeding.

PN has been shown to maintain nutritional status and restore hematopoi-
etic function in patients undergoing HCT.* In one study, 35 patients undergoing
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HCT received either PN (n = 19) or an oral diet (n = 16).* The criteria for
providing PN included oral intake of less than 50% of estimated nutrient
needs over 2 days. Patients on PN were encouraged to eat what was tolerated;
if their oral intake exceeded 50% of their nutrient needs, the PN was gradu-
ally tapered off over 1 to 2 days. The PN was given for an average of 9.4 days
and provided 25-30 kcal/kg, including 20-30% of total kilocalories as lipids
and 1-1.5 g protein/kg per day. There was no difference in development of
malnutrition or hematopoietic recovery between the groups, demonstrating
the safety of PN in patients who are assessed to require nutrition support

during HCT.

Feeding the Tumor

Tumor growth increases when patients are aggressively fed, but a difference
in overall clinical outcome has not been shown in patients who are aggres-
sively fed versus those who are not aggressively fed.* A study in patients
with metastatic melanoma and renal cell carcinoma (n = 37) showed a 50%
decrease in complete and partial responses to chemotherapy when it was
given concurrently with PN for 14 days." In terms of nutrients, the patients
on PN received 25 kcal/kg, whereas the patients on oral diet received only
2.5 kcal/kg. Tumor progression was found to occur 17% faster in the PN
group, but there was no difference in overall survival between the two
groups.’ In contrast, in another study, a group of Gl cancer patients given
PN and chemotherapy preoperatively demonstrated an improved nutritional
status without an increase in the proliferation of tumor cells and did not have
an increase in postoperative complications.*

Despite the conflicting results of studies evaluating the use of nutrition
support in oncology patients, it is more important to address the clinical
needs of the patient, rather than the pathology, when making determinations
about nutritional needs.* *# Feeding the patient may result in more rapid
growth of the tumor, but starving the patient can result in debilitation while
the tumor continues to thrive. PN should not be avoided in malnourished
patients who are unable to tolerate sufficient nutrients and energy delivered
via the GI tract.

Home Parenteral Nutrition Support

Some patients may require home parenteral nutrition (HPN). Home nutrition
support is appropriate for a patient who has a safe home environment and
supportive and capable caregiver(s). One study of patients with cancer who
were receiving HPN showed that the quality of life was improved and nutri-
tional status was preserved for patients on PN for more than 3 months.*
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In another study, involving 17 HPN patients with inoperable malignant
bowel obstruction, researchers examined the efficacy of HPN as rated by
both patients and their physicians.” The mean survival rate for the patients
was 53 days. In this study, 14 (82%) patients and their families rated HPN as
beneficial or highly beneficial. The clinicians managing the care of the
patients agreed with 11 of these patient ratings. The 3 patients with whom
the clinicians did not agree were patients whose duration of therapy was less
than 25 days. Patients who survived 40 days or longer and had a committed
and supportive family benefited from palliative HPN with few complications.
It appears that delaying the initiation of PN could result in less benefit for
patients who require it.

Palliative Care

Palliative care is the bridge from curative therapy to hospice care.?’ The goal
of palliative care is to decrease suffering and provide comfort when a cure is
no longer feasible or being pursued. The aggressiveness of the palliative
therapies provided will depend on the prognosis and personal wishes of the
patient and family. Nutrition support can provide hydration and reduce
nutrient deprivation, thereby improving the quality of life for some patients.
Nutrition support and hydration decisions should be based on effective com-
munication between clinicians, patients, and families, with the ultimate
decision being based on the wishes of the patient and family.*’

SUMMARY

Nutrition support with enteral and parenteral nutrition should be considered
only when the patient is unable to meet his or her nutrient needs through the
oral diet. Tube feeding should be the first choice for nutrition support when-
ever feasible. Parenteral nutrition should be used when the enteral route—
either by oral diet or by tube feeding—cannot be used or is insufficient to
meet the patient’s nutrient and energy needs. Careful monitoring and man-

agement is essential for effective nutrition support in the oncology patient.
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INTRODUCTION

An estimated 1,437,000 people will be diagnosed with cancer and 565,000
people will die of cancer in the United States in 2008. Cancer is second only
to heart disease as the cause of death in the United States, accounting for
one-fourth of all deaths in this country. Men have a 50% chance of develop-
ing cancer during their lifetime and women have a 33% chance, with half of

all cancer diagnoses involving breast, prostate, lung, or colon cancer. With
earlier detection and more advanced treatments, two-thirds of all cancer
patients will live at least 5 years.!

Cancer treatments have become increasingly more complicated over the
past two decades, with many patients being treated with combinations of
surgery, chemotherapy, and radiation in a multidisciplinary approach requiring
coordination of care among many healthcare professionals. Newer chemother-
apy drugs hold the promise of reduced toxicity and target novel cancer path-
ways, offering new hope to cancer patients. Advancements in radiation therapy
planning and delivery have reduced acute and late toxicity by reducing the dose
delivered to normal adjacent tissues.

This chapter reviews the basics of chemotherapy and radiation therapy
and outlines the role of nutrition and the registered dietitian in the care of
cancer patients in modern cancer centers.

Background

With the evolution of multicellular life from less complex ancestors, cancer
became possible. Early life forms were likely similar to extant simple bacteria.
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Their growth and division were limited only by their food sources and the
need to avoid toxic concentrations of their own wastes. More than a billion
years after the emergence of primitive bacterial cells, nucleated cells
appeared in the fossil record, although their original forms may have been
closer to those of the bacteria.? Some lineages of nucleated cells found sur-
vival advantages in forming colonial assemblies for part or all of their life
cycles; from these lineages, true multicellular organisms likely developed.

The cells composing a multicellular organism needed to develop an entire
repertoire of molecular machinery to interact and communicate with one
another, derived from precursors used by their unicellular ancestors. Adhe-
sion molecules were modified from less specialized precursors, as were sur-
face, cytoplasmic, and nuclear receptors. Signal transduction pathways that
relayed, amplified, or attenuated signals from the external environment to
the cell’s interior became more complex, allowing for a host of graduated
responses to external stimuli or the lack thereof. The genome of cells grew in
complexity, and new methods of controlling and regulating cellular division
and gene expression evolved, allowing for the new organisms to radiate
beyond the niches occupied by their unicellular cousins.

With multicellularity came the need for the individual cells within an
organism to regulate their growth, division, and gene expression in response
to both the external environment and signals from adjoining and distant
cells. Multicellularity allowed cells the potential to differentiate into increas-
ingly specialized forms, then to form tissues and organs—and even obligated
them to commit a form of cellular suicide in response to the proper signals
for the benefit of the survival of the organism. When the ancient control sys-
tems regulating the cells of a multicellular organism go significantly awry,
cancer is the result.

A brief overview of cellular information flow is necessary to understand
how malignancy can arise and the conceptual framework for its therapy.
Deoxyribonucleic acid (DNA) is the material encoding genetic information in
all living cells. DNA exists as immensely long sequences of purine bases—
adenine (A) and guanine (G)—and pyrimidine bases—thymine (T) and cyto-
sine (C). Each base is linked to a sugar (deoxyribose) and phosphate
backbone. By convention, the linkage of a base with a sugar molecule is
called a nucleoside (e.g., adenine + sugar = adenosine; similarly for guano-
sine, thymidine, and cytidine). The phosphorylation of a nucleoside yields a
nucleotide (e.g., adenosine monophosphate—AMP, diphosphate—ADP, or
triphosphate—ATP). Each sequence of DNA has a complementary sequence
coupled to it through hydrogen bonds acting across paired bases: Adenine
associates with thymine, and cytosine associates with guanine. From the
sequence of one strand, the sequence of its complementary partner can be
determined easily, as shown in Figure 4.1.
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As complementary sequences associate, they spontaneously wind into the
famous double helix described by Watson and Crick, which earned them the
Nobel Prize. More than 3 billion bases in the DNA sequence code for a
human being. These bases are packaged into 23 pairs of chromosomes carried
within the nucleus of almost every one of the 60 trillion cells in the body, with
each instruction set encoding an estimated 25,000 to 30,000 genes.
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Even though almost every human cell carries the entire instruction set to
build a human being, vast stretches of DNA are quiescent and inactive.
Some DNA is tightly coiled around small proteins, known as histones, silenc-
ing it; other stretches are modified by methylation of cytosine bases as a
silencing mechanism. Only the DNA that is necessary for each cell’s particu-
lar function is normally transcriptionally active. A common set of instruc-
tions is necessary for any nucleated cell: to synthesize proteins involved in
energy utilization, intracellular transport, membrane synthesis, and destruc-
tion of damaged structures. Other instructions tell the cell to become a cer-
tain subtype—for example, colonic epithelial, breast ductal, or cardiac
muscle. Certain cells are multipotent; that is, they are able to differentiate
into multiple types. For example, a hematopoietic stem cell is able to differ-
entiate into an array of cells to reconstitute the blood-forming tissues and
Immune system.

Transcriptionally active DNA is loosely packaged within the nucleus to
allow access for transcription proteins. Thus information encoded in the
DNA can be transcribed into short stretches of messenger ribonucleic acid
(mRNA), which then translocates to the cell’s cytoplasm, where it is trans-
lated into proteins the cell requires to function. An entire repertoire of addi-
tional proteins, nucleic acids, and organelles is necessary for this process:
gene enhancers, gene promoters, initiation factors, transcription factors,
RNA polymerases, topoisomerases, free RNA bases, transfer RNAs, and
ribosomes, just to start. Genes can be constitutively activated (i.e., always
“on” and being used to synthesize RNA and then protein), or they can be
switched on or off depending on the needs of the cell.

There are also times when cells must die for the benefit of the organism as
a whole. For example, during a certain period in utero, a fetus’s eyelids are
fused shut and its fingers are webbed. These states would impose a selective
disadvantage to a newborn infant. Particular instructions expressed in devel-
opment cause those extraneous cells to die off—a controlled, energy-requiring
process called apoptosis—at the right time to allow for the proper human
form to develop. Besides regulating development, apoptosis can occur as a
result of a cell’s failing to replicate properly, in response to other external
“death signals,” or when certain thresholds of cellular damage are exceeded,
especially damage to DNA. Repair enzymes constantly scan the genome,
excising mismatches in DNA bases and correcting them, replacing missing
bases that have spontaneously hydrolyzed off the sugar—phosphate back-
bone, and repairing single- and double-stranded breaks. The process is not
perfect, however, and mistakes occur, which is part of why cancer is usually
(but not always) a disease of aging, and probably part of why aging itself
occurs. Maintaining the fidelity of a sequence of 3 billion bases over decades
of life and use requires a great deal of cellular effort.
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When a cell is ready to divide, as dictated by its environment and genetic
program, it normally does so in a controlled fashion (Figures 4.2 and 4.3).
First, the cell moves from a relatively quiescent state called G, to a growth
phase, G, in which it enlarges its contents and synthetic pool of raw materi-
als (e.g., amino acids, ATP) and synthesizes the replication machinery. It
then moves to S (for synthesis) phase, where its DNA is replicated with the
aid of DNA polymerases and ligases (enzymes that link stretches of DNA), to
phase G,, preparatory to mitosis, the actual phase where division occurs.
Mitosis occurs in the familiar five-stage pattern:

1. Prophase: the condensation of loosely organized DNA into discrete
chromosomes.

2. Metaphase: where chromosomes line up in the center of the cell,
attached to a microtubule spindle apparatus that will separate them.

3. Anaphase: where the chromosomes are pulled to opposite poles of the
dividing cell.

4. Telophase: where the daughter cells” DNA starts to decondense and
new nuclear envelopes form around them.

5. Cytokinesis: where the cells finally separate and become independent
entities.

As with protein synthesis, this process is tightly regulated at checkpoints
during G,, allowing entry into the S phase, and at G,, allowing entry into

<1 hour

Rapid growth
and metabolic
activity;
4t06 and final centriole 81010
hours preparations replication hours
for cell division

Chromosome replication
(DNA synthesis)

6 to 8 hours

Figure 42  Mitosis
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mitosis. Failure to progress through these checkpoints, or through mitosis,
normally triggers apoptosis.

Not surprisingly given the complexity of the cell, both genetic errors and
dysregulation may occur. When a cell acquires a threshold amount of genetic
damage, it has the potential to become cancerous. The amount of damage can
be as small as a single gene, as happens with chronic myelogenous leukemia,
but is usually much larger. The cell may become semiautonomous, with
growth and replication pathways fixed in the “on” position, and the cell
becoming increasingly unresponsive to external signals that would normally
halt its division, cell-cycle checkpoints, and apoptotic signals telling it to
die. Note that this condition may not be frankly malignant—malignancy is a
continuum, not a binary condition—but the same genetic damage that allows
for release from normal growth restraints also tends to result in increasing
genetic instability with each cellular replication.

Over time, the premalignant cell can give rise to a family of closely
related subclones, each competing for resources to outgrow its competitors.
Eventually—and this may take many decades—one or more subclones may
gain a growth advantage over their neighbors and acquire first the ability to
avoid immune surveillance and elimination, then the ability to grow through
tissue compartments otherwise limiting them from access to surrounding
structures, then the ability to recruit blood vessels to bring oxygen and
nutrients and take away wastes, and finally the ability to metastasize—that
is, to send forth cells in the circulation and lymphatic system to implant
themselves in other tissues to grow. This is cancer.

Fundamentally, then, cancer is a collection of genetic diseases. Scientists
and physicians have made great strides in understanding and treating some
of these diseases, whereas other diseases have proved very resistant to all
forms of therapy to date. Surgery, radiation, and chemotherapy deployed in
different combinations have been the mainstays of treatment for decades,
supplemented by (for some diseases) hormonal therapy, immunotherapy with
monoclonal antibodies, and, most recently, rationally designed small-molecule
inhibitors of the signaling pathways driving a cancer’s growth.

Cancers are characterized according to their organ of origin (e.g., lung,
colon, breast), and their treatment and prognosis are guided by the degree of
advancement of disease at discovery, categorized into stages. Stages are usu-
ally defined based on a combination of tumor size, nodal involvement, and
presence or absence of metastases—the so-called TNM classification sys-
tem. For the example of breast cancer, a T1 tumor is 2 centimeters or less
and does not involve the skin or chest wall; a T2 tumor is greater than 2 cen-
timeters and not more than 5 centimeters and does not involve the previous
structures. N1 disease is present in fewer than four nodes, N2 in four to nine
nodes, and so on. Metastases are either absent (MO) or present (M1). Various
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TNM combinations are empirically grouped together, based on large data sets
that correlate to the prognosis of the disease: Stage I breast cancer is TINOMO;
stage Il can be TON1IMO, TIN1IMO, T2NOMO, T2N1MO, or T3NOMO. Unsur-
prisingly, the aforementioned five stage I breast cancers are not identical dis-
eases—what is it about a particular T1 tumor that allows it to spread to lymph
nodes at a small size, and why don’t all T3 tumors do so? A great deal of
research is directed toward unraveling the genetic basis for a particular can-
cer’s behavior and propensity to recur after definitive treatment.

As a general principle of solid malignancies, stage I disease is localized
and often curable by some form of surgery alone: Examples include a stage |
melanoma or a stage I colon cancer. Depending on the tumor type, adjuvant
therapy might be deployed, which is therapy designed to increase the
chances for cure after the primary surgical treatment. For example, small
breast cancers often are treated with lumpectomy alone, with consideration
given to using an individualized combination of chemotherapy, immunother-
apy, radiation, and endocrine therapy afterward, depending on the size of the
cancer, the receptors it expresses, the desire the patient has to retain the
breast, and the age and health of the patient.

Stage II and III disease usually involve tumors that have grown larger than
a certain size or have approached or invaded adjacent structures or have
spread to nearby lymph nodes—the specifics depend on the cancer type.
The prognosis for stage II and 111 disease is increasingly poorer than that for
stage I, and aggressive adjuvant therapy is often used to give the patient the
best chance for long-term disease-free survival after surgery.

Stage IV disease is usually metastatic; in other words, the cancer—
regardless of the primary tumor size or nodal involvement—has succeeded
in seeding itself in other organs or outside of lymph nodes in the vicinity of
the primary tumor. Stage IV cancer is usually not treated surgically for cure,
as undetectable micrometastatic disease generally coexists with radiologi-
cally apparent metastases. Instead, its treatment normally involves some
combination of chemotherapy and radiation (with immunotherapy and/or
hormonal therapy if the cancer is susceptible) delivered with palliative
intent, so as to improve survival or to reduce symptoms. Many exceptions to
this general system exist, however: Stage IV testicular cancer is usually
highly curable, and other stage IV cancers can occasionally be treated with
good results, especially if a long time has passed between treatment of the
primary malignancy and the appearance of a distant metastasis.

The staging system is somewhat different for the hematologic malignan-
cies that originate in lymphoid tissue or bone marrow and have immediate
access to the circulatory system. These conditions tend to be (but are not
always) disseminated diseases at the outset, as opposed to solid tumors.
Also, their treatment is rarely surgical; rather chemotherapy, immunotherapy,
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and radiation are deployed for cure or to relieve symptoms (refer to Chap-
ter 12).

Overview of Radiation Oncology

Radiation therapy is the clinical subspecialty in which cancer is treated with
high-energy photons or particles. These photons and particles deposit energy
into the patient’s tissues, resulting in biochemical reactions that cause cell
injury or cell death.>* Radiation oncologists prescribe radiation to patients in
units of energy per unit mass called a gray (Gy; 1 gray = 1 joule/kilogram
body weight). Radiation therapy has been used for more than a century to
treat cancer’ and is a critical component in curative protocols for many
patients with diverse diagnoses.® It is also widely used as a palliative meas-
ure for patients with advanced cancer symptoms such as pain, luminal
obstruction, and bleeding. Radiation causes characteristic side effects
depending on which tissues are being irradiated,” and these iatrogenic toxic-
ities can significantly affect the nutritional status of patients.

Historical Development of Radiation Therapy as a Major
Cancer Treatment

X-rays were first generated by electricity in the laboratory of Roentgen in
1895.2 Two years later, in 1897, a case using x-rays to treat a skin lesion was
reported at the Vienna Medical Society.” In 1898, Becquerel and the Curies
discovered radioactivity,” which is the ability of natural elements to emit
energy in the form of gamma rays or particles. The potential biologic conse-
quences of gamma rays were discovered accidentally when Becquerel left a
container with 200 mg of radium in his vest pocket for 6 hours and subse-
quently developed a chest wall ulcer, which took several weeks to heal.’
Physicians soon thereafter purified and concentrated radium and implanted
it adjacent to tumors in patients to treat head and neck, gynecologic, and
breast malignancies with high local radiation doses.!® This regimen ushered
in the practice of brachytherapy, which is described in greater detail later in
this chapter. Although x-rays and gamma rays come from different sources—
they are created from electrical devices and natural radioactive material,
respectively—both are highly energetic photons with identical properties.
Both sources of photon radiation are currently used in the treatment of can-
cers in radiation therapy departments.

In the 1920s, x-ray units were built to treat cancer patients with photon
energies of as much as 100-200 kilovolts.” This effort marked the beginning



Chapter 4 Medical and Radiation Oncology

of external beam radiation, also known as teletherapy. Due to complex physics,
higher-energy photon beams penetrate more deeply into tissues and deliver a
lower relative skin dose exposure than do low-energy photons. The early treat-
ment units resulted in very high skin dose exposures, causing skin erythma
(redness) and moist desquamation (blistering). These side effects limited the
tolerable total radiation dose deliverable to deep-seated tumors in the chest,
abdomen, and pelvis and, therefore, the effectiveness of radiation treatments.

In an effort to improve the efficacy and reduce the toxicity of radiation
therapy, higher-energy photon beams were required to reduce the skin dose
exposure and allow for higher doses of radiation to be delivered to tumors.
Cobalt-60 was concentrated to have a very high activity, and the first mega-
voltage (MeV) teletherapy units were built in the 1950s.> The cobalt units
used large quantities of high-activity cobalt-60, which reliably produced a
clinically stable high-dose rate beam with photon energies of approximately
1.25 MeV. They dramatically reduced the skin dose for patients, allowing
curative doses of radiation to be delivered to tumors deep within the body.
These units are still routinely used in many countries around the world owing
to their dependability and clinical utility—indeed, few other medical
devices can claim a 60-year lifespan with relatively few major changes.

In the 1950s and 1960s, the first linear accelerators were built to deliver
megavoltage radiation beams with even higher photon energy capabilities as
well as a new clinical option, the electron beam.® Electrons travel into tissues
to an energy-specific distance and then deliver essentially no dose to tissues
that are deeper within the body, with a rapid dose fall-off from 100% to 0%
dose over a span of 1-8 centimeters."! When used properly, linear accelera-
tors can be extremely useful for high-dose treatment of superficial tumors
such as head and neck cancers, breast cancers, and skin cancers while spar-
ing deeper tissues.”? During the 1950s and 1960s time period, which
included the Cold War, both the United States and the Soviet Union per-
formed a tremendous amount of scientific research to study the biologic
effects of radiation. Since the 1980s, most cancer patients in the United
States have been treated with linear accelerators, which are now capable of
producing photon energies in the range of 6-18 MeV photons.

Radiation therapy has advanced to the point of providing wide-scale pro-
ton particle beam units, a technology being pioneered at major universities
with large cancer centers.” Proton therapy is unique because of the ability of
the proton to penetrate deeply into tissues with relatively little dose being
delivered to entrance tissues; instead, it delivers its dose over the narrow dis-
tance range where the tumor lies without any dose being delivered beyond
that point. Therefore, proton beam treatments result in less radiation to adja-
cent organs and hold the promise of less treatment-related toxicity compared
to treatments delivered with photons.
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Radiation Biology: Biologic Effects of Radiation

The physical interaction of photons with biologic tissues lasts less than a
nanosecond and results in the photon either being absorbed and depositing
energy in the tissue, or passing straight through the patient without interaction
or energy delivery to the tissues.®* When high-energy photons are absorbed by
atoms in cells, they cause electrons to be knocked out of their atomic orbits
and to move, a process called ionization. These highly energetic moving elec-
trons cause DNA damage.” With this treatment method, the physical interac-
tion of radiation with biologic material is converted into biochemistry capable
of killing tumor cells and potentially injuring normal tissues. The basic bio-
logic rationale for treating tumors with radiation is that tumor cells are less
capable of repairing DNA injury and are preferentially killed compared to nor-
mal cells.” The physics and biochemistry of this interaction are completed in
less than a millisecond, well before the patient gets off the treatment table.

The subsequent biologic consequences of the radiation-induced biochem-
ical reactions on adjacent organs, or treatment-related toxicities, depend on
the total dose of radiation, the type of tissue or organ irradiated, and the vol-
ume of tissue treated.” The side effects are divided into acute and late toxici-
ties, based on when they develop. Acute toxicities generally occur during the
course of treatment or shortly thereafter, resolve within three months of com-
pleting treatment, and are related to temporary depletion of stem cells result-
ing in mucosal injury as well as congestion of the microvasculature resulting
in edema (swelling) and erythema.” Late toxicities occur three or more
months after the completion of treatment and are generally related to
reduced blood flow secondary to radiation damage to the microvasculature
and to reduced numbers of stem cells that are normally present for regenerat-
ing the mucosa and skin and for healing injured tissue. Both of these condi-
tions predispose patients to infection and ulceration and can lead to serious
late complications involving heavily irradiated tissues. Radiation can also
result in secondary cancers in the irradiated tissues, which can develop
years or even decades after treatment.

In general, the risk of acute and late radiation toxicity increases with
higher daily doses of radiation. To minimize this risk, radiation treatments
are usually divided into many smaller daily treatments, a strategy called
fractionated radiation therapy. Curative treatments are usually given on a
daily basis Monday through Friday over 3-8 weeks (depending on the total
dose of radiation to be delivered), with a daily fractionated dose of 1.8-2.0
Gy being delivered with each treatment. Each radiation treatment generally
takes 10-15 minutes per day.

Medications can be given to patients either to protect normal tissues from
the effects of radiation (radiation protectors) or to make the radiation more
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effective at killing cancers (radiation sensitizers), thereby resulting in
improved eradication of tumors. Currently the only FDA-approved radiation
protector is amifostine, which has been shown to reduce radiation injury to
the salivary glands."* Many chemotherapy agents are used as radiation sensi-
tizers. In fact, the combination of concurrent chemotherapy with radiation
(given at the same time), called chemoradiation, is considered the standard
of care for many brain tumors, head and neck cancers, lung cancers, gas-
trointestinal cancers, and cervical cancer.® For other tumors, such as breast
cancer and lymphomas, chemotherapy and radiation are given sequentially
(one and then the other) instead of concurrently.® The improvement in local
control provided by combining chemotherapy and radiation generally comes
at the cost of increased toxicity for patients compared to treatment with radi-
ation alone.

Modern Radiation Delivery Techniques

Radiation can be delivered to patients in one of three basic ways: telether-
apy, brachytherapy, or radioactive nucleotides.

The vast majority of patients are treated with teletherapy—that is, the use
of external beam units. With teletherapy, external beams of radiation are gen-
erated either by large amounts of cobalt-60 that create the beam via radioac-
tivity, or by photons that are electrically generated via a linear accelerator.
Protons are generated in a cyclotron or synchrotron. In this method of treat-
ment, the beam is created outside the patient and then is targeted to travel
into the patient and hit the tumor. The radiation beam can be collimated or
focused for various medical purposes. Wide beams are used to treat large-vol-
ume tumors or even for total body irradiation (TBI) prior to hematopoietic cell
transplantation. Very narrow radiation beams can be used to treat small, sub-
centimeter-sized tumors in the body; with this approach, one to five high-
precision ablative treatments are delivered, called stereotactic radiosurgery.'

Modern photon beam linear accelerators are built with arrays of paired
multi-leaf collimators consisting of thin 3- to 10-mm tungsten blocks that
can be independently moved to block portions of the radiation beam. These
blocks are used to create customized radiation treatments for individual
patients. Intensity-modulated radiation therapy (IMRT) utilizes many differ-
ent multi-leaf collimator positions and beam entry angles calculated by
sophisticated radiation treatment planning software to deliver highly focused
or conformal radiation treatments. With this approach, the high radiation
doses conform to the tumor-containing tissues and adjacent normal tissues
are spared, thereby minimizing toxicity.

Modern linear accelerators are also equipped with fluoroscopic or CT scan
capabilities built into the treatment units. This capability allows daily imaging
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prior to each treatment so as to ensure accurate treatment delivery, a process
known as image-guided radiation therapy (IGRT). Tumors in the lung and
abdomen, for example, move secondary to breathing. Some treatment units
are capable of tracking or synchronizing the radiation beam delivery with
patient breathing to ensure the accurate treatment of a moving tumor with the
least amount of adjacent normal tissue being irradiated. This process is
called respiratory gated radiation therapy.

Brachytherapy is the second way to deliver radiation therapy. It involves
physically implanting sources of high radioactivity into patients’ tissues or
body cavities via seeds, plastic catheters, and various applicators; these
sources then deliver high doses of radiation to adjacent tumors, with the
radiation dose rapidly falling off with distance from the source. Frequently
the placement of seeds or applicators is performed in the operating room as a
surgical procedure. Brachytherapy is further characterized by the dose rate,
with low-dose-rate (LDR) implants treating patients for hours or days and
high-dose-rate (HDR) implants treating patients for just a few minutes. Some
brachytherapy implants involve the permanent placement of radioactive
seeds into patients, such as prostate seed implants. Other brachytherapy
implants involve the temporary placement of radioactive sources into plastic
catheters or applicators, with all radioactive sources being removed upon
completion of treatment.

The third method of delivering radiation to patients is to treat them with
oral or intravenous unsealed radioactive nucleotides. Examples include oral
administration of iodine-131 for thyroid cancer, intravenous administration
of radioactive-labeled monoclonal antibodies to treat lymphoma (Bexxar®
and Zevalin®), and use of radioactive microspheres infused into the livers of
patients with tumors (TheraSpheres® or SIR-Spheres®). Radionuclide admin-
istration can occur in a radiation therapy department or in the nuclear medi-
cine and interventional radiology divisions of radiology departments.

Radiation Therapy Department Personnel

Radiation oncology departments include a diverse group of healthcare person-
nel working together as a team. These personnel may include radiation oncolo-
gists, oncology nurses, radiation therapists, medical physicists, dosimetrists,
clerical staff, social workers, and registered dietitians (RD).

A radiation oncologist is a physician specializing in the treatment of can-
cers with radiation. He or she is ultimately responsible for the safety and
welfare of the patients. In addition to prescribing the dose of radiation and
the tumor volumes in the patient to be treated, the radiation oncologist
is responsible for: ensuring that adjacent critical organs do not receive
excessive radiation, managing treatment-related toxicities, evaluating tumor
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response to treatment, and coordinating patient care with other oncology
specialists.

Oncology nurses perform initial and weekly patient assessment; identify
issues such as patient malnutrition, social problems, or psychiatric problems
that may interfere with treatment; and help coordinate consultations with
appropriate healthcare professionals to facilitate optimal care. They also
assist in brachytherapy procedures, give medications and infusions, and
maintain code carts and departmental medications.

Radiation therapists are specially trained to assist in the treatment plan-
ning simulation process and administration of daily radiation treatments.
Medical physicists ensure that treatment units and brachytherapy sources
are properly calibrated and maintained; they also commission all new equip-
ment and review all treatment planning calculations to verify their accuracy
prior to treatment. Dosimetrists run the treatment planning software and
work with physicians to create individualized radiation treatment plans
based on the prescribed dose to the tumor volume and the dose constraints to
adjacent critical organs. The clerical staff is involved in scheduling, process-
ing insurance preauthorization, and maintaining departmental charts. Social
workers help solve complex social problems such as transportation difficul-
ties, childcare requirements, requirements for local temporary housing, lack
of insurance requiring application for Medicaid and/or disability benefits,
and, in general, they work to mitigate the potential negative impacts of these
issues on patient care.

Registered dietitians meet with patients initially, and in an ideal setting,
they perform weekly follow-up assessments. The RD assesses the patient’s
nutritional status, changes in the patient’s caloric requirements, the need for
tube feeding, and refeeding risks. He or she frequently works with the social
worker to obtain nutritional supplementation if patients cannot afford to pay
for these products.

Radiation Oncology Work Flow

The patient care process for most cancer patients undergoing radiation ther-
apy is a fairly standard one. Patients undergoing radiation therapy are first
registered by the clerical staff and then undergo a consultation including an
initial assessment by the oncology nurse and a complete history and physical
by the radiation oncologist. In general, patients are seen in the radiation
oncology department, although hospitalized patients may be seen in consul-
tation in their hospital rooms. Social workers and RDs may then be asked to
see patients for assessments.

If it is determined that the patient would benefit from external beam radi-
ation therapy, the patient is scheduled to undergo a treatment planning
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simulation. This procedure generally consists of a special CT scan per-
formed by the radiation therapists and radiation oncologists in which person-
alized immobilization equipment is used to ensure reproducible daily
treatment setup. It is called simulation because the patient immobilization
and positioning simulate how the patient will be treated on the actual treat-
ment unit. In the simulation, the physician uses a laser to place marks or tat-
toos on the patient or marks the immobilization equipment to guide daily
patient alignment prior to treatment. PET, CT, or MRI scans may also be
used for treatment planning simulation.

Following simulation, the patient goes home, and the physician digitally
contours or draws the target volumes for radiation treatment and the adjacent
critical organs on the simulation scan, prescribes a target tumor dose, and
places constraints or limits for the maximum radiation dose to be received by
adjacent critical organs. The dosimetrist then uses this contoured treatment
planning CT scan and the tumor prescription and adjacent organ dose con-
straints to create an individualized treatment plan for each patient. The
physician approves the dosimetrist’s plan if it meets all the required criteria,
and the medical physicist checks the plan for accuracy and performs all nec-
essary quality assurance tests to ensure safe delivery of the plan. The plan is
then imported into the treatment unit software, and the radiation therapist
subsequently uses this information for daily patient treatment. In total, this
radiation planning process generally takes three to five days.

Modern treatment units have imaging capabilities that are used by radia-
tion therapists and physicians to ensure that the patient setup maintains mil-
limeter accuracy on a daily basis. Special consideration must be given to
pediatric patients, such as construction of specialized immobilization equip-
ment or even the need for daily anesthesia, to make treatment possible for
small children and infants. During the treatment course, the patient is seen
at least once a week for toxicity assessment and management and assessment
of tumor response by the physicians and nurses. Ideally, a RD also sees the
patient weekly to assess his or her nutritional status and the need for inter-
vention with supplementation or enteral feedings. Following completion of
the course of radiation, the patient is followed by the healthcare team to
manage the acute and then late treatment-related toxicities, for evaluation of
tumor response, and for surveillance of tumor recurrence.

Radiation therapy may be given with the intention of curing patients of
their cancer and is frequently combined with surgical resection and/or
chemotherapy. In contrast, palliative radiation is used to reduce symptoms
such as bleeding, obstruction, or pain, with the twin goals of minimizing
distressing symptoms and improving quality of life. Curative treatment
courses frequently last three to eight weeks, whereas palliative treatment
courses last one to two weeks.
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Standard curative external beam radiation prescriptions for common
tumors have been developed based on the optimal dose to cure a given tumor
and the dose limitations of adjacent organs. Table 4.1 lists common tumors,
standard external beam radiation prescription doses, and treatment dura-
tions, and identifies whether concurrent chemotherapy is administered for
the most commonly treated adult tumors.

Overview of Medical Oncology

Physicians have attempted to treat cancers with pharmacologic agents for
millennia, almost entirely without success until the last century.'"® Early
successes in the prevention and treatment of bacterial diseases in the nine-
teenth century led researches to hypothesize that malignancies could be
treated with chemical compounds as well. During World War I, young men

Table 4.1  Frequently Used Radiation or Chemoradiation Treatment

Regimens for Common Adult Malignancies

Common External Beam
Cancer Prescribed Treatment Concurrent
Primary Site Dose (Gy) Duration Chemotherapy
Breast 60-66 Gy 6 weeks No
Prostate 72-78 Gy or 7-8 weeks No (hormonal—yes)
brachytherapy 5 weeks
implant
Lung 60-74 Gy 6-7.5 weeks Yes
Head and neck 60-72 Gy 67 weeks Yes
Gastrointestinal 50-56 Gy 5-6 weeks Yes
Gynecologic 45-50 Gy + 5 weeks Yes
brachytherapy
implant
Brain 50-60 Gy 5-6 weeks Yes
Sarcoma 60-74 Gy 6-7.5 weeks No
Lymphoma 30-50 Gy 3-5 weeks No

Source: Treatment recommendations data from National Comprehensive Cancer Network clinical
practice guidelines in oncology. © 2008 National Comprehensive Cancer Network, Inc.
http://www.ncen.org.
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exposed to mustard agents (named for their odor) were sometimes found to
have a paucity of normal bone marrow cells at autopsy.” In the early 1940s,
Gilman and Philips conducted studies of nitrogen mustard derivatives in
patients with lymphoma. Their work was spurred by a 1943 German air attack
on U.S. ships—one of which was loaded with mustard agents—at the port of
Bari, Italy, which injured hundreds of seamen, soldiers, and civilians who were
exposed to the gas, and caused the deaths of dozens of people. The survivors
were found to develop lymphoid and myeloid bone marrow suppression.

Gilman and Philips” work was classified at the time it was being con-
ducted, as was the release of chemical weapons in Italy. Nevertheless, the
line of research they began led to a publication in 1946 by Goodman and
colleagues containing the first description of the use of recognizably modern
chemotherapy in humans.” This work was quickly followed by break-
throughs in treating certain leukemias with the antifolate agent methotrexate,
and the first cure of a cancer (choriocarcinoma) with this compound. The
growth of knowledge in molecular biology over subsequent decades has led
to increasingly effective and less toxic interference with different cellular
processes using chemotherapy.

Traditional cytotoxic chemotherapy agents can be categorized by the
mechanisms used to interrupt cell division and cause cell death (see Table
4.2). Classical alkylators include mechlorethamine, cyclophosphamide, and
ifosfamide, all of which are descendants of the original mustard agents.
These compounds bind directly to DNA, either causing cross-links across
complementary strands or within the same strand, and resulting in irrepara-
ble damage and preventing the proper unwinding of DNA during replication
or gene expression. Chemically unrelated compounds with similar mecha-
nisms of action include the platinum agents. The first platinum agent was
cis-diaminodichloroplatinum (CDDP), also known as cisplatin, which is used
frequently to treat lung cancer. Its cousins, oxaliplatin and carboplatin, are
often used in combination with other agents to treat colorectal cancer and
lung cancer, respectively.?

Nucleoside analogs are compounds that chemically resemble the con-
stituent bases of DNA or RNA. The prototypes of this class of compounds
are 6-mercaptopurine, which is used to treat certain types of leukemia, and
S5-fluorouracil (5-FU), which was synthesized more than 50 years ago as an
analog of uracil; uracil is an RNA base and a substrate for thymidine synthe-
sis. A relatively new compound, capecitabine, is an oral agent that is con-
verted to 5-FU within the body; it is increasingly being used to replace
infusional 5-FU. Other pyrimidine nucleoside analogs include gemcitabine
and cytarabine. Purine nucleoside analogs commonly used in cancer therapy
include fludarabine, 2-chlorodeoxyadenine (2-COA), and pentostatin. These
compounds work against cancer cells in different ways. For example, they
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Table 42  Representative Types of Chemotherapeutic Agents in
Common Use

Class Examples Mechanisms of Action
Alkylators Cyclophosphamide, ifosfamide, Bind directly to DNA, resulting in
platinum agents irreparable damage and preventing the

proper unwinding of DNA during
replication or gene expression

Nucleoside 5-Fluorouracil, capecitabine, Become incorporated into a growing
analogs gemcitabine, cytarabine, DNA sequence, causing chain
fludarabine, 2-CDA, pentostatin termination and triggering apoptosis;
alternatively, inhibit enzymes involved
in DNA and/or RNA synthesis

Topoisomerase  Etoposide, topotecan, Interfere with enzymes involved in
inhibitors irinotecan uncoiling DNA to allow for replication
and gene expression

Microtubule Paclitaxel, docetaxel, Prevent assembly or disassembly of

inhibitors vinorelbine, vinblastine microtubules necessary for mitosis

Multifunctional Daunorubicin, idarubicin, Free radical generators; physically
doxorubicin interfere with DNA replication;

topoisomerase inhibition

Tyrosine kinase Imatinib, erlotinib, sunitinib, Bind to proteins involved in cellular
inhibitors sorafenib signaling

Monoclonal Rituximab, bevacizumab, Bind to proteins involved in cellular
antibodies cetuximab signaling, activate the immune system

against target cells

become integrated into a growing DNA sequence, causing chain termination
and triggering apoptosis. Some also competitively inhibit enzymes involved
in DNA or RNA synthesis, arresting the cell’s ability to replicate or produce
needed proteins from messenger RNA.

In contrast to chemotherapeutic agents that inflict direct damage on DNA,
the topoisomerase inhibitors block enzymes involved in DNA uncoiling. As
an illustration of this principle, picture a double helix that is fixed on both
ends. Pulling on the strands in the middle to uncoil and separate them, as
must occur during DNA replication or gene expression, increases coiling
both upstream and downstream of the separation point; it also increases ten-
sion on the strands. Topoisomerases are enzymes that induce single- or
double-stranded breaks in DNA upstream and downstream of an uncoiled
region, allow the strands to rotate to relieve the tension, and then anneal the
break. Not surprisingly, compounds have been developed to interfere with
these enzymes. Etoposide (used to treat testicular and lung cancer), topotecan
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(used for lung and ovarian cancer), and irinotecan (used in lung cancer)
are all topoisomerase inhibitors that are commonly used as chemothera-
peutic agents.?

Other compounds have multiple functions. For example, the anthracycline
antibiotics, which include doxorubicin and epirubicin (often used to treat
breast cancer), are derived from natural antibacterial compounds. These
compounds posses topoisomerase-inhibiting activity, but also interact
directly with DNA to hinder its replication; in addition, they are free radical
generators of other DNA-damaging species.?

A wide array of agents has been developed to interfere with cytoplasmic
processes outside the cell’s nucleus, including the taxanes paclitaxel and doc-
etaxel. Taxanes bind to and stabilize microtubules, and prevent the dynamic
changes necessary for the spindle apparatus to accurately separate chromo-
somes during mitosis, inducing mitotic arrest and apoptosis. The taxanes’
cousins, vinca alkaloids (e.g., vincristine, vinblastine, and vinorelbine), have
the opposite effect: They prevent the synthesis of microtubules from tubulin
monomers, with similar catastrophic effects on cellular division.?

Besides the development of new cytotoxic agents, another major advance
in treating malignancies over the last decades has been the combination of
agents with different mechanisms of action and non-overlapping toxicities to
minimize the chances for cancer cells developing resistance to treatment.
This approach led to curative regimens for Hodgkin’s lymphoma and child-
hood acute lymphoblastic leukemia in the 1960s. With rare exceptions, mod-
ern chemotherapy regimens deployed for cure rely on two or more agents for
maximum effectiveness.”

Traditional cytotoxic chemotherapy acts on the replicative machinery of a
cell. Other cellular processes have now been sufficiently characterized to
allow for the development of agents to disrupt them. The prototype for these
compounds is imatinib, which was developed to treat chronic myelogenous
leukemia (CML). The genetic defect in CML arises from a translocation
between chromosomes 9 and 22, giving rise to an abnormal stretch of DNA
called the Philadelphia chromosome. A particular gene product of the
Philadelphia chromosome is the chimeric protein BCR-ABL. BCR-ABL is
the fusion product of two genes, ber and abl, which normally do not interact.
The fusion protein is constitutively active and drives the cell containing it
to replicate without end, giving rise to CML. If CML is left untreated, addi-
tional genetic errors accumulate over the course of several years, and the
disease moves first to an accelerated phase, then an acute leukemic phase
that is usually rapidly fatal. Imatinib binds to the BCR-ABL protein, pre-
venting its activity and causing the death of the cell by means of a still-
unclear process.? An entire cohort of agents targeted against specific
cellular proteins involved in intracellular signaling has been developed
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since imatinib, and these drugs are becoming increasingly important in
treating cancer.

Monoclonal antibody-based therapy against cell-surface proteins is another
area under development. Monoclonal antibodies work in a variety of ways.
Some trigger the immune system to destroy the malignant cells by antibody-
dependent cellular cytotoxicity (ADCC), which recruits natural killer cells and
macrophages to the tumor. Others cause the deposition of complement proteins
(complement-dependent cytotoxicity [CDC], a form of innate immunity), which
leads to the death of the targeted cell. Still other monoclonal antibodies indi-
rectly downregulate the cell’s growth by activating or inhibiting signaling path-
ways, possibly potentiating the effectiveness of cytotoxic chemotherapy. The
prototypic monoclonal antibody agents are rituximab and trastuzumab. Ritux-
imab is directed against the protein CD20, which is expressed on normal B
lymphocytes as well as on the B cells of malignant disorders. Trastuzumab
works against HER-2, a cell-surface protein that is expressed on certain breast
cancers and portends very aggressive behavior of the cancer. The use of
trastuzumab has dramatically improved the treatment of this type of breast
cancer, providing approximately a 50% relative reduction in the relapse risk
after local treatment and chemotherapy. Another extremely promising agent of
this type is bevacizumab, which is an antibody to circulating vascular endothe-
lial growth factor (VEGF). Bevacizumab binds to VEGF, clearing it from the
circulation and decreasing the rate at which a malignancy can recruit new
blood vessels to supply its growth needs.?

Not surprisingly, other classes of agents are in use or in development for
cancer therapy. Examples include histone deacetylase inhibitors and
hypomethylating agents, which alter genetic expression directly, by activat-
ing genes that have aberrantly become silenced during the process of car-
cinogenesis.” %

The complexity of modern cancer therapy reflects both the difficulty and
the advances in treating the heterogeneous collection of diseases lumped
together as cancer. A full review of all the types of pharmaceutical agents
now being deployed or being developed to work against malignancies is
beyond the scope or purpose of this text. Nevertheless, the growing number
of agents active against cancer is testament to the progress that has been
made over the last 60 years.

Oncologists are often asked why it is so difficult in many cases to treat or
cure advanced malignancy, especially when compared to other superficially
similar conditions, such as infectious diseases. The answer is that the rogue
cells of cancer arose from normal cells around them, and the differences
between the cancerous cells and healthy ones are not enormous. Both can-
cerous cells and healthy cells make use of the same cellular processes to sur-
vive, grow, and replicate, and most of our current therapies are limited by the
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toxicity to normal cells, and thus to the organism as a whole. Bacteria, in
contrast, have been evolving apart from humans for billions of years, and
their cellular machinery is much more vulnerable to our treatments—not
only because it is less complex and redundant than our own cellular machin-
ery, but also because it is evolutionarily divergent, allowing us to develop
agents that are extremely toxic to bacterial processes yet relatively innocu-
ous to the human body.

The final goal of chemotherapy is to cure cancers at any stage with a mini-
mum of toxicity—or better still, to prevent them from occurring in the first
place. Until this goal can be achieved, an interim step that many scientists
and oncologists are working toward is to convert advanced cancers into man-
ageable chronic diseases. Toward that end, the medical oncologist has a
number of increasingly effective tools at his or her disposal. Cytotoxic
chemotherapies have been used for decades and are still being developed,
but as the understanding of cellular processes evolves, the ability to exploit
the differences between malignant and healthy cells will advance as well.

Nutritional Implications of Medical and
Radiation Oncology

Advancements in cancer therapies achieved over the past two decades
have led to better treatment outcomes and improved survival rates for many
cancers.” However, side effects associated with cancer treatments continue
to afflict patients during these treatments and beyond. Many side effects
are nutrition related and should be managed as soon as possible. Today,
many patients receive treatments with combined radiation and chemother-
apy, and such treatments can cause significant weight loss in as many as
70% of patients.?

Regardless of cancer diagnosis, unintentional weight loss of more than
5% predicts a poor prognosis even after adjusting for performance sta-
tus.? It is well accepted that malnourished patients with cancer are more
likely to have infections and treatment toxicities with associated increases
in healthcare costs and decreases in treatment response.? Today, quality
of life is paramount as more patients are being treated, but not necessarily
with the goal of obtaining a cure. Because malnutrition can significantly
influence response to treatment, it should be the goal of all RDs working
with cancer patients to provide tailored nutritional interventions through-
out cancer treatment and into survivorship to maximize quality of life.
Other clinicians should screen and refer patients at nutritional risk to the
RD for individualized care.



m Chapter 4 Medical and Radiation Oncology

Nutritional Implications of Radiation Therapy

Radiation therapy is widely used to treat a number of malignancies, includ-
ing those affecting the lung, head and neck, brain, cervix, prostate, gastroin-
testinal tract, and breast. As mentioned earlier in this chapter, high-dose
radiation is delivered via radiotherapy, brachytherapy, or radiopharmaceuti-
cal therapy. Radiation therapy is given in precise, fractionated doses to the
site of disease. Despite this narrowing of the scope of therapy, radiation
affects healthy tissue, in addition to cancer cells, in the targeted treatment
field it is given. Radiation to any part of the gastrointestinal tract or pelvic
area, for example, leaves a patient vulnerable to nutrition-related side effects
(see Table 4.3).%

Radiation to the cervix, colon/rectum, stomach, and pancreas can lead to
side effects of nausea, vomiting, and diarrhea. Medically, diarrhea is typi-
cally managed with antidiarrheal medicines such as Imodium® (loperamide
hydrochloride) and Lomotil® (diphenoxylate/atropine). Bulk-forming agents
such as psyllium (Metamucil®) and the amino acid glutamine may also be
used alongside these medications.® According to the American Dietetic
Association’s (ADA) Oncology Evidence Analysis guidelines, glutamine has
not been proven effective to reduce radiation-associated diarrhea, and its
usage warrants further study. In addition, limiting dietary fiber, lactose, and
spicy foods is sometimes helpful to decrease symptoms of bloating, cramp-
ing, and diarrhea. In some patients, radiation enteritis can develop as an
early (developing within two to three weeks of treatment) or late (several
weeks, months, or years after the end of treatment) side effect. In severe
cases, malabsorption of nutrients and severe fluid losses can occur. In those

Table 43 Acute Nutrition-Related Side Effects of Radiation®*
Area in Which Radiation is Applied Nutrition-Related Side Effects

Central nervous system Fatigue, hyperglycemia associated with
steroids
Head/neck/thorax Mucositis, stomatitis, thick saliva,

xerostomia, loss of taste, altered taste,
dysphagia, odynophagia, esophagitis, nausea
and vomiting, fatigue

Abdomen/pelvis Nausea, vomiting, diarrhea, gas,
malabsorption, lactose intolerance, fatigue

Sources: Unsal D, Mentes B, Akmansu M, et al. Evaluation of nutritional status in cancer patients
receiving radiotherapy: A prospective study. Am J Clin Oncol. 2006;29:183-188; Chencharick JD,
Mossman KL. Nutritional consequences of the radiotherapy of head and neck cancer. Cancer.
1983;51:811-815.
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patients who develop severe enteritis, the use of nutrition support is often
warranted to treat severe weight loss and vitamin/mineral deficiencies.”

Cancers of the head and neck and thorax treated with radiation therapy
are associated with many nutritional challenges.®® Many patients have tumors
that physically prevent eating or limit intake, and many patients have a his-
tory of heavy alcohol and tobacco abuse, which further compromises nutri-
tional status prior to treatment. Given that radiation fields involve rapidly
dividing tissues, this population may experience significant mucositis, stom-
atitis, xerostomia, thick saliva, altered taste and smell, dysphagia, and nau-
sea and vomiting. The incidence of malnutrition in this population is
common, with as many as 57% of patients with head and neck cancer experi-
encing weight loss before starting radiation.

Today, multimodality (radiation therapy and concurrent chemotherapy)
treatment is being used more often for these malignancies. The increased
toxicities associated with such therapy can cause significant weight loss,
which can in turn lead to frequent treatment interruptions, hospital or emer-
gency room admissions for hydration and nutritional support, and, most
importantly, decreased treatment response. Many cancer centers routinely
place percutaneous gastrostomy tubes in patients who receive concurrent
chemotherapy and radiation. Such early and aggressive nutrition interven-
tion has been shown to decrease weight loss and deterioration of nutritional
status in these patients.”

Most side effects associated with radiation therapy are acute, beginning
around the second to third week into the course of radiation treatment, and
then declining two to three weeks after the completion of treatment. Regard-
less of the body area being treated with radiation therapy, universal side
effects include fatigue, loss of appetite, and skin changes. Some side effects
become chronic, such as with radiation enteritis or osteonecrosis, and may
last weeks to months beyond the completion of treatment.*

Nutritional Implications of Chemotherapy

More than 90 chemotherapy agents are used to treat a variety of cancers.*
Chemotherapy agents are classified based on their mechanism of action and
are administered either intravenously or in the form of an oral drug.
Chemotherapy treatments may take minutes or hours. Certain chemotherapy
agents have more toxic effects on kidney and liver function owing to their
elimination or metabolism pathways. These regimens require aggressive
hydration and hospital admission to carefully monitor vital signs and deliver
intravenous fluids along with the chemotherapy. Chemotherapy can be
given as one single agent or a combination of agents, depending on the type
of cancer. Chemotherapy given concurrently with radiation is the standard
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of care for a variety of cancers. Patients receiving such treatments experi-
ence more severe side effects and, therefore, must be considered at high
nutritional risk.*

Because chemotherapy is a systemic treatment, it affects the entire body.
As a consequence, it has the potential to cause more side effects than radia-
tion therapy or surgery alone.?* The side effects associated with chemother-
apy typically depend on the specific treatment regimen, including the dose
of medication(s), the length of planned treatment, and the patient’s stage of
disease and health status. Normal gastrointestinal function may be affected
by damage to the cells lining the digestive tract, leading to nausea, vomiting,
diarrhea, and altered gastric motility. Chemotherapy drugs are graded for
their emetogenic potential, and a variety of medicines are used to mitigate
treatment-related nausea and vomiting, including Compazine® (prochlorper-
azine) , Emend® (aprepitant), and Zofran® (ondansetron).**

When faced with gastrointestinal side effects, patients benefit from educa-
tion on low-fat, bland foods that are easily digested. Dry toast, broth-based
soups, fresh fruit, and Popsicles are some examples of foods that are better
tolerated during periods of nausea and vomiting. Small, frequent snacks are
encouraged, rather than the typical three meals per day, as many patients are
overwhelmed at the sight of food and become anorexic. Oftentimes, patients
benefit from being given a written meal schedule including meal/snack
times, sample foods, and amounts needed. Some may benefit from setting a
kitchen timer or a watch alarm to sound when the next snack time ap-
proaches. Patients with anorexia or little caregiver support find this strate-
gy particularly helpful. Providing information on daily calorie requirements
is often too intense for the patient, whereas giving patients approximate
amounts of foods to be eaten, 6-8 times daily, is more realistic and helpful
for obtaining adequate calories. If counseling interventions alone are not
helpful, appetite stimulants should be considered. Patients must also be
counseled on appropriate fluid intake to prevent dehydration.*

It is crucial to reassess patients often to assure adequate control of nau-
sea and vomiting with nutrition and medication interventions. Weight loss
can be significant in patients who follow the correct dietary modifications,
yet do not receive adequate medical management of symptoms. Regular
weight checks at each chemotherapy or oncologist appointment are needed
to document progressive weight loss. In some cases, the doses of chemother-
apy drugs may be reduced or the drugs changed if the toxicity of nausea and
vomiting is severe.***

Myelosuppression is another significant side effect of many chemotherapy
drugs. Decreases in the number of white blood cells, red blood cells, and
platelets leave patients at higher risk for infections, anemia, and bleeding.*
In most cases, blood cell counts return to normal approximately 21-24 days
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after chemotherapy. Severe neutropenia, however, increases a patient’s sus-
ceptibility to life-threatening infection.** The oncology RD should counsel
patients and caregivers on the importance of cooking meats well, avoiding
foods past their expiration date, and washing fruits and vegetables thoroughly
during this time period. Dietitians must monitor patients for diet adequacy as
some patients—being fearful of infection—may limit their food intake unnec-
essarily. Anemia associated with chemotherapy may be treated with erythro-
poietic factors to improve red cell return to the bone marrow.** Oncology RDs
are frequently asked if there are particular foods or dietary supplements that
can hasten the return of bone marrow cells. Patients need to be encouraged to
consume adequate calories and protein to facilitate recovery of their bone
marrow cells. Any patient with inadequate intake will suffer immune dysfunc-
tion, and this will impair recovery of the bone marrow post chemotherapy. Due
to limited evidence-based research for many dietary supplements, use of
these supplements is typically discouraged for this purpose.”

Altered taste is another common side effect of chemotherapy, and is associ-
ated most commonly with treatment consisting of cisplatin, carboplatin,
cyclophosphamide (Cytoxan®), doxorubicin (Adriamycin®), 5-fluorouracil (5-FU),
and methotrexate.** The use of antifungal medicines for treatment-induced
thrush worsens alterations in the sense of taste, as do some antidepressants
and analgesics.”” Attention to meticulous mouth care (brushing, flossing,
mouth wash or baking soda rinses) is often helpful to reduce offending tastes.
Also, using plastic utensils is often effective to reduce the “metallic” taste
many patients report with platinum-based chemotherapies.* Ongoing and
aggressive counseling is necessary to recommend less offending foods and lig-
uids. For some patients, using a straw with liquids is helpful to limit exposure
of the liquid on the tongue. Others complain that the altered taste is more pro-
nounced after swallowing. Patients must be encouraged to persevere in finding
less offensive foods to maintain caloric intake. Many patients must have a
feeding tube placed to avoid severe weight loss.

Table 4.4 provides a summary of recommendations for managing nutrition-
related side effects of chemotherapy.

The side effect of cancer treatment universally reported by patients is
fatigue.*** For some, this fatigue is debilitating and unrelenting. After ruling
out anemia and other possible causes such as pain and depression, RDs can
assess their patients’ diets for adequate calories, protein, and fluid, and pro-
vide appropriate counseling.*"

Ongoing nutritional intervention throughout cancer diagnosis and treat-
ment can prevent or decrease complications and the severity of side effects.?
Maintaining good nutritional status and a healthy weight during treatment
increases the likelihood of successful treatment completion. Indeed, the
identification of nutritional problems and implementation of interventions for
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Table 4.4 Nutritional Management of Treatment-Related Symptoms

Side Effect Strategy

Nausea/vomiting/poor ~ Clear liquids taken in small amounts; high-carbohydrate foods
appetite such as fruit and Popsicles. Set meal patterns/schedules to
provide 6-8 small meals/snacks daily.

Thickened saliva Seltzer and tonic waters, papaya nectar may help thin
secretions; increased fluid intake; Consider guaifenesin
(Mucinex®).

Diarrhea Avoid high-fat foods; avoid dairy if it worsens diarrhea. Eat
bananas. Consider soluble fiber supplements such as
Benefiber®.

Weight loss Eat smaller, frequent scheduled meals with nutrient-dense
foods. Use calorie/protein supplements.

Neutropenia Encourage safe food preparation/handling/cooking to avoid
food-borne infections. Ensure adequate calorie/protein intake to
support weight maintenance.

Altered taste Provide regular dental care (brushing/flossing), and use baking
soda/water rinses. Use plastic eating utensils if metallic taste is
bothersome. Use sugar-free mints/candies or gum; use
sauces/marinades on meats; try colder foods versus warm foods;
use straws with liquids.

Fatigue Assure adequate calorie, protein, and fluid intake; engage in
activity as tolerated.

Sources: Byron J. Nutrition implications of chemotherapy. In: Elliott L, Molseed LL, McCallum PD,
Grant B, eds., The Clinical Guide to Oncology Nuirition. 2nd ed. Chicago, IL: American Dietetic Asso-
ciation; 2006:72-87; Fishman M, Mrozek-Orlowski M, eds., Cancer Chemotherapy Guidelines and Rec-
ommendations for Practice. 2nd ed. Pittsburgh, PA: Oncology Nursing Press; 1999; Camp-Sorrell D.
Chemotherapy: Toxicity management. In: Yarbro, MH, Frogge MH, Goodman M, et al, eds., Cancer
Nursing: Principles and Practice. 5th ed. Sudbury, MA: Jones and Bartlett; 2000:412-455.

nutrition-related symptoms have been shown to stabilize or reverse weight
loss in patients with cancer.” If a patient is unable to tolerate therapy due to
side effects, the intent of treatment, whether curative or palliative, is com-
promised. The goals of nutritional care for all patients receiving chemother-
apy or radiation therapy should include preserving lean body mass,
preventing or reversing any known deficiencies, minimizing nutrition-related
side effects, improving tolerance to treatment, protecting immune function,
and maximizing quality of life.*

Patients receiving chemotherapy and radiation therapy should be
screened for nutritional risk as soon as possible after their initial diagnosis
(see Table 4.5). Those deemed to be at nutritional risk must be assessed and
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Table 45  Nutritional Screening and Assessment Parameters

Anthropometrics Laboratory Values

Weight Albumin

Height Complete blood count

Body mass index (BMI) Serum electrolytes, creatinine, blood urea nitrogen
Recent weight changes Liver function tests

Usual body weight Micronutrient levels

Patient History Physical Findings

Diet history Muscle and fat stores

Pertinent medical history Oral health

Medicine/supplement usage Skin appearance

Gastrointestinal symptoms

Sources: Blackburn GL, Bistrian BR, Maini BS, et al. Nutritional and metabolic assessment of the hos-
pitalized patient. J Parenter Enteral Nutr. 1977;1:11-22; McCallum PD. Nutrition screening and
assessment in oncology. In: Elliott L, Molseed LL, McCallum PD, Grant B, eds., The Clinical Guide to
Oncology Nutrition. 2nd ed. Chicago, IL: American Dietetic Association, 2006:44—53.

followed throughout treatment according to their needs.* Screening includes
reviewing a patient’s height, weight, any recent weight loss or gain in relation
to usual body weight, current dietary intake, labs, and any significant nutrition-
related symptoms. Nutrition assessment then assigns a level of nutritional
risk reflecting the patient’s nutrient needs and the plan to manage the prob-
lem or improve symptoms.

Currently, a number of tools are available to help the oncology RD assess
patients.”! These include institution-specific guidelines, Subjective Global
Assessment (SGA) and the Patient-Generated Subjective Global Assessment
(PG-SGA).”2% The PG-SGA is a validated tool for use in the oncology popu-
lation that allows the RD to measure nutritional status and then to track
changes in status, based on nutritional intervention, over a short period of
time.*>* The form consists of one part to be completed by the patient or care-
taker, including questions related to weight history, recent eating patterns,
nutrition-related symptoms, and functional status. After the patient or care-
taker fills out the form, the RD or other member of the healthcare team eval-
uates the patient for weight loss, disease status, and metabolic stress. Next, a
nutrition-related physical exam is performed looking for visible nutritional
deficiencies, and the need for nutritional involvement is quantified by
assigning a score to the patient. Patients deemed at significant nutritional
risk are counseled and monitored closely throughout treatment and into
recovery.

A system such as the PG-SGA requires a multidisciplinary commitment to
the nutritional care of patients. In the face of today’s nursing shortage, many
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clinics have difficulty implementing such a thorough screening tool. In some
cases, the oncology RD must identify patients at nutritional risk via his or
her own screening methods and institution-specific criteria. This can be
accomplished by attending patient rounds and tumor boards, or being avail-
able during certain clinic times to identify patients at nutritional risk.

Determining the nutritional needs of patients receiving chemotherapy
and/or radiation therapy can be done using a variety of methods." Most RDs
are quite familiar with the Harris—Benedict equation (HBE),*” which uses a
patient’s height, weight, age, and sex to determine resting energy expendi-
ture. Activity or stress/injury factors are also integrated into this equation to
give the final tally of calories needed daily. Compared to indirect calorime-
try, HBE often overestimates calorie needs for many patients. Of note, one
study found that HBE underestimated the resting energy expenditure of
patients with head and neck cancer receiving radiation therapy when com-
pared to indirect calorimetry.*

Although indirect calorimetry is a well-established method of determining
energy needs of patients, it requires the use of equipment that is more often
used and housed in the inpatient/critical care setting. Many cancer centers
do not have access to this equipment. Recent studies have validated the use
of Mifflin—St. Joer formula to more accurately assess the energy expenditure
of healthy outpatients,* but this formula has not yet been validated in oncol-
ogy patients or acutely ill individuals.

In the end, dietitians must use clinical judgment when assessing the calo-
rie needs of cancer patients. And, because calorie needs can and do change
throughout the course of therapy, it is important to track weights in relation
to caloric intake to assess whether goals are being met or need to be
changed. Current treatment intensity, the patient’s general health, and per-
formance status at the start of treatment should be considered when estimat-
ing calorie and protein needs.

It is a common misconception that all patients with cancer have increased
calorie needs. Studies have shown this is not the case: Only some 30% of
cancer patients actually have increased needs.* " Some data support in-
creased calorie needs in patients with cancers of the head and neck.”
Weekly weights and careful record keeping of calories eaten by the patient
are necessary to accurately determine the level of calorie support needed by
the patient. Because patients are typically quite fatigued and suffering treat-
ment-related side effects, family members and friends are often enlisted to
help with this process. In one study conducted within the head and neck
cancer population receiving radiotherapy, patients reported increased intake
with the support and encouragement of family.*

Nutrition counseling has been shown to improve nutritional status and
quality of life significantly in patients with head and neck and gastrointestinal
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cancers.” Individual counseling may be the most effective nutrition inter-
vention to affect nutritional status. This type of interaction involves giving
patient-specific information to help the individual manage nutrition-
related symptoms. Some studies have indicated that intensive nutrition
counseling can significantly improve dietary intake in patients receiving
radiation therapy.”? Other studies have shown that medical nutrition ther-
apy can improve calorie/protein intake, help maintain weight, and increase
quality of life.®

To be effective, nutrition counseling must be thorough and frequent. For
example, patients receiving combined chemotherapy and radiation for can-
cer of the head and neck can lose weight rapidly when symptoms of mucosi-
tis and dysphagia begin, which typically occur by the second week of treat-
ment. Ideally, the RD should counsel the patient on the need for aggressive
nutritional intake prior to the onset of the side effects. Weekly follow-up vis-
its are crucial for managing side effects as they develop. The oncology RD
must identify nutrient-dense foods that the patient will and can eat, and then
provide specific information about the recommended amounts to eat daily.
This process involves lengthy discussions regarding food preferences, identi-
fication of tolerances, and clear instructions regarding serving sizes and types of
foods to buy and eat. Patient-specific meal patterns can illustrate the types
and amounts of foods needed to meet nutritional needs, in conjunction with
the medical management of pain, nausea, and other side effects. Weekly
weights and symptom assessments will help to identify problems that affect
patient intake. Food records kept by patients may be evaluated to determine
whether patients are meeting their estimated nutritional needs.

Nutrition Support During Oncologic Therapies

Ideally, patients undergoing treatment for cancer will meet their nutritional
needs via oral intake. The oral route is physiologically superior and should
be maintained as long as possible.? Recommending modified textures, forti-
fying calories in liquids and soft solids, and spacing out eating times are
important management tips to help patients complete treatment with minimal
nutritional compromise. Liquid medical food supplements are widely used
today to boost calorie and protein intake. These flavored supplements, which
often replace some or most of a meal’s calories and protein content, can min-
imize large weight losses. This, in turn, is helpful in preventing treatment
interruptions.® * Modular carbohydrate, protein, and fat products are also
available and can be added to a variety of common foods to boost caloric,
protein, or fat intake. While patients should always be encouraged to main-
tain some level of oral intake of foods, many become reliant on the use of

supplements as a significant source of calories and protein during treatment.
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Simply telling patients to drink a nutritional supplement is rarely enough.
Patients are more likely to meet their nutritional needs if they are given a
number of cans or supplements to consume daily. This type of education also
makes patients more accountable in the management of their care.

Although many patients are willing to use nutritional supplements early
on, taste fatigue and aversion after prolonged use of these products are quite
common.* The nutritional supplements typically used by cancer patients are
flavored milk-type supplements (although most are lactose-free). Juice-type
calorie/protein-fortified medical food supplements are available as well.
Given that the side effects associated with radiation continue one to two
weeks after completion of treatment, ongoing follow-up after treatment ends
is important to assure continued attention to adequate nutrition. Weight mon-
itoring and symptom tracking are often useful in adjusting supplement
requirements post treatment.

Despite the widespread availability and relatively modest cost of nutri-
tional supplements, many patients are unable to afford them. Generic formu-
las, which are nutritionally comparable to the brand-name products, are
available and less expensive. It is vital that the entire multidisciplinary
team, but especially the social worker, be prepared to assist with issues that
can affect intake and ultimately nutritional status, such as ability to pur-
chase nutritional supplements. The oncology RD can also provide patients
with recipes for homemade supplements. These mixtures are frequently bet-
ter tolerated if patients have caregiver support or the energy to prepare
drinks, shakes, or fortified foods.

Patients receiving radiation and/or chemotherapy—and especially those
being treated for cancers of the head and neck, thorax, and gastrointestinal
tract—may require nutritional support beyond what medical food supple-
ments and food can provide. Tumor-related symptoms, increased metabolic
needs, and the inability to meet nutritional needs orally are all indications
for nutrition support.* The use of nutrition support in individuals with can-
cer is still the subject of debate, with some researchers suggesting that it may
have detrimental effects on outcomes and length of life. However, when used
appropriately, enteral and parenteral nutrition support have been shown to
be an effective way to nourish cancer patients who cannot maintain adequate
oral intake.’ % Malnourished cancer patients may benefit from nutrition sup-
port by achieving increased energy, strength, activity level, and weight
gain.”" Patients with cancers (especially those of the head and neck) that are
treated with radiation alone or with chemoradiation often develop significant
mucositis, taste changes, thickened saliva, nausea, and vomiting that pre-
clude oral intake as a sole source of nutrient intake. Prophylactic percuta-
neous endoscopic gastrostomy (PEG) tube placement before treatment
begins is becoming more accepted when the toxicity of treatment is expected
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to be severe.?? Patients with cancer who may benefit from nutrition support
include those with recent significant weight loss (more than 10% usual body
weight within the previous 6 months), those unable to eat or drink for more
than 5 days, and those with known malabsorption, small bowel obstruction,
or fistulas affected by oral intake.*”

Enteral nutrition is the preferred nutrition support route, as it is the most
physiologic. Feeding into the gut maintains the integrity of the gastrointesti-
nal tract, thereby avoiding the risk of bacterial translocation.* The transloca-
tion of bacteria into the systemic circulation can lead to sepsis, organ failure,
and death. PEG tubes are often used in patients receiving cancer treatment
when the expected duration of use is greater than 2 weeks. PEG tubes have a
larger diameter than nasogastric tubes, so they allow for easier passage of
tube feeding products as well as medications. PEG tubes also reduce the risk
of aspiration compared to nasogastric tubes.”

The primary oncologist should present the option of feeding tube place-
ment as part of a patient’s overall treatment plan. The psychological effects
of PEG tubes are variable and not well studied; however, they may include
depression, stress, and change in lifestyle.® Early discussion with the
patient and caregivers at the time of diagnosis and education regarding the
indi-cations for the tube, expected length of use, and benefits of aggressive
nutritional intervention are helpful to reduce anxiety related to these tubes.
Often, patients have fears based on past experiences with family members
or friends, and education and reassurance may be helpful in overcoming
their trepidation. It is this author’s experience that feeding tubes placed in
patients who are undergoing treatment are less effective owing to an
increased rate of complications, more pain associated with the procedure,
and less tolerance to tube feedings after placement. Patients who undergo
gastrostomy tube placement prior to head and neck radiation treatment, by
contrast, lose less weight during the treatment course and have increased
quality of life. 25

Enteral formulas are typically infused via a bolus method by syringe (over
10-30 minutes) or through a continuous feeding pump. Although enteral
nutrition is not risk free, it is considered to be safer than parenteral feeding.®
Patients can usually tolerate standard polymeric formulas, either isocaloric
(1 cal/mL) or calorically dense (2 cal/mL) for those with volume intolerances.
Carbohydrates are usually the major calorie source, with whey or casein sup-
plying the protein content. Fat is typically provided via vegetable oils or
triglycerides.

Specialty formulas are available, but their benefits and drawbacks should
be weighed carefully relative to standard formulas. Many are difficult to
obtain through local pharmacies or home health companies, and they are
usually quite expensive compared to standard formulas. Immuno-enhanced



m Chapter 4 Medical and Radiation Oncology

enteral feeding (formulas with added omega-3 fatty acids, arginine, and
nucleotides) may decrease postoperative complications from gastrointestinal
surgeries when given preoperatively to very malnourished cancer patients.?*
Currently, there is limited support for tube feeding (and oral) products for-
mulated for cancer patients and enriched with eicosopentanoic acid (EPA).
While some research has shown that EPA can be an effective modulator of
cancer cachexia, this relationship has not been proven in larger, well-
designed studies.”

Parenteral nutrition (PN) delivers nutrients directly into the circulation
via a central vein or a peripheral vein. PN may be necessary in a select pop-
ulation of cancer patients receiving treatment, including those with gut dys-
function receiving aggressive treatment, short bowel syndrome, intractable
nausea and vomiting with enteral feedings, bowel obstruction, or enterocuta-
neous fistulas requiring bowel rest. Contraindications for PN include a func-
tional gut, poor prognosis, or nutritional support that is needed for less than
five days.

PN carries more risk than enteral feedings. Because it is administered via
vein, there is a higher risk of infection with both peripheral and central par-
enteral nutrition support. Most patients requiring PN are weaned off and
transitioned back to an oral diet as soon as possible.

The use of PN in patients with cancer is controversial. Some studies
support the use of preoperative PN in malnourished patients with gastroin-
testinal cancer.® ® Those receiving such nutrition support develop fewer
surgical complications and infection and have decreased mortality.***® Other
studies have shown contradictory results, likely due to small sample sizes,
variations in the patient populations studied, and differences in treatment
plans.® Despite the inconsistent results, the risks of overfeeding associated
with PN have been identified and new practice recommendations made.* It
appears that PN during chemotherapy is most appropriate for those
patients with significant weight loss and malnutrition who are responding
to the prescribed treatment.® Limited studies are available on PN use dur-
ing radiation therapy; the ones that have been published do not show any
survival benefit or reduction in treatment toxicity with this type of nutri-
tional therapy.®® Patients with radiation enteritis may require bowel rest,
and a course of PN may be warranted in such cases to prevent nutritional
decline.

Clearly, the advantages and disadvantages of PN should be considered
carefully before such treatment is undertaken in cancer patients. The
American Society for Parenteral and Enteral Nutrition and the American
Dietetic Association Oncology Evidence Analysis Library provide guide-
lines for appropriate use of PN in this population to help guide the oncol-
ogy RD and other clinicians.
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SUMMARY

Chemotherapy and radiation therapy are key components in the care of many
patients with cancer who cannot be treated by surgery alone. Advances in
these cancer treatments continue to emerge, yet these therapies still cause
significant toxicities that negatively affect many patients. Because this popu-
lation has unique nutritional needs, early and ongoing intervention by a RD
is essential to assist in the multidisciplinary care of these patients. The

oncology RD provides individualized counseling to patients and families,
and helps guide other members of the healthcare team regarding the nutri-
tional status of those treated. This type of nutritional counseling can improve
both quality of life and outcomes in patients with cancer. This chapter should
equip healthcare professionals working with oncology patients with a better
understanding of both radiation and chemotherapy principles, and assist
them in understanding the nutrition screening, assessment, and counseling
processes. Ultimately, the goal is to provide cancer patients with the best
nutritional care centered on evidence-based practice.
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Surgical Oncology
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INTRODUCTION

Malnutrition is a significant contributor to surgical morbidity and mortality

in cancer patients.' The role of nutrition support therapy (NST)—either
enteral or parenteral—in the prevention and treatment of the malnutrition in
surgical oncology patients has been explored in depth.>® This research has
elucidated both benefits and risks to these therapeutic interventions. This
chapter discusses the role of NST in cancer patients undergoing primarily
gastrointestinal (GI) surgery and the evidence on which it is based.

Consequences of Malnutrition

Malnutrition is defined as “any disorder of nutrition status, including disorders
resulting from deficiency of nutrient intake, impaired nutrient metabolism, or
overnutrition.” The prevalence of weight loss in oncology patients ranges from
31% to 100%, depending on tumor site, stage, and treatment (Table 5.1).2 1
Minimal weight loss, in the range of 5%, is associated with increased mortality
and poor prognosis for a patients with a variety of tumor types.” Multiple factors
contribute to the weight loss observed in cancer patients, including complica-
tions arising from the tumor itself, such as obstruction or tumor-induced
anorexia; treatment-induced complications such as gastrointestinal (GI) symp-
toms, fatigue, or loss of anatomy; and psychological stress.!-13

Cancer cachexia is another common cause of weight loss in this patient
population. Cancer cachexia syndrome (CCS) is characterized by progres-
sive, involuntary weight loss that often presents as host tissue wasting,
anorexia, skeletal muscle atrophy, anergy, fatigue, anemia, and hypoalbu-
minemia. This syndrome is potentially life-threatening; it is caused by
physiologic and metabolic derangements'®!" that lead to depletion of energy
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Table 5.1  Incidence of Weight Loss or Malnutrition in Adult Cancer
Patients by Primary Tumor Site
Site of DeWys  Hammerlid
Cancer Bozetti'* et al.?* et al.** Others
Acute non-lymphocytic leukemia 39%
Breast 9%'-36%°  36%
Bronchial carcinoma 66%’
Colon 54%" 54%
Colorectal 60%*"
Diffuse lymphoma 55%"*
Esophagus 79%° 100% 85%°
Gastric 83%* 83-87% 44%°
General cancer population 60%"°-63%"
Head and neck 72%" 57%"*
Larynx 40%
Lung (all types) 50%*
Lung (non-small cell) 61%
Lung (small cell) 60%* 57%
Lung (squamous cell) 36%"
Neuroblastoma 56%"
Non-Hodgkin’s lymphoma (favorable) 31%
Non-Hodgkin’s lymphoma (unfavorable) 48%
Oral cavity 63% 41%"
Pancreas 83%* 83%
Prostate 56%" 56%
Rectum 40%°
Sarcoma 39%"'-66%"  40%
Sinus 30%
Skin 50%
Testicular 25%"
*Results described as “malnutrition.”
“Results described as “weight loss™ of any amount.

(continues)
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Table 5.1  Incidence of Weight Loss or Malnutrition in Adult Cancer
Patients by Primary Tumor Site, Continued

Data Sources

1. Bozzetti F. Rationale and indications for preoperative feeding of malnourished surgical cancer
patients. Nutrition. 2002;18(11-12):953-959.

2. DeWys WD, Begg C, Lavin PT, et al. Prognostic effect of weight loss prior to chemotherapy in can-
cer patients: Eastern Cooperative Oncology Group. Am J Med. 1980;69(4):491-497.

3. Hammerlid E, Wirblad B, Sandin C, et al. Malnutrition and food intake in relation to quality of life
in head and neck cancer patients. Head Neck. 1998;20(6):540-548.

4. Issell BF, Valdivieso M, Zaren HA, et al. Protection against chemotherapy toxicity by IV hyperali-
mentation. Cancer Treat Rep. 1978;62(8):1139-1143.

5. Bashir Y, Graham TR, Torrance A, Gibson GJ, Corris PA. Nutritional state of patients with lung
cancer undergoing thoracotomy. Thorax. 1990;45(3):183-186.

6. Nixon DW, Lawson DH, Kutner MH, et al. Effect of total parenteral nutrition on survival in
advanced colon cancer. Cancer Detect Prev. 1981;4(1-4):421-427.

7. Nixon DW, Moffitt S, Lawson DH, et al. Total parenteral nutrition as an adjunct to chemotherapy
of metastatic colorectal cancer. Cancer Treat Rep. 1981;65(suppl 5):121-128.

8. Popp MB, Fisher RI, Wesley R, Aamodt R, Brennan MF. A prospective randomized study of adju-
vant parenteral nutrition in the treatment of advanced diffuse lymphoma: Influence on survival.
Surgery. 1981;90(2):195-203.

9. Haugstvedt TK, Viste A, Eide GE, Soreide O. Factors related to and consequences of weight loss
in patients with stomach cancer: The Norwegian multicenter experience. Norwegian Stomach Can-
cer Trial. Cancer. 1991;67(3):722-729.

10. Bozzetti F, Migliavacca S, Scotti A, et al. Impact of cancer, type, site, stage and treatment on the
nutritional status of patients. Ann Surg. 1982;196(2):170-179.

11. Tan YS, Nambiar R, Yo SL. Prevalence of protein calorie malnutrition in general surgical patients.
Ann Acad Med Singapore. 1992;21(3):334-338.

12. Goodwin W] Jr, Torres J. The value of the Prognostic Nutritional Index in the management of
patients with advanced carcinoma of the head and neck. Head Neck Surg. 1984:6(5):932-937.

13. Linn BS, Robinson DS, Klimas NG. Effects of age and nutritional status on surgical outcomes in
head and neck cancer. Ann Surg. 1988;207(3):267-273.

14. Rickard KA, Loghmani ES, Grosfeld JL, et al. Short- and long-term effectiveness of enteral and
parenteral nutrition in reversing or preventing protein-energy malnutrition in advanced neuroblas-
toma: A prospective randomized study. Cancer. 1985;56(12):2881-2897.

15. Nguyen TV, Yueh B. Weight loss predicts mortality after recurrent oral cavity and oropharyngeal
carcinomas. Cancer. 2002;95(3):553—-562.

16. Shamberger RC, Brennan MF, Goodgame JT Jr, et al. A prospective, randomized study of adjuvant
parenteral nutrition in the treatment of sarcomas: Results of metabolic and survival studies. Sur-
gery. 1984;96(1):1-13.

17. Samuels ML, Selig DE, Ogden S, Grant C, Brown B. IV hyperalimentation and chemotherapy for
stage 111 testicular cancer: A randomized study. Cancer Treat Rep. 1981;65(7-8):615-627.

and protein stores in cancer patients.'® In contrast to starvation, CCS results
in the loss of both adipose and skeletal muscle mass, while visceral muscle
mass is preserved and hepatic mass increases.” Also unlike starvation, the
weight loss associated with CCS generally cannot be reversed with
increases in nutrient intake alone,” and it continues despite increased
administration of nutrients.” Appetite stimulants are only minimally effec-
tive for treatment of CCS.® Whereas starvation elicits a conservation
response in the host, CCS is characterized by increased cycling (synthesis



m Chapter 5 Surgical Oncology

and catabolism) of a variety of metabolic intermediaries, including amino
acids, fatty acids, and carbohydrates.?-22

Although there is no universally accepted model that adequately explains
the etiology of CCS in all patients,® CCS is caused in part by pro-inflamma-
tory cytokines such as tumor necrosis factor, interferon-y, and interleukin-1
and -6. Tumor-produced substances such as proteolysis-inducing factor,
lipid-mobilizing factor, and mitochondria-uncoupling proteins 1, 2, and 3
also affect nutrient metabolism.?*

Diagnosis of CCS and the promotion of nutritional adequacy are essential
in surgical patients with cancer. Indeed, the presence of malnutrition has
important consequences for recovery following surgery. For example, preop-
erative malnutrition is highly correlated with postoperative morbidity.* Sub-
optimal intake of nutrients produces changes in intermediary metabolism,
tissue function, and body composition.® In addition, major surgery itself is
linked with deterioration in nutrition status,” as major surgical procedures
are associated with a higher incidence of complications, longer hospital
stays, prolonged anorexia, and protein calorie malnutrition.??

Nutrition Assessment

Oncology-related nutritional issues are best addressed within the context of
the Nutrition Care Process (NCP). In 2003, the American Dietetic Associa-
tion published a description of a model of the NCP? which provides a frame-
work for the critical analysis and decision-making process regarding medical
nutrition therapy. As illustrated in Figure 5.1, this process contains four
steps: nutrition assessment, nutrition diagnosis, nutrition intervention, and
nutrition monitoring and evaluation.?

Nutrition Screening

It is difficult to define and measure nutrition status in cancer patients. Many
markers utilized for assessing nutrition status (e.g., serum albumin, total
lymphocyte count, immune competence, anthropometric changes, body com-
position) may also be affected by the severity of the underlying cancer. Dif-
ferentiation of the effects of malnutrition from the effects of disease severity
is problematic.

Nevertheless, several parameters have been explored as indicators of
nutrition status. Hypoalbuminemia is associated with increased surgical
mortality and morbidity, especially that related to sepsis and poor healing.!
Unfortunately, the interaction between malnutrition and the acute-phase
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response proteins limits the use of nutrition indicators such as albumin and
prealbumin for specifically assessing nutrition status. Weight loss, another
suggested indicator, can also be an unreliable indicator of nutritional status
in cancer patients owing to fluid shifts and the presence of edema. It has
been suggested that neither albumin nor weight loss in isolation is a specific
predictor of complications,” although both are strong predictors within mul-
tivariable models. Many formulae have been developed to predict the impact
of nutrition status related to morbidity and mortality in surgical patients; the
predictive value of these formulae varies (Table 5.2).*

Nutrition screening, as a precursor step to identify those patients who
should undergo a more formal nutrition assessment, facilitates the early
recognition of malnutrition.?® The American Society for Parenteral and
Enteral Nutrition (A.S.P.E.N.) and the American Dietetic Association (ADA)
recommend that all cancer patients undergo nutrition screening as a compo-
nent of their initial evaluation.®® The purpose of such screening is to identify
quickly those individuals who are at risk for nutritional deterioration as well
as those individuals who are malnourished. An effective screening process
utilizes both objective and subjective data that can be obtained quickly.* In
this process, individual objective measures, such as a single laboratory
parameter or current weight, are not specific enough to indicate nutrition
risk.*' Instead, multiple objective measures must be combined with subjective
measures related to nutrition.* To facilitate routine screening of all patients,
nutrition screening tools should also be easy to use, cost-effective, valid, reli-
able, and sensitive.°

Several nutrition screening tools have been used in the cancer population
to identify those patients who are at greatest risk for developing nutritional
problems. The Patient-Generated Subjective Global Assessment (PG-SGA)?*
is a modification of an earlier screening tool called the Subjective Global
Assessment (SGA)*. It is broken into two sections: a patient-completed sec-
tion, which includes data regarding weight history, symptoms, dietary intake,
and activity level; and a section completed by the healthcare professional,
which evaluates metabolic demand, considers disease in relation to nutri-
tional requirements, and incorporates a physical assessment (Table 5.3). A
numeric score is calculated by adding the points obtained in both of the two
sections. A score of 4-8 requires an intervention by a dietitian, and a score
greater than 9 indicates the need for improved symptom management. A
SGA score of mild, moderate, or severe malnutrition is assigned based on
this overall assessment. The numeric scores generated in this way can be
used as a triage system to initiate a formal nutrition assessment leading to
intervention and to guide follow-up care.** The PG-SGA numeric score,
when repeated at subsequent time points, is also useful for identifying small
improvements or deteriorations in nutrition status.*
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Table 5.2 Nutritional Assessment Formulae/Methods in
Gastrointestinal Surgery

History/Uses Formula
Subjective e Validated in a number of diverse Utilizes physical assessment,
Global patient populations' weight change, change in intake,
Assessment GI symptoms, and functional
(SGA)! capacity to assign a score:

SGA-A: well nourished
SGA-B: moderately malnourished
SGA-C: severely malnourished

Prognostic e Validated prospectively Percentage risk of complication =
Nutritional e Calculates percentage risk of an 158 — 16.6(serum albumin; g/dL)
Index (PNI)? operative complication occurring — 0.78(TSF; mm) — 0.20(serum

in an individual transferrin; g/dL) —5.8 (delayed

e Can distinguish patients at low risk  hypersensitivity reaction)
for nutrition-related complications

(<10%) from those at high risk (>50%)

Nutrition Risk e Used to stratify nutrition risk NRI = 1.519(serum albumin;
Index (NRI)**  in the Veterans Affairs Total g/dL) + 41.7(current weight/usual
Parenteral Nutrition Cooperative weight)

Study Group trial of perioperative PN
o Classifies individuals as either well
nourished or malnourished

Hospital ¢ [dentifies high-risk patients and HPI = 0.91(serum albumin; g/dL)
Prognostic evaluates the efficacy of hospital — 1.0(delayed hypersensitivity
Index (HPI) therapy reaction) — 1.44(sepsis rating) +

0.98(diagnosis rating) — 1.09

TSF: triceps skin fold.

Delayed hypersensitivity reaction: 0 = nonreactive, 1 = 5-mm induration, 2 = >5-mm induration.
PN: total parenteral nutrition.

Sepsis rating: 1 = present, 2 = absent.

Diagnosis rating: 1 = cancer present, 2 = cancer not present.

Data Sources

1. Detsky AS, McLaughlin JR, Baker JP, et al. What is subjective global assessment of nutritional status?
JPEN ] Parenter Enteral Nuir. 1987;11(1):8-13.

2. Buzby GP, Mullen JL, Matthews DC, Hobbs CL, Rosato EF. Prognostic Nutritional Index in
gastrointestinal surgery. Am J Surg. 1980;139(1):160-167.

3. Veterans Affairs Total Parenteral Nutrition Cooperative Study Group. Perioperative total parenteral
nutrition in surgical patients. N Engl J Med. 1991;325(8):525-532.

4. Franch-Arcas G. The meaning of hypoalbuminaemia in clinical practice. Clin Nuir.
2001;20(3):265-269.

5. Harvey KB, Moldawer LL, Bistrian BR, Blackburn GL. Biological measures for the formulation of a
hospital prognostic index. Am J Clin Nutr. 1981;34(10):2013-2022.

Table Source: Adapted with permission from August DA, Huhmann MB. Nutritional care of cancer
patients. In: Norton J, Barie P, Bollinger R, et al., eds. Surgery: Basic Science and Clinical Evidence.
2nd ed. New York, NY: Springer; 2008:2123-2150.
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Table 5.3 Patient-Generated Subjective Global Assessment

Section Components
Patient-completed section Weight history
Symptoms

Food intake
Activity level

Healthcare professional-completed section ~ Metabolic demand
Diagnosis and comorbidities
Physical examination

Scoring Each question is assigned a numeric score.
e Score 2-3: Patient and family education
e Score 4-8: Intervention by dietitian
e Score > 9: Improved symptom
management and/or nutrient intervention

Source: Ottery FD. Definition of standardized nutritional assessment and interventional pathways in
oncology. Nutrition. 1996;12(1)(suppl):S15-S19.

The Nestlé Mini Nutritional Assessment (MNA), an 18-item screening tool
commonly used in older adult patients, was developed by Guigoz with Nestlé
Nutritional Corporation.’” This tool can be broken into two main components:
screening and assessment. The six-item screen takes approximately three
minutes to complete and includes questions related to changes in food
intake, weight loss, mobility, stress, and body mass index (BMI). If the score
is 11 or less, the healthcare practitioner should complete the assessment
section of the MNA.*” The assessment component includes specific medical
history and eating habits as well as some anthropometric measurements.
Empirical evidence on the use of this instrument in the cancer population is
limited, making it an area of focus for research.

Several abbreviated nutrition screening tools have also been developed.
The Malnutrition Screening Tool (MST) is a short nutrition screening tool
that is rarely used in the United States. This three-item tool utilizes data on
weight history and appetite to predict nutrition risk. The MST has been vali-
dated in both hospitalized non-oncology patients®® and oncology patients
receiving radiation therapy.” Another short tool, the Malnutrition Universal
Screening Tool (MUST), also utilizes a score derived from three items." How-
ever, the MUST has been found to be unsuitable for use in an oncology popu-
lation because of its low sensitivity and specificity.?

The Nutrition Risk Assessment (NRA) tool, developed in 1999 by the
American Dietetic Association and the Consultant Dietitians in Health
Care Facilities Practice Group, is widely used in U.S. long-term care
facilities.” It utilizes data collected for the Minimum Data Set (MDS), a
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government-mandated screening and assessment form for Medicare- and
Medicaid-certified long-term care facilities.” A randomized, prospective
trial is currently under way to assess the validity of this tool in nursing
home residents.*? As yet, the NRA has not been validated in a population of
cancer patients.

Nutrition Assessment

Nutrition screening is of little benefit if it is not followed by a formal, system-
atic nutrition assessment and development of a clearly outlined plan for
intervention and reassessment in those patients whose screen demonstrates
risk. Nutrition assessment is a thorough evaluation that assimilates data
obtained from the medical history, dietary history, physical examination,
anthropometric measurements, and laboratory data.*® A comprehensive
assessment of nutritional status typically integrates a review of anthropomet-
rics with data on disease and clinical status to evaluate their effects on the
patient’s metabolism and nutrient need.® In addition, an appraisal of disease-
and treatment-related symptoms is necessary to plan nutrition interventions.
This step is especially important in surgical patients, as preoperative plan-
ning in the oncology patient for postoperative feeding can help to prevent
feeding delays and other nutrition-related complications.

Nutrition Diagnosis

The process of nutrition assessment results in a nutrition diagnosis. The
nutrition diagnosis identifies the actual occurrence of, the risk of occurrence
of, or the potential for developing a nutrition-related problem.? The nutrition
assessment includes evaluation of the etiology and signs and symptoms of
nutrition problems, which in turn directs the selection of an appropriate
nutrition intervention.*

The ADA has developed standardized nomenclature to use for determin-
ing nutrition diagnoses.* An example of a nutrition diagnostic term fre-
quently utilized in cancer patients is “involuntary weight loss,” which is
defined as “decrease in body weight that is not planned or desired.”*

Nutrition Intervention

Nutrition intervention refers to the specific activities required to address and
correct the nutrition diagnosis.® The nutrition intervention is designed,
planned, and implemented with the intent of improving the patient’s nutri-
tion status.? Planning of the intervention requires the input of all disciplines
involved in the care of the patient.
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Nutrition Monitoring and Evaluation

The goals of the intervention must be documented and reevaluated fre-
quently.?® The intervention must be patient-specific and accommodate the
patient’s comfort and wishes.? * Although they vary between and among
patients, common nutrition goals for surgical patients include symptom man-
agement, weight maintenance, and preservation of functional status and body
composition.* Attaining these goals often requires modulation of dietary
components, the addition of oral nutritional supplements, or provision of
enteral or parenteral nutrition (NST). Figure 5.2 illustrates the recommenda-
tions for nutrition intervention in cancer patients undergoing surgery.

Nutrition Support Therapy in Surgical Patients

In 2002, A.S.P.E.N. published guidelines for the use of specialized nutrition
support (SNS) in hospitalized patients. These guidelines are currently being
updated. The guidelines provide evidence-based direction regarding the use
of enteral nutrition (EN) and parenteral nutrition (PN) support (Table 5.4).
This section discusses the historical use as well as the current recommenda-
tions for use of EN and PN in surgical oncology patients.

The use of EN in surgical oncology patients has been explored in depth.?*
Although EN is associated with improvements in nitrogen balance in
patients with cancer, improvements in weight gain have been more inconsis-
tent.2 PN has also been associated with improvements in nitrogen balance,
and PN appears to support weight gain more consistently.? However, this
weight gain reportedly consists of primarily fat.” While PN may improve
patient comfort and sense of well-being, it has little impact on the physio-
logic effects of malnutrition.>* Because of the underlying metabolic abnor-
malities induced by CCS, SNS appears to have fewer benefits in cancer
patients than in noncancer patients.® Neither EN nor PN in cancer patients
has beneficial effects on serum proteins, such as albumin, when adminis-
tered for 7-49 days.>*

The use of SNS in cancer patients has been approached with caution in
the past, reflecting concerns that provision of nutrients might stimulate
tumor growth and metastasis. Murine models indicate that PN provision in
excess of energy requirements more than doubles the rate of tumor
growth.”! Some human data on this issue are also available. For example, a
study of malnourished gastric cancer patients receiving PN indicated no
increase in tumor proliferation.” Conversely, an increase in tumor cell prolif-
eration and protein synthesis was observed in head and neck and colorectal
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Table 5.4  Route of Nutrition Administration

Route Risks/Benefits

Enteral Requires functioning GI tract
Reduced cost
Better maintenance of gut integrity; prevention of bacterial translocation
Earlier return of bowel function postoperatively
Reduced infection rate
Shorter length of stay

Parenteral Should be avoided with functioning GI tract
Invasive therapy
Increased cost
Increased risk of infection
Decreased incidence of gastrointestinal upset (i.e., nausea, diarrhea)

Source: Reprinted with permission from Huhmann M, August D. General gastrointestinal and vascular
surgery. In: Marian M., Russell M., Shikora S, eds. Clinical Nutrition for Surgical Patients. Sudbury,
MA: Jones and Bartlett; 2007:99-128.

cancer patients receiving PN. It is unlikely that this effect is of clinical sig-
nificance, although it often comes up as an issue in clinical practice.”*

The American Gastroenterological Association® and A.S.P.E.N.° hold sim-
ilar positions on the use of PN in oncology patients. According to these
organizations, the use of SNS for patients with cancer should generally be
reserved for those circumstances when a patient is moderately or severely
malnourished; and in whom active therapy is planned to treat the underlying
malignancy; and who is unlikely to be able to meet his or her nutritional
requirements orally for more than 7-10 days.® PN should not routinely be
administered to patients undergoing cancer chemotherapy or radiation ther-
apy. Instead, PN is appropriate only in malnourished patients who are antic-
ipated to be unable to ingest and/or absorb adequate nutrients for a
prolonged period of time, defined as greater than 7-10 days.® This type of
nutrition is considered aggressive because its invasive nature. Aggressive
nutrition support such as PN should be avoided in most cases if a patient’s
life expectancy is less than 40-60 days.® If maintenance of fluid balance in a
patient with a life expectancy of less than 40 days is desired, hydration ther-
apy with intravenous fluids is recommended rather than PN.°

Perioperative Nutrition Support

Studies in the 1980s and 1990s indicated reduced morbidity and mortality
with perioperative PN supplementation in cancer patients, especially those
with Gl malignancies.”” Viewed in retrospect, these studies had serious
design flaws (e.g., the inclusion of heterogeneous populations, variable and
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likely suboptimal macronutrient provision, and inadequate sample sizes).*
More recent studies of routine (e.g., not guided by nutrition risk and the
results of a formal nutrition assessment) perioperative PN, primarily in GI
cancer patients, indicate increased incidence of infection in patients receiv-
ing PN, with no improvements in survival being noted.*> % The limited data
in significantly malnourished GI cancer patients also indicate no benefit of
perioperative PN over EN, but do indicate a benefit over standard isotonic
fluids.*>-% In any event, the use of PN in cancer patients is not without risk,
including increased infection rate, increased surgical complication rate, and
increased cost.?¢1-6

Enteral administration of nutrients postoperatively is generally acknowl-
edged to be the initial intervention of choice in surgical patients® because it
is theoretically more physiologic, may be associated with fewer complica-
tions, and is less expensive.” Studies confirm that EN has advantages over
PN. For example, an early meta-analysis suggested that EN has cost benefits
relative to PN.® Subsequent meta-analyses have confirmed this economic
advantage and also indicated a decreased risk of infection associated with
EN in comparison to PN.%% Studies also indicate decreased intestinal per-
meability and a lower incidence of hyperglycemia in comparison to PN.°
Enteral nutrition is generally well tolerated postoperatively, with gastroin-
testinal side effects including diarrhea and vomiting that can usually be cor-
rected with temporary decreases in the enteral formula infusion rate.’® Table
5.5 summarizes the studies utilizing nutrition support therapy for surgical
cancer patients.

Immunonutrition

The use of enteral and parenteral formulas supplemented with macronutri-
ents and micronutrients intended to preserve or improve immune function
has increased in the last two decades. Multiple studies have investigated the
use of “immunonutrition” and its effects on outcomes in Gl cancer patients.
Meta-analyses have demonstrated improved outcomes (reductions in morbid-
ity and mortality) with the use of immunonutrition perioperatively in patients
undergoing major Gl cancer resections.” Inmune-enhancing nutrients that
have been explored include omega-3 fatty acids (Q2-3), glutamine (GLN),
arginine (ARG), nucleic acids, and combinations of these nutrients.
Glutamine (GLN), which is the most abundant amino acid in the human
body, is an important substrate for rapidly proliferating cells such as lympho-
cytes, macrophages, enterocytes, fibroblasts, and renal epithelium." %
Although several studies have investigated the use of GLN in the prevention
or treatment of chemotherapy-induced side effects such as diarrhea and neu-
ropathy,” ™ few studies have examined GLN as a “single agent” in surgical
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Table 5.5  Studies of the Use of Nutrition Support Therapy in Surgical
Cancer Patients

Issue Studies (Patients) Findings
Preoperative NST 4 (449) Improved morbidity and mortality'*
Perioperative NST 8 (1,659) Improved morbidity** and mortality">>*
Immune-enhancing ARG, RNA, Q-3 FA: Improved immune parameters®®
formulae 9 (1,281) and clinical outcomes®"

ARG, Q-3 FA: Improved immune parameters

1 (200) and gut profusion®!®

ARG: Improved GI function'

2 (139)

GLN: Improved immune parameters'

1(28)
Enteral nutrition versus 11 (1,742) Few differences in morbidity" or
parenteral nutrition mortality?2!

EN preserved gut integrity**2-2 and
immune markers?*2
Better glycemic management™? %% with

EN

ARG = arginine; RNA = ribonucleic acid; Q-3 FA = omega-3 fatty acids; GLN = glutamine.

Data Sources

1.

10.

11.

Muller JM, Keller HW, Brenner U, Walter M, Holzmuller W. Indications and effects of preopera-
tive parenteral nutrition. World J Surg. 1986;10(1):53-63.

. Meijerink WJ, von Meyenfeldt MF, Rouflart MM, Soeters PB. Efficacy of perioperative nutritional

support. Lancet. 1992;340(8812):187-188.

. Foschi D, Cavagna G, Callioni F, Morandi E, Rovati V. Hyperalimentation of jaundiced patients

on percutaneous transhepatic biliary drainage. Br J Surg. 1986;73(9):716-719.

. Muller JM, Brenner U, Dienst C, Pichlmaier H. Preoperative parenteral feeding in patients with

gastrointestinal carcinoma. Lancet. 1982;1(8263):68-71.

. Snyder-Ramos SA, Seintsch H, Bottiger BW, Motsch J, Martin E, Bauer M. Patient satisfaction

and information gain after the preanesthetic visit: A comparison of face-to-face interview,

brochure, and video. Anesth Analg. 2005;100(6):1753-1758.

. Asilioglu K, Celik SS. The effect of preoperative education on anxiety of open cardiac surgery

patients. Patient Educ Couns. 2004;53(1):65-70.

. Bozzetti F, Braga M, Gianotti L, Gavazzi C, Mariani L. Postoperative enteral versus parenteral

nutrition in malnourished patients with gastrointestinal cancer: A randomised multicentre trial.

Lancet. 2001:358(9292):1487-1492.

. Wu GH, Liu ZH, Wu ZH, Wu ZG. Perioperative artificial nutrition in malnourished gastrointesti-

nal cancer patients. World J Gastroenterol. 2006;12(15):2441-2444.

. Daly JM, Lieberman MD, Goldfine J, et al. Enteral nutrition with supplemental arginine, RNA,

and omega-3 fatty acids in patients after operation: Immunologic, metabolic, and clinical out-
comes. Surgery. 1992;112(1):56-67.

Daly JM, Weintraub FN, Shou J, Rosato EF, Lucia M. Enteral nutrition during multimodality ther-
apy in upper gastrointestinal cancer patients. Ann Surg. 1995;221(4):327-338.

Di Carlo V, Gianotti L, Balzano G, Zerbi A, Braga M. Complications of pancreatic surgery and the
role of perioperative nutrition. Dig Surg. 1999;16(4):320-326.

(continues)
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Table 5.5  Studies of the Use of Nutrition Support Therapy in Surgical
Cancer Patients, Continued

12. Braga M, Gianotti L, Vignali A, Cestari A, Bisagni P, Di Carlo V. Artificial nutrition after major
abdominal surgery: Impact of route of administration and composition of the diet. Crit Care Med.
1998:26(1):24-30.

13. Gianotti L, Braga M, Nespoli L, Radaelli G, Beneduce A, Di Carlo V. A randomized controlled
trial of preoperative oral supplementation with a specialized diet in patients with gastrointestinal
cancer. Gastroenterology. 2002;122(7):1763-1770.

14. DeWys WD, Begg C, Lavin PT, et al. Prognostic effect of weight loss prior to chemotherapy in
cancer patients: Eastern Cooperative Oncology Group. Am J Med. 1980;69(4):491-497.

15. Farreras N, Artigas V, Cardona D, Rius X, Trias M, Gonzalez JA. Effect of early postoperative
enteral immunonutrition on wound healing in patients undergoing surgery for gastric cancer. Clin
Nutr. 2005;24(1):55-65.

16. Senkal M, Zumtobel V, Bauer KH, et al. Outcome and cost-effectiveness of perioperative enteral
immunonutrition in patients undergoing elective upper gastrointestinal tract surgery: A prospec-
tive randomized study. Arch Surg. 1999;134(12):1309-1316.

17. Braga M, Gianotti L, Vignali A, Carlo VD. Preoperative oral arginine and Q-3 fatty acid supple-
mentation improves the immunometabolic host response and outcome after colorectal resection for
cancer. Surgery. 2002;132(5):805-814.

18. de Luis DA, Izaola O, Cuellar L, Terroba MC, Aller R. Randomized clinical trial with an enteral
arginine-enhanced formula in early postsurgical head and neck cancer patients. Eur J Clin Nutr.
2004:58(11):1505-1508.

19. Morlion BJ, Stehle P, Wachtler P, et al. Total parenteral nutrition with glutamine dipeptide after
major abdominal surgery: A randomized, double-blind, controlled study. Ann Surg.
1998;227(2):302-308.

20. Gianotti L, Braga M, Vignali A, et al. Effect of route of delivery and formulation of postoperative
nutritional support in patients undergoing major operations for malignant neoplasms. Arch Surg.
1997;132(11):1222-1229, discussion 1229-1230.

21. Sand J, Luostarinen M, Matikainen M. Enteral or parenteral feeding after total gastrectomy:
Prospective randomised pilot study. Eur J Surg. 1997;163(10):761-766.

22. Shirabe K, Matsumata T, Shimada M, et al. A comparison of parenteral hyperalimentation and
early enteral feeding regarding systemic immunity after major hepatic resection: The results of a
randomized prospective study. Hepatogastroenterology. 1997;44(13):205-209.

23. Braga M, Gianotti L, Gentilini O, Parisi V, Salis C, Di Carlo V. Early postoperative enteral nutri-
tion improves gut oxygenation and reduces costs compared with total parenteral nutrition. Crit
Care Med. 2001;29(2):242-248.

24. Aiko S, Yoshizumi Y, Sugiura Y, et al. Beneficial effects of immediate enteral nutrition after
esophageal cancer surgery. Surg Today. 2001;31(11):971-978.

25. Jiang XH, Li N, Li JS. Intestinal permeability in patients after surgical trauma and effect of enteral
nutrition versus parenteral nutrition. World J Gastroenterol. 2003;9(8):1878-1880.

26. Hyltander A, Drott C, Unsgaard B, et al. The effect on body composition and exercise performance
of home parenteral nutrition when given as adjunct to chemotherapy of testicular carcinoma. Eur J
Clin Invest. 1991;21(4):413-420.

27. Aiko S, Yoshizumi Y, Matsuyama T, Sugiura Y, Maehara T. Influences of thoracic duct blockage
on early enteral nutrition for patients who underwent esophageal cancer surgery. Jpn J Thorac
Cardiovasc Surg. 2003;51(7):263-271.

28. Goonetilleke KS, Siriwardena AK. Systematic review of peri-operative nutritional supplementation
in patients undergoing pancreaticoduodenectomy. Jop. 2006;7(1):5-13.
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cancer patients. One prospective, randomized study of perioperative par-
enteral GLN in colorectal cancer patients indicated improved nitrogen
balance with glutamine supplementation.” Most of the other available
data focus on the use of GLN in the prevention of mucositis in bone mar-
row transplant patients.”® At this time, there is not enough evidence to
support the use of glutamine in surgical cancer patients, although this
intervention may have other applications in cancer patients receiving
chemotherapy.

The Q-3 fatty acids, which are essential in the diet, favor production of
prostaglandins in the 3-series (PGE,) and leukotrienes in the 5-series. Stud-
ies of enteral Q-3 fatty acid administration in pancreatic cancer patients
indicate that Q-3 fatty acid supplementation in the range of 2-3 g per day
may help prevent weight loss.”* Parenteral Q-3 fatty acid supplementation
in colorectal cancer patients increases leukotriene-5 levels and decreases
TNF levels.” Some evidence indicates that surgical cancer patients who are
losing weight may benefit from the use of a formula that contains Q-3 fatty
acids in doses of 2 g/day. However, clinical experience indicates poor com-
pliance with oral nutritional supplements containing Q-3 fatty acids owing to
palatability issues.

Another amino acid, arginine (ARG), has been studied as an additive to
enteral and parenteral preparations. ARG in combination with other
immunonutrients has been associated with improvements in immune param-
eters such as leukotriene B,, and decreases in the incidence of infection
among patients undergoing elective upper and lower Gl surgery for can-
cer.”* Additionally, patients with colorectal cancer receiving perioperative
parenteral ARG have been found to experience enhanced immune respon-

*-% ARG may be useful in some cancer

siveness when compared to controls.
patients undergoing surgery, although the advantages associated with the use
of these formulas must outweigh the burden of their higher costs.

Nucleotides, administered in the form of nucleic acids, appear to stimu-
late nonspecific parameters of immune function, although the precise mech-
anism of action involved is not clearly understood.” Nucleotides are known
to affect the growth of cells that experience rapid turnover, such as entero-
cytes. In animal models, supplementation with nucleotides improves jejunal
adaptive growth after massive small bowel resection.”® However, in one study
of human patients with colorectal cancer, there was no effect on survival with
nucleotide supplementation.” Similar to the situation with GLN, it does not
appear that nucleotide supplementation provides any benefits for surgical
oncology patients at this time.

Conversely, ingestion of formulas containing immunonutrients holds
promise for improving nutrition in cancer patients. Studies investigating the
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use of a combination of arginine, RNA, and -3 fatty acids perioperatively
indicate improved immune parameters'®'% and clinical outcomes with this
type of supplementation.* - °-1°-1% Because of the diversity of methods used
in these studies, the relative effects of preoperative versus postoperative
treatment have not yet been determined. For some of the nutrients, such as
glutamine and arginine, more information is needed to determine the optimal
dosing and administration. However, based on the results of studies utilizing
a combination of arginine, RNA, and Q-3 fatty acids with clinical endpoints,
it appears that EN supplemented with these nutrients may be beneficial in
malnourished patients who are undergoing major thoracic or abdominal pro-

1101107 Fyture studies exploring the benefits associated with con-

cedures.
sumption of these nutrients should focus on larger populations of cancer
patients and elucidate the preferred timing of supplementation in relation to
the surgical procedure. The rationale for utilizing these kinds of nutraceuti-

cals is summarized in Table 5.6.

Palliative Specialized Nutrition Support

Despite published guidelines that state that the palliative use of NST is
rarely appropriate,'® this issue remains controversial.® The use of home PN
in patients with a cancer diagnosis is becoming more frequent.'”1” In gen-
eral, PN is indicated only in those patients with incurable cancer when
they are receiving active anticancer therapy, are malnourished, and are
unable to consume adequate oral or enteral nutrients for a significant
period of time.® A small subset of terminally ill cancer patients (e.g.,
patients with ovarian cancer) not receiving cancer-directed therapy with
dysfunctional Gl tracts has been identified in whom long-term, home PN
may provide palliative benefits® and improve quality of life; it may even
lengthen survival.

It is important to remember that PN is complex, intrusive, and expensive.
If patients are to benefit they (1) must be very strongly motivated and physi-
cally capable of participating in the their own care, (2) should have an esti-
mated life expectancy of greater than 40 to 60 days, and (3) require strong
social and financial support at home, including a dedicated in-home lay care
provider. They must also fail trials of less invasive therapies, including
aggressive medical management with antiemetics, narcotics, anticholiner-
gics, and antidepressants.’'"'5 Those patients with a life expectancy of less
than 40 days are often well palliated with home intravenous fluid therapy.
Most patients evaluated for palliative care with home PN do not meet these
criteria.
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Table 5.6 Nutraceuticals: Therapeutic Rationale

Substrate Metabolic Activities Clinical Use
Glutamine ® Most abundant amino acid in the Potentially beneficial in
human body, nonessential stimulating postoperative return
¢ Important substrate for rapidly of gastrointestinal function and
proliferating cells such as decrease in permeability"2; may
lymphocytes, macrophages, reverse postoperative
enterocytes, fibroblasts, and immunodepression®
renal epithelium
e Nitrogen shuttle between tissues
¢ Precursor for the synthesis of
purines, pyrimidines, and
amino acids
Arginine ¢ Nonessential amino acid, may May improve immunologic

become conditionally essential
during periods of physiologic stress
Substrate in the urea cycle; roles
in protein, creatinine, and
polyamine synthesis

Affects nitrogen metabolism,
wound healing, immune
competence, and tumor metabolism

indices postoperatively';
decreased incidence of
postoperative fistula’®

Nucleic acids

Stimulatory effects on nonspecific
parameters of immune function
Mechanism of action not understood

No clinical studies performed

Essential fatty
acids

Q-3 polyunsaturated fatty acids
(PUFAs) favor production of
3-series prostaglandins (PGE,)
and 5-series leukotrienes
(immune-enhancing and
anti-inflammatory)

Q-3 PUFAs reduce production of
2-series prostaglandins (PGE,)
and 4-series leukotrienes
(immunosuppressive and
pro-inflammatory)

May improve postoperative
inflammatory and immune
response’; may decrease need for
ventilator and length of stay in
patients with major abdominal
surgery’

PUFA, polyunsaturated fatty acids; PGE3, prostaglandin E3; PGE2, prostaglandin E,; LOS, length of stay

Data Sources

1. De-Souza DA, Greene LJ. Intestinal permeability and systemic infections in critically ill patients:
effect of glutamine. Crit Care Med. May 2005;33(5):1125-1135.
2. Morlion BJ, Stehle P, Wachtler P, et al. Total parenteral nutrition with glutamine dipeptide after

major abdominal surgery: a randomized, double-blind, controlled study. Ann Surg. Feb
1998;227(2):302-308.
3. Yao GX, Xue XB, Jiang ZM, Yang NF, Wilmore DW. Effects of perioperative parenteral glutamine-
dipeptide supplementation on plasma endotoxin level, plasma endotoxin inactivation capacity and
clinical outcome. Clin Nutr. Aug 2005;24(4):510-515.

(continues)
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Table 5.6 Nutraceuticals: Therapeutic Rationale, Continued

4. Song JX, Qing SH, Huang XC, Qi DL. Effect of parenteral nutrition with L-arginine supplementa-
tion on postoperative immune function in patients with colorectal cancer. Di Yi Jun Yi Da Xue Xue
Bao. Jun 2002;22(6):545-547.

5. de Luis DA, Izaola O, Cuellar L, Terroba MC, Aller R. Randomized clinical trial with an enteral
arginine-enhanced formula in early postsurgical head and neck cancer patients. Eur J Clin Nutr.
Nov 2004;58(11):1505-1508.

6. Nakamura K, Kariyazono H, Komokata T, Hamada N, Sakata R, Yamada K. Influence of preopera-
tive administration of omega-3 fatty acid-enriched supplement on inflammatory and immune
responses in patients undergoing major surgery for cancer. Nutrition. Jun 2005;21(6):639-649.

7. Tsekos E, Reuter C, Stehle P, Boeden G. Perioperative administration of parenteral fish oil supple-
ments in a routine clinical setting improves patient outcome after major abdominal surgery. Clin

Nutr. Jun 2004;23(3):325-330.

Table Source:

Adapted with permission from: August DA, Huhmann MB. Nutritional Care of Cancer Patients. In:
Norton J, Barie P, Bollinger R, et al., eds. Surgery: Basic Science and Clinical Evidence. 2nd ed. New
York: Springer Publishing; 2006.

Nutrition Issues in Specific
Gastrointestinal Malignancies

Esophageal Cancer

Esophageal cancer resections have significant nutritional consequences. In par-
ticular, patients with esophageal cancer often present with some degree of dys-
phagia and weight loss preoperatively."* """ Approximately 79% to 1009%"*" of
these individuals are malnourished at presentation, and esophagectomy can
worsen their malnutrition.

Reflux (because the lower esophageal sphincter is generally sacrificed with
the resection), dysmotility of the remaining esophagus, gastric dysmotility sec-
ondary to resection of the vagus nerves with the esophagus, and dumping syn-
drome are common side effects of esophagectomy. Patients may complain of
dysphagia postoperatively. This problem may be caused by multiple factors,
including stricture, poor gastric emptying, or dysmotility. Stricture may occur
after esophagectomy as a result of anastomotic ischemia, which is not uncom-
mon when the stomach is mobilized as a conduit."'** Dilatation of the stricture
can allow for normal oral intake, although it may require several dilatations to
achieve “normal” swallowing. Disruptions of the vagal nerves can lead to
altered sensations in the stomach, causing overeating and regurgitation.'
Placement of a feeding jejunostomy tube during surgery allows for early enteral
support. Postoperative diet modifications, including the consumption of small,
frequent, energy-dense meals, can help in reducing regurgitation.
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Dumping syndrome can also occur post esophagectomy. The rapid passage
of hyperosmotic, undigested food into the small bowel with secondary hyper-
secretion of succus and extracellular fluid into the bowel lumen may cause
hypotension, flushing, and diarrhea. This condition is a result of the rapid
distention of the bowel. If left untreated, it can lead to weight loss, malnutri-
tion, and increased mortality."” Postoperative diet changes, including limit-
ing simple carbohydrates and liquids with meals, can assist in preventing the
cramping, diarrhea, and flushing associated with dumping syndrome.

Gastric Cancer

Gastric resection can alter gastric reservoir function and vitamin B, absorp-
tion. The capacity of the Gl tract to “store” food following gastrectomy can
vary greatly, which may lead to unintentional food regurgitation.®'?! Resec-
tion decreases stomach capacitance, with resultant compromise of reservoir
function. Removal of either the pylorus or the lower esophageal sphincter
(LES) may also be problematic. Post gastrectomy, the absence of the LES
eliminates the barrier for the reflux of food and digestive juices. Reflux is
observed in as many as 58% of patients who undergo esophagectomy' and
80% of patients who undergo a total gastrectomy.'® If the procedure includes
disruption of pyloric function or a gastrojejunostomy, bile reflux into the
esophagus can occur. This complication is particularly difficult to manage
because, unlike with acid, there are no drugs available to “neutralize” the
irritant effects of bile on the esophageal squamous epithelium.

Dumping syndrome may also occur as a result of disruption of the pyloric
sphincter and gastrojejunostomy. Restriction of simple carbohydrates and
limiting liquids with meals can help to prevent dumping syndrome.

The acidic environment of the stomach assists in the release of vitamin B,
from food. Loss of intrinsic factor occurs with resection of the parietal cells
in the proximal stomach and results in vitamin B,, malabsorption. Vitamin
B,, deficiency can, in turn, lead to megaloblastic anemia and dementia.'”
Such a deficiency can develop as early as one year after total gastrectomy.'?
Patients in whom all of the proximal stomach is removed should be evaluated
for the need for vitamin B,, replacement. Supplementation is available in
enteral and parenteral formulations,®® and routine prescription of 1000 mcg
monthly intramuscular vitamin B, is recommended for patients undergoing
proximal or total gastrectomy to prophylactically prevent deficiency.'

Small Bowel Cancer

Small bowel resection, when carried out because of the presence of pri-
mary malignancy or malignancy in adjacent organs, can have significant



Nutrition Issues in Specific Gastrointestinal Malignancies m

effects on the ability to absorb both micronutrients and macronutrients.
The small bowel plays a major role in nutrient absorption. Its anatomy, as
well as the hormones that are released into the small intestine, affect the
effectiveness of this absorption. Resection of any significant portion of the
small bowel can result in decreased transit time, thereby producing malab-
sorption. Hormones released in response to the entry of food into the small
intestine—for example, secretin, cholecystokinin, and enteropeptidase—
affect pancreatic and gallbladder function as well as gastric emptying and
feelings of satiety. The practitioner must evaluate these sources as poten-
tial etiologies in the cancer patient who has undergone a resection of the
small intestine.

Micronutrient and macronutrient absorption is also altered based on the
location and size of the resection. The duodenum is the primary site of
absorption for calcium and magnesium. The jejunum is responsible for
absorption of carbohydrate, protein, water-soluble vitamins, and iron. Jeju-
nal resections can result in inappropriate secretion of digestive enzymes and
accelerated gastric emptying. Lipid, fat-soluble vitamins, cholesterol, bile
salts, and vitamin B, are absorbed in the ileum. Patients with ileostomies
must be educated about proper supplemental fluid and electrolyte intake
because they have an increased risk for dehydration.*'?> Many of these indi-
viduals will have a need for increased sodium and water intake to balance
increased losses in the stool. To counteract these losses, patients should be
instructed to consume at least one liter more fluid daily than their stoma out-
put.’® Significant resection of the jejunum and ileum can also cause reduced
intestinal absorption secondary to the loss of absorptive surface, or short
bowel syndrome. Depending on the amount of intestine resected, fluid and
electrolyte needs may not be met with oral feeding alone, such that enteral or
parenteral nutrition intervention is required.!?

The small bowel plays a significant role in bacterial homeostasis. An
acidic environment in the small bowel lumen, which can occur after small
bowel resection because of increased gastric acid secretion and decreased
transit time, deactivates digestive enzymes and deconjugates bile acids,
which in turn leads to further malabsorption. The malabsorbed food moves
into the colon, where carbohydrate is fermented by bacteria into p-lactic
acid. Build-up of p-lactic acid can cause metabolic acidosis characterized by
increased serum D-lactate, an increased anion gap, and decreased serum
bicarbonate.'? This relatively rare neurologic syndrome occurs with short
bowel syndrome or following jejuno-ileal bypass surgery. Symptoms include
altered mental status, slurred speech, and ataxia, and typically present after
the ingestion of high-carbohydrate feedings.'”® Carbohydrate restriction,
antibiotics, and probiotics are generally recommended for the management
or prevention of this adverse effect.!?1?
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Bacterial growth in the small intestine is carefully regulated through sev-
eral mechanisms, including the pH of stomach contents, intestinal peristal-
sis, and innate intestinal wall immune factors.”® Massive bowel resection
frequently leads to bacterial overgrowth, increasing the risk of bacterial
translocation, and possibly sepsis. Bacterial overgrowth is diagnosed through
culture or biopsy of the bowel or by a hydrogen breath test. Nutritional con-
sequences of intestinal bacterial overgrowth include steatorrhea (fat malab-
sorption) as well as decreased intestinal micellar uptake of triglycerides,
fatty acids, cholesterol, and lipophilic vitamins.'!

Bacterial overgrowth is commonly treated with antibiotics and probi-
otics.® Probiotics are live microorganisms, such as lactobacillus or bifi-
dobacterium, that may produce beneficial health effects in humans.?>-1

Colon Cancer

The colon is responsible for fluid and electrolyte resorption. Resections of
the terminal ileum and colon can, therefore, significantly affect the body’s
electrolyte and fluid balance. In response, the intestine may undergo struc-
tural and functional adaptation to increase fluid and nutrient absorption over
a period of two years or more.'*

The colon may contain as many as 10" or 10'2 bacterial cells/gram luminal
contents.® Impaired intestinal peristalsis or anatomical abnormalities that
alter luminal flow following surgery can cause bacterial overgrowth.”” Dys-
functions of the gut barrier following colon resection have been hypothesized
to lead to translocation of microorganisms, sepsis, shock, multisystem organ

1% Bacterial overgrowth in the terminal ileum follow-

failure, and even death.
ing ileocecal valve resection can adversely affect the specialized absorptive
functions of the ileum. In particular, ileocolectomy has been associated with
a significant increase in ileal and colonic bacterial counts.’ As mentioned
earlier, bacterial overgrowth can produce metabolic acidosis and malabsorp-

tion of both micronutrients and macronutrients.

Pancreatic Cancer

Digestion of starches, proteins, and lipids requires pancreatic enzymes. Pan-
creatic enzyme excretion can be impaired due to pancreatic duct obstruction,
resection, or dysregulation. To compensate for this dysfunction, interventions
may include oral administration of pancreatic enzymes, diet modification, and
a physiologic shift of the site of digestion to the distal small intestine."* In
general, derangements in postoperative pancreatic exocrine function are
determined by type of resection, resection of adjacent organs, the underlying
disease, and preoperative pancreatic function. The dysfunction often does not
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result in symptoms of obvious malabsorption such as diarrhea; instead, it may
manifest as continued weight loss in spite of apparent adequate intake.

After major pancreatic surgery, enzyme replacement may be required.
Pancreatic enzyme supplementation starts with 40,000—120,000 IU of lipase
and is titrated according to patient response.'*® The addition of a proton-
pump inhibitor assists in the prevention of early activation of enzymes by
gastric acid.'® Pancreaticocibal asynchrony occurs when pancreatic enzyme
secretion is mistimed, resulting in malabsorption; it occurs in 16% to 43% of
gastrectomy patients.'"! Oral pancreatic enzyme replacement in this setting is
helpful in overcoming the malabsorption problem.

The type of pancreatic resection affects the extent of endocrine insufficiency.
After a Whipple procedure (Figure 5.3), 20% to 40% of patients develop dia-
betes mellitus.'"? In some patients, hypoglycemia occurs as a result of postoper-
ative insulin sensitivity in the presence of decreased glucagon secretion.' 142
Pylorus-preserving Whipple procedures seem to impair endocrine function
more than a traditional Whipple procedure.® In some cases, such as in chronic
pancreatitis, pancreatic head resection can improve endocrine secretion.!®
Functional islet cell, or neuroendocrine, tumors such as insulinomas, gastrino-
mas, glucagonomas, and VIPomas (vasoactive intestinal peptide-producing
tumors), can cause a host of nutritional issues, ranging from hypoglycemia

1 Drugs such as octreotide can palliate the

(insulinoma) to ulcers (gastrinoma).
endocrine mediation effects of these tumors; however, the only curative option is

surgery.'*1% Fortunately, complete resection alleviates these symptoms.

Cancers of the Liver and Gallbladder

The liver plays important roles in protein synthesis, glucose homeostasis,
bilirubin excretion, and detoxication, among other functions.!*¢ Hepatic

Liver

Gallbladder Stomach

Pancreas

Duodenum

Figure 5.3  Anatomy Removed in « Whipple Procedure

Reprinted with permission from Cancer Research UK. Surgery to try to cure pancreatic cancer.
Accessed at: http://www.cancerhelp.org.uk/help/default.asp?page=3124#whipple.
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protein synthesis is altered in response to trauma and critical illness."” Whole-
body protein synthesis is modified after surgery of moderate severity."” Produc-
tion of positive acute-phase proteins (i.e., complement system, transport
proteins, and antiproteases) increases with stress, whereas production of nega-
tive acute-phase proteins (i.e., albumin, prealbumin, and transferrin) decreases
with stress.’ Mediators of inflammation, including cytokines, seem to affect
serum protein levels through two mechanisms: (1) alteration of normal synthesis
and catabolism and (2) induction of capillary leak."*

The key functions carried out by the liver in nutrient metabolism
include synthesis and degradation of glucose and glycogen, fatty acid
metabolism, synthesis and degradation of serum proteins, detoxification of
lipid-soluble toxins, and metabolism of bilirubin.*® Poor nutritional status,
which often manifests as fluid retention and low levels of serum proteins, is
correlated to mortality in patients undergoing liver resections.'*® Preopera-
tive liver disease may produce hypoalbuminemia, hyperglucagonemia,
increased energy expenditure, depleted skeletal muscle mass, and anorexia
prior to surgery.' In addition, patients may develop symptoms that limit food
intake before and after liver surgery—for example, altered taste sensation, early
satiety due to ascites, steatorrhea due to bile salt deficiency, anorexia, nausea,
and vomiting." Protein calorie malnutrition is evident in 20% of patients with
compensated cirrhosis and in 60% of patients with liver insufficiency.'

Postoperative tolerance of liver resection and the liver’s ability to regener-
ate and regain function after liver surgery vary greatly. The presence of mal-
nutrition clearly affects the return of liver function and regeneration, and it
has important implications for morbidity and mortality. Preoperative malnu-
trition is a predictor for first bleeding episode and survival, and is associated
with both refractory ascites and postoperative complications." Surgical
techniques such as portal vein embolization can assist in preserving func-
tional liver volume by inducing preoperative hepatic hypertrophy.’> When
the size of the liver is increased preoperatively, this organ may require less
time to adapt to the resection, potentially limiting the previously mentioned
complications. Despite this measure, however, patients still may need nutri-
tion support postoperatively. Early EN after liver resection is associated with
a lower rate of wound- and catheter-related complications and improved
immune competence compared to PN.'5

Perioperative Feeding Considerations

Maintenance of nutrition status perioperatively can be facilitated by careful
preoperative planning and creation of a postoperative nutrition care plan.!>1%
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Failure to consider nutrition and diet issues perioperatively can result in lost
opportunities to maintain nutrition status and to avoid nutrition-related com-
plications. The postoperative nutrition care plan should be determined and
discussed with the patient prior to surgery.**

Historically, postoperative “bowel rest” has been recommended to pro-
mote anastomotic healing and prevent nausea and vomiting.”” Early postop-
erative oral and enteral feedings are now recommended to encourage the
return of gastrointestinal function by enhancing bowel hypertrophy and anas-
tomotic healing.’® Even in the absence of peristalsis, the small intestine
regains the ability to absorb nutrients quickly after surgery.

It has become common practice to establish enteral feeding access during
major gastrointestinal procedures.” Early enteral nutrition in malnourished
surgical patients is associated with improved wound healing, maintenance of
gut function, and improved gut immune function. It is also associated with
decreased length of stay in intensive care.'™ !> Furthermore, early resumption of
oral/enteral feeding is only occasionally associated with undesirable side effects
such as nausea, vomiting, colic, and anorexia.®® % In patients with estab-
lished preoperative malnutrition, the benefits of enteral access outweigh the
risks of enteral access-related complications.® ' For this reason, intraopera-
tive placement of a gastrostomy or jejunostomy tube for enteral access should be
strongly considered in patients who are malnourished preoperatively or in
whom a prolonged period of poor oral intake is anticipated (7—14 days). Studies
specifically assessing the use of NST for 714 days preoperatively'® in moder-
ately or severely malnourished patients indicate that this intervention provides
a benefit in terms of both morbidity"'*"'* and mortality. 2 575162 163

In addition to planning for nutrition support access preoperatively, it is
important to discuss the patient’s transition to an oral diet. Upper gastroin-
testinal surgical resection may be associated with significant postoperative
morbidity, including dumping syndrome, delayed gastric emptying, pro-
longed ileus, obstruction, gastroesophageal reflux, and post-gastrectomy
syndrome (dumping, fat maldigestion, gastric stasis, and lactose intoler-
ance).> ' These complications can lead to weight loss, malnutrition, and
increased mortality.'*!%

Preoperative education by a registered dietitian (RD) to inform patients
about both normal and abnormal postoperative events can assist patients in
taking an active role in their recovery. As yet, few data have been published on
the role of nutrition education in patients undergoing gastrointestinal cancer
surgery. Several studies indicate that patients who receive preoperative educa-
tion regarding expectations and pain management'?' experience less anxiety'®
and pain,'*-1% and have improved outcomes!® '™ and increased satisfaction.'™
122 Preoperative nutrition education by an RD also has the potential to improve
outcomes and facilitate a quicker return to oral diet (see Table 5.7).
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Table 5.7  Special Issues in Cancer Surgery Patients

causing heartburn,
nausea, or vomiting

Category Issue Manifestation Nuirition Intervention
Abnormal transit  Dumping Early: Diarrhea, Small frequent meals
syndrome bloating, nausea, Separation of solids and
tachycardia fluids at meals
immediately— Reduction in simple
30 minutes after a carbohydrate and
meal concentrated fat intake
Late: Hypoglycemic  Increased soluble fiber
symptoms, dizziness  intake'
90-180 minutes after
a meal
Reflux Regurgitation of food Small frequent meals
esophagitis and digestive juices  Use of antacids or

sucralfate?

Delayed gastric

Early satiety,

Small frequent meals

emptying/gastric postprandial fullness, Prokinetic agents?®
stasis heartburn, dysphagia,

aspiration®
Pancreaticocibal ~Steatorrhea, frequent  Addition of pancreatic
asynchrony light greasy stools enzymes at meals and

snacks

Malassimilation ~ Reduced intake, Micronutrient Enteral or parenteral
impaired deficiencies replacement
absorption,
disturbed
metabolism,
increased loss!

Obstruction Stricture, Vomiting, Enteral or parenteral
gastric outlet constipation nutrition support depending
obstruction upon extent

Endoscopic balloon dilation
or surgical stenting
Promotility agent?

Pancreatic Pancreatic Steatorrhea, bloating  Pancreatic enzyme

insufficiency enzyme replacement*
insufficiency

Data Sources

1. Scholmerich J. Postgastrectomy syndromes—diagnosis and treatment. Best Pract Res Clin Gas-
troenterol. Oct 2004;18(5):917-933.

2. Lerut TE, van Lanschot JJ. Chronic symptoms after subtotal or partial oesophagectomy: diagnosis
and treatment. Best Pract Res Clin Gastroenterol. Oct 2004;18(5):901-915.

(continues)
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3. Radigan A. Post-Gastrectomy: Managing the nutrition fall-out. Practical Gastroenterology. 2004
2004:28(6):63-75.

4. Kahl S, Malfertheiner P. Exocrine and endocrine pancreatic insufficiency after pancreatic surgery.

Best Pract Res Clin Gastroenterol. Oct 2004;18(5):947-955.

Table Source: Reprinted with permission from Huhmann M, August D. General gastrointestinal and
vascular surgery. In: Marian M., Russel M., Shikora S, eds., Clinical Nutrition for Surgical Patients.

Sudbury, MA: Jones and Bartlett; 2007:99-128.

SUMMARY

Surgical oncology patients can develop complex nutritional issues. Preopera-

tive nutrition assessment and planning can assist in decreasing the develop-
ment or progression of malnutrition. Postoperative follow-up is also crucial
for preventing deteriorations in nutritional status and addressing any proce-
dure-related issues that may result in negative nutrition-related outcomes.
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Chapter 6

Nutrition and
Cancer Prevention

Nicole Stendell-Hollis, MS, RD

INTRODUCTION

Throughout history, changes and trends in food and beverage intake, physi-
cal activity habits, and body composition have accompanied the increases in
industrialization and urbanization throughout the world. In general, diets
have become more energy dense, while levels of physical activity have
decreased as the population has become increasingly sedentary, resulting in
increased rates of overweight and obesity worldwide. These changes corre-
late with shifts in cancer incidence throughout the world, with a doubling of
global cancer rates projected to occur by 2030.!

Approximately one-third of the cancer deaths that occur yearly in the
United States are estimated to be due to nutrition and physical activity fac-
tors, as well as weight status.? Cancer is caused by both internal factors

(e.g., inherited mutations, hormones, immune conditions, and metabolic
mutations) and external factors (e.g., tobacco, chemicals, radiation, and
infectious organisms); these factors may work either collectively or in
sequence to initiate or promote carcinogenesis. Although all cancers
involve the malfunction of genes that control cell growth and division, only
approximately 5% of cancers are attributed to hereditary factors. Hence,
for those individuals who do not use tobacco, choices associated with diet,
physical activity, and weight control are the most significant modifiable
aspects of cancer risk.

Recent cancer prevention recommendations by organizations focused
on chronic diseases, such as the American Cancer Society (ACS) and the
World Cancer Research Fund/American Institute for Cancer Research
(WCRF/AICR), focus on healthy diet choices, increased physical activity,
and achievement and/or maintenance of a healthy weight. Specifically, the
ACS’s 2006 Recommendations for Nutrition and Physical Activity for Cancer
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Prevention® emphasize the following ways to decrease one’s risk for develop-
ing cancer:

® Maintain a healthy body weight throughout life.
¢ Adopt a physically active lifestyle.
¢ Consume a healthy diet with an emphasis on plant food sources.

¢ If you drink alcoholic beverages, limit consumption.

In concurrence with these recommendations, the WCRF/AICR’s 2007
Guidelines for Cancer Prevention include the following points:'

® Be as lean as possible within the normal range of body weight.

® Be physically active as part of everyday life.

e Limit consumption of energy-dense foods and avoid sugary drinks.

e Eat mostly foods of plant origin.

e Limit intake of red meat and avoid processed meat.

e Limit alcoholic drinks.

e Limit consumption of salt and avoid moldy grains or legumes.

® Aim to meet nutritional needs through diet alone.

® Mothers should breastfeed if possible; children should be breastfed if
possible.

e Cancer survivors: Follow the recommendations for cancer prevention.

Throughout this chapter, recommendations are made based on the evi-
dence and defined as convincing, probable, or limited/suggestive. Table 6.1
provides definitions and criteria for these terms based on the review and
strength of the evidence. This chapter summarizes the AICR’s recent recom-
mendations related to diet (Table 6.2), physical activity, and weight control
for the prevention of cancer.!

Table 6.1  Criteria for Judging the Evidence

Convincing Strong, high-quality evidence from numerous combinations
of scientific studies, including epidemiological and experi-
mental research, as well as proof of plausible biological

mechanisms

Probable Evidence is slightly less robust, but still generally justifies
goals and recommendations

Limited/suggestive Evidence is too limited to permit a probable judgment, but

there is a suggestive direction of effect

Source: Adapted from World Cancer Research Fund/American Institute for Cancer Research. Food,
Nutrition, Physical Activity, and the Prevention of Cancer: A Global Perspective. Washington, DC:
Author; 2007.
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Table 6.2 Summary of the Role of Diet and Cancer Risk

Decreases Risk

Increases Risk

Meat, poultry,
fish, and eggs

e Fish (limited)
¢ Foods containing vitamin D

(limited)

Red meat (convincing)
Processed meat (convincing)
Cantonese-style salted fish
(probable)

Foods containing iron (limited)
Smoked foods (limited)

Grilled (broiled) or barbequed
(charbroiled) animal products

(limited)

Plant foods

¢ Non-starchy vegetables

(probable and limited)

Allium vegetables (probable)

Garlic (probable)

Fruits (probable and limited)

Foods containing folate and

selenium (probable and limited)

® Foods containing carotenoids
and vitamin C (probable)

e Carrots (limited)

e Legumes (limited)

¢ Foods containing pyridoxine,
vitamin E, and quercetin

(limited)

Chili pepper (limited)

Grains, roots,
tubers, and

e Foods containing fiber

(probable and limited)

Aflatoxins (convincing)

plantains

Milk and e Milk (probable and limited) ¢ Diets high in calcium (probable)
dairy e Milk, dairy products, and cheese
products (limited)

Fats and oils

Total fat (limited)

Foods containing animal fats
(limited)

Butter (limited)

Sugars and
salt

Salt (probable)
Salted and salty foods (probable)

Foods containing sugar (limited)

Water, fruit
Juices, soft
drinks, and

hot drinks

Arsenic in drinking water
(convincing, probable, and
limited)

Maté (probable and limited)
High-temperature drinks (limited)

(continues)




m Chapter 6 Nutrition and Cancer Prevention

Table 6.2 Summary of the Role of Diet and Cancer Risk, Continued

Decreases Risk Increases Risk
Alcohol ¢ Alcoholic drinks (convincing and
probable)
Dietary e Calcium (probable) e Beta-carotene supplements
supplements ¢ Selenium (probable and limited) (convincing)
e Retinol and alpha-tocopherol ¢ Retinol and selenium supplements
(limited) (limited)

Source: Adapted from World Cancer Research Fund/American Institute for Cancer Research. Food,
Nutrition, Physical Activity, and the Prevention of Cancer: A Global Perspective. Washington, DC:
Author; 2007.

The Role of Diet

Food and nutrients have the ability to modify cancer risk at a large number
of sites by a variety of factors that influence cellular processes associated
with carcinogenesis. DNA repair; cellular proliferation, differentiation, and
apoptosis; hormonal regulation; inflammation and immunity; the cell cycle;
and carcinogen metabolism have all been identified as processes that may be
altered by diet, nutrients, or bioactive food compounds, thereby affecting

cancer risk.!

Substantial changes have transpired in the patterns of foods and beverages
available and consumed throughout the world. These trends have resulted in
a reduction in some dietary deficiencies and improvements in overall nutri-
tion, but also in unfavorable shifts in the composition of diets. The increased
proportions of energy-dense foods now consumed by much of the world’s
population contain large amounts of fats, oils, and sugars—all of which con-
tribute to an increased risk of some types of cancer. There are several plausi-
ble theories for this increase in cancer risk due to dietary choices, such as an
excess intake of energy, increased exposure to red meat, insufficient intake
of fruits and vegetables, and/or an imbalance of omega-3 and omega-6 fatty
acids. All of these factors may further contribute to risk both alone and
through an undesirable increase in body weight. These factors and others are
discussed in more detail in this chapter.

Meat, Poultry, Fish, and Eggs

One notable change in dietary patterns is the increased accessibility of ani-
mal products, which traditionally have provided only a small percentage of
the overall food availability. Meat consumption has tended to increase with
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economic development, with the ultimate result of worldwide meat consump-
tion per person approximately doubling between 1961 and 2002. In general,
animal products provide relatively high amounts of fat and energy, both of
which contribute to the increased risk of some cancers.

Evidence from epidemiological studies illustrate a dose-response relation-
ship between red meat consumption and colorectal cancer, and suggest red
meat intake is a causative factor in esophageal, lung, pancreas, and endome-
trial cancers.! Several conceivable mechanisms for an underlying causative
association between red meat intake and cancer have been proposed: the
generation of potentially carcinogenic and mutagenic N-nitroso compounds
by gastrointestinal bacteria’®;, the production of carcinogenic heterocyclic
amines and polycyclic aromatic hydrocarbons due to cooking at high temper-
atures®; and possible excess iron exposure leading to excess generation of
free radicals, oxidative stress, inflammation, and hypoxia.”

The term “processed meat” is defined inconsistently in the literature. For
the purpose of this review, processed meat is defined as any meat that has
been preserved by smoking, curing, salting, or addition of preservatives.
Examples include ham, bacon, pastrami, salami, sausages, bratwursts, frank-
furters, hotdogs, and sometimes minced meats. A considerable body of
strong evidence from cohort studies indicates that processed meat is a con-
tributory factor in colorectal cancer, and limited evidence suggests that
processed meat is a contributory factor in esophageal, lung, stomach, and
prostate cancers.® Several plausible mechanisms for explaining the carcino-
genic capacity of these foods exist:

e Nitrates are commonly used as preservatives for meats, which may con-
tribute to the production and exposure of N-nitroso compounds, thereby
increasing the risk of cancer.

® Many processed meats contain high levels of salt and nitrites, which
may negatively influence cancer risk.’

® Processed meats generally contain high amounts of fat and iron, which may
increase the production of free radicals, thereby increasing cancer risk.

® Processed meats are likely to be cooked at high temperatures, increas-
ing the production of heterocyclic amines and polycyclic aromatic
hydrocarbons.

Probable evidence exists that Cantonese-style salted fish is associated
with increased risk of nasopharyngeal cancer because of the high levels of
the known carcinogens N-nitrosamines found in this product. Cantonese-
style salted fish refers to the traditional method of preserving raw fish
through drying and salting of fish, thereby contributing to fermentation
and/or insect infestation of the fish and increasing the risk of cancer.
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There is limited evidence that smoked, grilled (broiled), and barbequed
(charbroiled) foods are causative factors in stomach cancer, as meats cooked
at a high temperature, over an open flame, or charred or “well done” may
lead to the development of heterocyclic amines or polycyelic aromatic hydro-
carbons.

The evidence regarding poultry and eggs is too limited in amount, consis-
tency, and/or quality to draw any conclusions. There are also limited data
suggesting that eating fish and foods containing vitamin D may be protective
against colorectal cancer owing to their involvement in inflammation, and
cellular proliferation and differentiation, respectively.?

In conclusion, it is recommended to limit intake of red meat to no more
than three (3—4 oz/serving) servings per week, and to avoid processed meats
altogether.!

Plant Foods

Despite the numerous benefits of eating a plant-based diet, consumption of
plant foods around the world varies and is generally lower than what is com-
monly recommended. Historically, diets have combined grains and legumes,
thereby ensuring adequate protein consumption, while providing only small
amounts of animal products. Nutrient-dense plant sources such as vegeta-
bles and fruits are rich sources of a variety of vitamins, minerals, phytochem-
icals, and fiber, but provide only a limited amount of energy. Nuts and seeds
provide concentrated sources of micronutrients and essential fatty acids, and
many herbs and spices have known beneficial pharmacological properties.
Therefore, it is recommended to eat mostly foods of plant origin, with an
average daily consumption of 21 oz of non-starchy vegetables and fruits and
25 g of unprocessed cereal grains and legumes.!

Non-starchy vegetables can be defined as green, leafy vegetables includ-
ing broccoli, okra, eggplant, and bok choy, as well as roots and tubers such
as carrots, artichokes, celery root, rutabaga, and turnips. A substantial
amount of probable—although not convincing—evidence exists that non-
starchy vegetables protect against mouth, pharynx, larynx, esophageal, and
stomach cancers, and limited evidence suggests that non-starchy vegetables
may protect against nasopharyngeal, lung, colorectal, ovarian, and endome-
trial cancers. Several hypotheses have been put forth to explain these protec-
tive effects. Non-starchy vegetables contain an abundance of potentially
anticarcinogenic substances, including antioxidants such as carotenoids and
vitamin C, dietary fiber, and numerous phytochemicals (glucosinolates,
dithiolthiones, indoles, chlorophyll, flavonoids, allyl sulfides, and phytoe-
strogens). Bioactive food components (BAFC) may alter cancer risk through
their antioxidant properties, modulation of detoxification enzymes, stimulation
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of the immune system, antiproliferative activities, and modulation of hor-
mone concentrations and metabolism." Non-starchy vegetables also contain
substantial amounts of folate, which plays an important role in the synthesis
and methylation of DNA, and which may prevent expression of the aberrant
gene linked to several types of cancer.’? Additionally, probable data exist that
the allium vegetables (onions, garlic, leeks, chives, and shallots) lower the
risk of stomach and colorectal cancers; limited evidence suggests carrots are
protective against cervical cancer.

Cruciferous vegetables are increasingly receiving attention as potential
anticarcinogenic agents because of their high concentrations of glucosino-
lates, which are metabolized to isothiocyanates (ITCs) and indoles in the
digestion process. These metabolic products lessen the effects of polycyclic
aromatic hydrocarbons and nitrosamines via the activation of glutathione-S-
transferases (GSTs) and inhibition of cytochrome P450 isoenzymes. Addi-
tionally, ITCs have been shown to modify meat-derived urinary mutagens as
well as mutations formed by tobacco carcinogens.’® Despite this promising
preliminary evidence, research has shown inconsistent results regarding cru-
ciferous vegetables’ potential to act as anticarcinogenic agents. Of course, it
is difficult to pinpoint the specific anticarcinogenic effect of the various
nutrients in foods in general, as most likely this effect arises through the
additive and synergistic actions of the many nutrients present in whole fruits
and vegetables.

Consistent, plausible evidence indicates that fruits probably protect
against mouth, pharynx, larynx, esophageal, lung, and stomach cancers, with
limited evidence for protection against nasopharyngeal, liver, and colorectal
cancers.'* ' Fruits are a rich source of vitamin C, phenols, and flavonoids, as
well as other potentially bioactive phytochemicals; this nutritional content
may explain fruits’ shielding effect against certain types of cancer. Vitamin C
is especially protective against cancer, as it readily traps free radicals and
reactive oxygen species, thereby protecting against oxidative damage; it also
regenerates other antioxidants such as vitamin E and inhibits the formation
of carcinogens.'” Some fruits contain high concentrations of the antioxidant-
acting flavonoids, which have the ability to inhibit carcinogen-activating
enzymes and DNA damage.’® Finally, the antioxidant phytochemicals com-
monly found in fruits may diminish the free-radical damage generated by
inflammation.

The evidence regarding specific carotenoids and other nutrients found
within fruits and vegetables is summarized in Table 6.3, and the general
mechanisms involved are discussed later in this section. Many of the pro-
tective effects of the carotenoids result from their antioxidant properties,
which can prevent lipid oxidation and free-radical-induced oxidative
stress.'” Additionally, several of the carotenoids function as pro-vitamin A
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Table 6.3 Specific Nutrients and Evidence of a Protective Effect Against

Select Cancer Risk
Probable Evidence Limited Evidence
Carotenoids e Mouth
(pro-vitamin A, ¢ Pharynx
O.-carotene, e Larynx
B-carotene, e Lung
lycopene, and ¢ Esophageal
B-cryptoxanthin)  Prostate
Folate-containing ® Pancreas
foods ¢ Esophageal
e Colorectal
Pyridoxine (vitamin ¢ Esophageal
B)-containing foods
Vitamin C— ¢ Esophageal
containing foods
Vitamin E- ¢ Esophageal
containing foods e Prostate
Selenium— e Prostate e Lung
containing foods e Stomach
¢ Colorectal
Quercetin— ¢ Lung

containing foods

Source: Adapted from World Cancer Research Fund/American Institute for Cancer Research. Food,
Nutrition, Physical Activity, and the Prevention of Cancer: A Global Perspective. Washington, DC:
Author; 2007.

precursors, which, once converted to retinol, play a role in cellular differen-
tiation, immuno-enhancement, and activation of carcinogenic-metabolizing
enzymes."” Finally, lycopene—the most potent of the carotenoid anti-
oxidants—demonstrates an antiproliferative effect, reduces plasma low-
density lipoprotein cholesterol, improves immune function, and reduces
inflammation.'” 2

The benefits of folate in relation to the prevention of cancer have previ-
ously been discussed. At the same time, it is important to note that in animal
studies, high doses of folate have been shown to promote carcinogenesis.
Thus dose is an important factor to consider when determining folate’s effect
on cancer prevention.

Pyridoxine (vitamin B) is involved in one-carbon metabolism and thus
plays a role in the synthesis, repair, and methylation of DNA, as demon-
strated in animal studies.? Vitamin E is another antioxidant that has been
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reported to enhance DNA repair and to prevent DNA damage, lipid peroxi-
dation, and the activation of carcinogens such as nitrosamines.'” Vitamin E
has also been reported to enhance the immune system, which may play a role
in the body’s ability to shield against cancer."”

Selenoproteins, which are commonly found in foods containing selenium,
have been shown to demonstrate anti-inflammatory and antioxidant proper-
ties primarily due to the activity of the glutathione peroxidases, which pro-
tect against oxidative damage, and the thioredoxin reductases, which
regenerate oxidized ascorbic acid to its reduced antioxidant form.?

Lastly, the flavonoid quercetin has antioxidant properties as well as the
ability to inhibit the expression of CYP1A1 (a cytochrome P450 enzyme that
helps to metabolize toxins®), resulting in decreased formation of DNA
adducts.? Elevated CYP1A1 activity has been correlated with an increased
risk of lung cancer.”

While the evidence is inconsistent, limited data suggest that legumes and
soy products may exhibit a protective effect against stomach and prostate
cancers. Ecological studies support a potential inverse dose-response rela-
tionship between soy intake and stomach and prostate cancer risk, perhaps
due to soy’s numerous BAFCs. Legumes and other soy foods are rich in
BAFCs that exhibit anticarcinogenic effects, such as protease inhibitors,
saponins, and phytoestrogens (genistein, daidzein),?” all of which may modu-
late estrogen metabolism, demonstrate antioxidant properties, inhibit tumor
angiogenesis, and influence apoptosis and cell growth.

The evidence for the protective effects of nuts and seeds is too limited in
amount, consistency, and quality to draw any decisive conclusions. Limited
evidence does suggest that chili pepper may increase the risk of stomach
cancer. This increased risk is likely related to its pro-irritant effect, which
may possibly increase the risk of inflammation in the stomach.?

Grains, Roots, Tubers, and Plantains

The starchy plant foods traditionally have served as the primary source of
energy since societies and agriculture have evolved. Their whole,
unprocessed forms represent a plentiful source of dietary fiber and other
micronutrients. With the trends toward increased industrialization and
urbanization, consumption of these whole foods has decreased, with more
being consumed in the refined form of cereal grains. These processed food-
stuffs are more energy dense and generally contain added fat, sugar, or salt,
thereby lowering the overall nutrient value of the food. Roots and tubers,
when eaten with their skins on, provide a rich source of fiber and micronutri-
ents as well; however, most urbanized populations tend to eat them in a more
processed form.
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In general, the evidence that grains, roots, tubers, or plantains are able to
modify cancer risk is not convincing. Probable data do suggest that foods
containing fiber likely have a protective effect against colorectal cancer, with
limited data suggesting that such fiber-containing foods may lower the risk of
esophageal cancer. Rich sources of fiber include unprocessed grains, roots,
tubers, and plantains, as well as fruits, vegetables, and legumes. Fiber’s pro-
tective effect is thought to be due to its bulky, satiating effect and the fact
that fiber-containing foods are also low in energy. Additionally, fiber dilutes
fecal contents, increases stool weight, and decreases transit time, effectively
removing potentially carcinogenic compounds within the intestinal tract, as
well as fermentation by-products produced by the gut flora from various
dietary carbohydrates.

Aflatoxins, which are naturally occurring mycotoxins produced by certain
molds or fungi, are classified as human carcinogens.? Although most molds
are destroyed by the cooking process, the toxins they produce may persist in
the cooked foods. The main foods prone to contamination by aflatoxins are
cereal grains and legumes, and this issue is considered to be the most prob-
lematic in countries with hot, humid climates and poor storage facilities. Afla-
toxins become a worldwide problem when these contaminated foods are
exported to other countries. Cohort and case-control studies have shown a
convincing association between aflatoxin biomarkers and hepatocellular car-
cinoma, possibly due to its interaction with the GST genotype. Evidence
shows that the positive GSTM1/GSTTI genotypes are protective against liver
cancer from hepatitis infection combined with aflatoxin exposure, while the
negative GSTM1/GSTT1 genotypes increase risk.* Other conceivable mecha-
nisms include the production of epoxide products of aflatoxin, which are com-
monly found in the liver and known to be genotoxic to the p53 gene, leading to
the increased proliferation of abnormal cells and causing the progression of
cancer.”® Additionally, the synergistic effect of hepatitis infection and afla-
toxin exposure may be explained by the increased production of the enzyme
CYP1A2, which is responsible for the increased production of the genotoxic
metabolites of aflatoxin. Likewise, the hepatitis virus may increase gene
transversion, inhibit nucleotide repair, or act as a tumor promoter.” In any
event, strong evidence supports the existence of a dose-response relationship
between aflatoxin-contaminated foods and liver cancer.

In conclusion, it is recommended to consume unprocessed grains and/or
legumes with every meal while limiting the intake of processed starchy foods.

Milk and Dairy Products

Until the late nineteenth century, cow’s milk was primarily used as an artifi-
cial substitute for breast milk to feed infants, with adults consuming very little,
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if any, of this product. With the industrialization of cattle farming in the
twentieth century, cow’s milk became a staple food in the United States and
other European countries, representing a major source of calcium as well as
other vitamins, minerals, and protein.

Data from cohort studies suggest that milk is probably protective against
colorectal cancer, with limited evidence suggesting it is protective against
bladder cancer and a causative factor in prostate cancer. Interestingly, lim-
ited data suggest that cheese consumption may be a causative factor in col-
orectal cancer, despite milk and dairy products’ protective effects against
colorectal cancer. The ability of milk to decrease colorectal cancer risk
likely results in part from its calcium content, which decreases cell prolifer-
ation and/or promotes cell differentiation; calcium also protects the gastroin-
testinal lining by binding to potentially damaging bile and fatty acids.*

Alternatively, calcium may actually increase prostate cancer risk by reduc-
ing circulating 1,25-dihydroxyvitamin D, which is thought to inhibit develop-
ment of prostate cancer through its ability to regulate prostate growth and
differentiation.** Other hypotheses seeking to explain the association between
dairy products and prostate cancer point to the effects of the increased con-
centrations of insulin-like growth factors® or estrogens® found in these foods.

Finally, while no specific mechanism has been identified, cheese could
plausibly cause colorectal cancer through an indirect mechanism related to
its saturated fat content. Saturated fat may increase insulin production and
expression in colorectal cells as well as stimulate the production of inflam-
matory mediators associated with carcinogenesis.”

Fats and Oils

Similar to meat and dairy consumption, fat and oil intake tends to increase
with greater industrialization and urbanization. Specifically, commercially
bred animals have a higher fat content than wild animals. On a global scale,
production and consumption of animal fats and plant oils continues to
increase. Contradicting previous reports, only limited evidence now suggests
that diets high in fats and oils might be causative of some types of cancer.
Fats can be classified as either saturated or unsaturated, depending on
their chemical structure. Liquid oils in general have higher concentrations of
unsaturated fatty acids, whereas solid fats have higher concentrations of sat-
urated fatty acids. The two essential polyunsaturated fatty acids, linoleic
acid (Q-6) and linolenic acid (€2-3), are important lipid constituents whose
amounts in the diet were once thought to be roughly equal. More recently,
trends toward greater urbanization have caused vegetable oils, which are
predominantly composed of -6 fatty acids, to become more widely avail-
able. Thus the ratio of Q-6 to Q-3 fatty acids has gradually increased to
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between 10:1 and 20:1 in most high-income countries.* This imbalance in
fatty acids is concerning because the Q-3 fatty acids have a known immune-
enhancing effect, whereas the -6 fatty acids may have a suppressing effect
on the immune system, thereby increasing cancer risk.*

Trans-fatty acids are unsaturated fatty acids that have been partially
converted to saturated fatty acids by the hydrogenation process, resulting
in chemically unsaturated fatty acids that behave like saturated fatty
acids. This process alone has greatly increased the production and con-
sumption of total fat and saturated fat throughout the world, thereby con-
tributing to the steady increase in consumption of energy-dense foods
and, indirectly, obesity.

Limited evidence suggests that consumption of total fat is a contributing
factor in the progression of lung cancer, although no evidence for a plausible
mechanism has been identified.” Of course, the primary modifiable cause of
lung cancer remains the smoking of tobacco products.

Select, speculative data suggest that total fat intake is also causative of
postmenopausal breast cancer, possibly due to the increased production of
endogenous estrogen derived from dietary fat intake.” The recent results of
the prospective low-fat dietary modification trial of the Women’s Health Ini-
tiative (WHI), however, did not demonstrate a reduction in breast cancer risk
among postmenopausal women consuming a low-fat (20-25% total energy
intake) diet for more than 7 years,* perhaps due to poor adherence to the diet
plan. Nevertheless, a small reduction in risk was observed among the subset
of women entering the trial who had the highest dietary fat eating pattern at
baseline. Further, an analysis of cancer incidence related to fat intake under-
taken in 2007 from the WHI study showed that ovarian cancer risk is
reduced in women who adhere to a low-fat eating pattern post menopause.*
Additionally, low-fat diets are generally associated with higher fiber intake,
which may assist in reducing total estrogen concentration in the body by
decreasing intestinal reabsorption. Other likely mechanisms include a
decrease in the sex hormone-binding globulin associated with increased
body mass, leading to elevated concentrations of free estradiol," or early
menarche related to energy-dense diets, which is an established risk factor
for breast cancer.®

Limited but consistent evidence suggests that consumption of animal fats
is a contributing factor in colorectal cancer. However, in terms of cholesterol
and trans-fatty acids, there is insufficient corroborative evidence specifically
linking these lipids to cancer risk. The low-fat diet intervention studied in
the WHI dietary modification trial participants, for example, showed no
association between adoption of a low-fat diet post menopause and colorectal
cancer risk.®
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Sugars and Salts

Sugars and salts are most commonly consumed as ingredients in processed
foods. Consumption of these foods is increasing globally. Specifically, intake
of added sugars is rising with the trend toward increased ingestion of sugary
beverages, such that sugars now account for a substantial quantity of total
energy intake. The consumption of salt, though variable worldwide, has also
generally risen with increasing availability. Excess sugar and salt intake has
been associated with obesity and cardiovascular disease, respectively, in
addition to certain cancers.' "

It is difficult to assess the overall effect of sugar as a modifier of cancer risk
because of the inconsistencies in the classification of sugars. Sugars may, for
example, be categorized as sucrose, maltose, lactose, glucose, fructose,
refined sugars, high-fructose corn syrup, chemical sweeteners, or naturally
occurring intrinsic sugars. Further, the United States Department of Agricul-
ture (USDA) database for quantifying sugar in foods is relatively incomplete,
making the use of this variable by epidemiological studies difficult at best.
Additionally, sugar’s contribution to body weight may influence cancer risk.
While the data are hard to interpret, there is limited evidence that sugar
intake is a contributory factor in the development of colorectal cancer.

Despite the World Health Organization’s (WHO) recommendation of restrict-
ing salt consumption to less than 5 g per day, worldwide the consumption of
salt has been estimated to vary from between 6 g and 18 g per day. A substan-
tial body of probable evidence related to total salt intake, added table salt, and
sodium intake supports salt’s role as a mechanistic cause of stomach cancer,
possibly related to damage to the stomach lining by excess salt intake.* Fur-
ther, elevated salt intake has been shown to increase the formation of endoge-
nous N-nitroso compounds,” demonstrate a synergistic effect with gastric
carcinogenesis,” and contribute to gastric cancer in subjects with Helicobacter
pylort infections who have also been exposed to a carcinogen.®

Beverages

When referring to beverages and cancer risk, this section focuses on water,
fruit juices, soft drinks, and hot drinks; alcohol is considered separately later
in the chapter.

Water quality and sufficiency is a worldwide public health issue, as water
may be easily compromised by chemicals or microbiological contamination.
Water is also an essential nutrient; without it, people die within a matter of
days. Fruit juices are frequently diluted with water and contain added sugar,
while soft drinks are made almost entirely from water, sugar, coloring, flavoring,
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and combinations of herbs and other ingredients to enhance taste. The pri-
mary hot drinks consumed worldwide are coffee and tea, both of which con-
tain stimulants and other bioactive ingredients that are generally consumed
with the addition of milk and sugar. A variety of herbal mixtures are also
consumed, including maté, a South American tea-like beverage.

Overall, the evidence related to non-alcoholic drinks and cancer risk
focuses on water supply contamination with arsenic or irritation to the oral
cavity by the very-high-temperature consumption of maté or other hot bever-
ages. Arsenic residues can result from agricultural, mining, and industrial
processes, or from naturally occurring volcanic activity. Arsenic is a known
human carcinogen.® WHO guidelines recommend that arsenic levels in
drinking water not exceed 10 mcg/L, although in affected areas these levels
may range from tens to thousands of micrograms per liter.’? Other factors in
the water supply that are known to increase cancer risk include contamina-
tion by H. pylori (associated with stomach cancer)® and infestation by schis-
tosomes (parasitic worms found in the blood of humans and other mammals
that are associated with bladder and liver cancer).®

Convincing data exist that arsenic in drinking water is causative of lung
cancer, probable data demonstrate that arsenic in drinking water causes
skin cancer, and limited data show that it causes kidney and bladder can-
cer. Several mechanisms have been proposed to explain how arsenic may be
associated with increased cancer risk. Arsenic is known to cause changes in
the methylation of oncogenes or tumor-suppressor genes; increase the gen-
eration of free radicals; and cause the depletion of reduced glutathione,
leading to a chronic state of oxidative stress that can damage DNA and
induce cell proliferation.*

Constant irritation to the epithelial surface by very hot beverages may
increase cancer risk due to chronic inflammation. Evidence suggests that
chemically irritating components within beverages may be a causative factor
in cancer progression, although few data exist to confirm this relationship. It
is generally believed that the increased risk derives from the extremely hot
temperature or, more likely, from a combination of the high temperature and
chemical irritants in the beverage.

The evidence is too limited in amount, consistency, and quality to draw
any conclusions about the consumption of soft drinks and fruit juices and
modulation of cancer risk. By contrast, tea—especially black and green
tea—is known to contain various antioxidants and phenolic compounds that
exhibit promising anticarcinogenic effects. However, the evidence has been
inconsistent in suggesting regular tea consumption may be protective against
certain types of cancer. Perhaps the inconsistencies in the data are related to
the different cultures within which these teas are consumed. For example,
the ways in which teas are prepared and drunk vary significantly between
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cultures in regard to how strong the tea is and whether it is consumed with or
without milk and sugar; both of these factors may influence its anticarcino-
genic potential.

Maté, which is prepared by steeping the dried leaves of yerba maté, is
typically drunk scalding hot through a metal straw. This practice gener-
ates repetitive damage and inflammation to the mouth, pharynx, larynx,
and esophagus, resulting in increased cancer risk. Although evidence on
this issue is limited, it suggests that maté and other hot beverages may be
a contributing factor in the progression of mouth, pharynx, larynx, and
esophageal cancers.

Alcohol

Alcoholic drinks can be produced from the fermentation of many plants and
some animal foods, with the alcohol content of the different beverages vary-
ing greatly. The main alcoholic drinks consumed include beers, ciders,
wines, and liquors. These libations have been popular in most populations
ever since alcohol’s effects on mood were identified, although the level of
intake varies widely depending on availability, price, culture or religion, and
dependency. The active ingredient present in alcohol, ethanol, has been
labeled a human carcinogen.”

Convincing evidence suggests that alcoholic drinks are causative of
mouth, pharynx, larynx, and esophageal cancers, as well as breast cancer in
women and colorectal cancer in men. Alcohol is a probable cause of liver
cancer in men and women, and colorectal cancer in women. The reactive
metabolites of alcohol, such as acetaldehyde, are likely to be carcinogenic.®
Further, alcohol may modulate the production of prostaglandins, lipid perox-
idation, and free radicals; enhance the penetration of carcinogens into cells
through its solvency actions; and alter retinoid status effecting cellular
growth, cellular differentiation, and apoptosis.®

Epidemiological studies suggest that in assessing alcohol’s contribution to
cancer risk, using breast cancer as an example, folate intake/status may be of
particular importance. Women with low folate intake are especially vulnera-
ble in terms of the cancer-promoting effects of alcohol intake.” Heavy alco-
hol consumers are also more likely to have nutrient deficiencies, which
together with the previously mentioned factors may increase the risk of can-
cer development.

If alcoholic drinks are consumed, they should be limited to no more than
two drinks per day for men and one drink per day for women. Sufficient
folate intake should be promoted in those wishing to consume alcohol in any
amount. Table 6.4 provides recommended portion sizes for various types of
alcoholic beverages.
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Table 6.4 Recommended Serving
Sizes for Alcoholic Beverages*

Beer: 12 ounces

Wine: 5 ounces

Distilled spirits: 1.5 ounces

Wine cooler: 10 ounces

*One drink is defined as having /2 ounce
(approximately 14 g) of pure ethanol.

Dietary Supplements

In this section, dietary supplements such as vitamins, minerals, and phyto-
chemicals are considered separately from whole foods and their subsequent
effects on cancer risk. The manufacturing and marketing of dietary supple-
ments has escalated ever since claims regarding their health-promoting ben-
efits in the prevention of disease were postulated. The effect of these
bioactive substances differs depending on the quantity consumed. Conse-
quently, evidence from clinical studies is difficult to interpret because differ-
ent combinations and concentrations are used in the various investigations.
Moreover, while nutrients at lower doses may be protective against cancer
risk, higher doses may actually be toxic or pathogenic, further complicating
the interpretation of the evidence.

BAFCs are bioactive constituents of plant foods that are not considered to
be essential, but whose consumption has been shown to have beneficial effects
on health and in the prevention of diseases due to the substances’ antioxidant,
anticarcinogenic, anti-inflammatory, antimicrobial, and immunomodulatory
effects."! Phytochemicals are classified as flavonoids, isoflavones, glucosino-
lates, terpenes, organosulfur compounds, saponins, capsaicinoids, or phytos-
terols; they are found in many vegetables, fruits, legumes, herbs, and teas.

Retinoids demonstrate antitumor actions, although their mechanisms of
action are not well understood. Retinol is known to bind to cell receptors and
promote cellular differentiation, alteration of membranes, and induction of
immunological adjuvant effects,” suggesting that retinol supplements might
be protective against squamous cell skin cancer. Conversely, limited data
suggest that high-dose intake of retinol supplements is a causative agent for
lung cancer in smokers. Convincing evidence also demonstrates a causative
effect for high-dose beta-carotene supplements in lung cancer in smokers.
Perhaps the protective association of carotenoid intake against cancer risk is
lost or reversed at very high doses, or the protective effect of naturally occurring



The Role of Diet m

carotenoids is not due to the individual carotenoids but rather to the syner-
gistic effect of all the carotenoids together, or in combination with other
dietary constituents.

Alpha-tocopherol is thought to be the most biologically active of the eight
different isomers that exist for vitamin E. This substance is known to inhibit
cellular proliferation, directly activate certain enzymes, and demonstrate tran-
scriptional control over several genes.” Alpha-tocopherol has also demon-
strated the ability to inhibit the propagation of prostate tumors in animal
models.® The research on this topic is sparse, but suggests that alpha-toco-
pherol supplementation might have a protective effect against prostate cancer.

1-25-dihydroxyvitamin D, a vitamin D metabolite, has antiproliferative,
pro-differentiation, and apoptotic effects in some cells that are mediated by
the vitamin D receptor. Additionally, a high level of sunlight exposure, which
can convert 7-dehydrocholesterol into vitamin D, in the skin, has been cor-
related with lower breast cancer incidence and mortality in ecological stud-
ies. These observations, together with experimental evidence, have inspired
the hypothesis that high levels of vitamin D might reduce the risk of breast
cancer. Notably, however, the effects of vitamin D are strongly correlated
with its interactions with calcium, as both of these substances are growth-
restraining and able to induce cell differentiation and apoptosis. Further
complicating the interpretation of the data is the fact that the biologically
active form of vitamin D is dependent on diet, supplements, and UV expo-
sure to the skin. Inconsistent evidence from cohort and ecological studies
implies that consumption of foods containing vitamin D and improvement in
vitamin D status may be protective against colorectal and breast cancer,
respectively.

Calcium plays an important role as a second messenger affecting numer-
ous cellular functions throughout the body. Consistent evidence exist that
calcium probably protects against colorectal cancer, possibly through its
direct growth-restricting, differentiation, and apoptosis-inducing actions
toward normal and tumor colorectal cells. Additionally, calcium may bind to
bile and fatty acids, thereby decreasing injury to the intestinal lining. Evi-
dence of varying quality has demonstrated a dose-response relationship
between calcium intake and colorectal cancer; importantly, however, ele-
vated levels of calcium intake have also been correlated with increased risk
for prostate cancer.

An insufficient intake of selenium has been noted to cause a lack of
selenoprotein expression; these proteins have numerous anti-inflammatory
and antioxidant functions, as previously discussed. Selenoproteins appear to
reach their maximal levels easily with normal dietary selenium intake and do
not increase with supplementation. Nevertheless, it is postulated that supra-
physiological concentrations might influence programmed cell death, DNA



m Chapter 6 Nutrition and Cancer Prevention

repair, carcinogen metabolism, the immune system, and antiangiogenic prop-
erties.”? Strong, probable evidence suggests that selenium protects against
prostate cancer; limited evidence indicates that it is protective against lung
cancer. Conversely, some data suggest that selenium supplements may be
causative of skin cancer.

A review completed by U.S. Preventive Services Task Force concluded
that the evidence is either too limited or too inconsistent to make a recom-
mendation in support of or against any type of supplement use for the pre-
vention of cancer.” It is recommended that the general population achieve
nutritional adequacy without the addition of dietary supplements. Supple-
ments should be prescribed when dietary approaches are inadequate in
achieving average daily intake goals.

Food Production, Preservation, Processing, and Preparation

The various methods of food preparation and preservation employed may
also modify cancer risk. Nearly all foods and beverages are altered in some
manner before they are consumed. Thus it is plausible that the various meth-
ods of processing and/or preservation might have protective, causative, or
neutral effects on the risk of cancer.

The use of synthetic pesticides and herbicides has greatly increased since
the middle of the twentieth century, with an estimated 2,500 tons of these
chemicals being used worldwide in 2001. In many countries, the use of pes-
ticides and herbicides is regulated to minimize the buildup of residues in
foods and drinks. Although no epidemiological data exist that show current
levels are carcinogenic, theoretical grounds for concern remain.

Another cause for concern is the use of veterinary drugs to treat and pre-
vent infectious diseases and/or promote growth in industrial animal produc-
tion. If any of these medications are found to be carcinogenic, they are
removed from the market, of course. Nevertheless, the toxicity of such drugs
remains constantly under review.

The use of genetic modification techniques for the production of foods for
human and animal consumption is regulated in most, but not all, countries.
Currently, the effect of gene modification on cancer risk is unknown because
there are too few data available from which to draw any decisive conclusions.

The many methods for preserving foods include drying, fermenting, can-
ning and bottling, pasteurizing, chemical preservation, and irradiation. The
safety of such methods is continually reviewed, and to date no consistent
associations between preservation and cancer risk have been identified.

Many processed foods contain additives that may be either synthetic or nat-
urally occurring, such as bulking aids, colors, flavors, and solvents. Although
these additives may serve useful functions, they may also be toxic, mutagenic,
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and/or carcinogenic. For that reason, these additives face constant scrutiny
regarding their safety.

The naturally occurring aflatoxins, which are known carcinogens, are pro-
duced by certain molds or fungi in cereal grains and legumes. Although they
are usually destroyed by the cooking process, the toxins they generate may
remain if the grains or legumes are kept in hot, humid climates and poor
storage facilities.

Lastly, preparation methods such as industrial cooking, steaming, boiling,
stewing, baking, roasting, microwaving, frying, broiling, and barbequing may
alter cancer risk, but currently the evidence is too limited in amount to draw
any conclusions. It is recommended to avoid salted foods and moldy grains
or legumes.

The Role of Physical Activity

Physical activity can be classified as occupational, household, transporta-
tion, or recreational, and can be further identified as vigorous, moderate,
light, or sedentary, with a combination of frequency, intensity, and duration

determining total physical activity levels. General levels of physical activity
have declined in recent decades, with more machines performing the work
that was previously done by hand, and transportation, which was once
accomplished by walking or cycling, being carried out by automobiles. In
most industrialized countries, people engage in some form of recreation,
although in general they remain largely inactive, performing mostly seden-
tary activities.

Studies have found that physical inactivity is related to a higher overall
cancer incidence and mortality.** Hypothesized mechanisms for the protec-
tive association of increased amounts of physical activity include the promo-
tion of healthy levels of circulating hormones and the ability to consume
more foods without accompanying weight gain. Additionally, the evidence
indicates that the more people are physically active, the better their potential
for lowering their cancer risk. No threshold level in regard to physical activ-
ity and cancer risk has been identified.

A number of mechanisms have been recognized as potential ways in
which physical activity may protect against colorectal cancer, including
reduction in insulin resistance, beneficial effects on body fat levels, benefi-
cial effects on steroid hormones, and reduction of gastrointestinal transit
time.® An abundant and convincing body of evidence demonstrates that
higher levels of physical activity are associated with lower risk of colorectal
cancer. Limited data suggest that physical activity is protective against
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premenopausal breast cancer and probably protective against postmeno-
pausal breast cancer. The proposed protective mechanisms in these types
of cancer are the beneficial effect on body fat levels, the reduction of circu-
lating estrogen and androgens, and possible enhancement of the immune
system.® Furthermore, studies consistently find that physical activity may
lower the risk of endometrial cancer through mechanisms similar to those
proposed for breast cancer.

The evidence regarding the protective effects of physical activity on lung
and pancreatic cancers is limited but suggest that exercise may lower the
risk of developing both types of cancer. No specific mechanisms for the
reduction of lung cancer risk have been identified, and the association is
complex, possibly reflecting reverse causation due to chronic lung disease.
The mechanisms by which physical activity may lower pancreatic cancer
risk include a reduction in insulin resistance and gastrointestinal transit
time, with the latter factor having beneficial effects on the content and secre-
tion of bile and affecting general pancreatic activity.

It is recommended that individuals be moderately physically active for at
least 30 minutes or more every day and to limit their sedentary habits as
much as possible.

The Role of Body Weight

The degree of body fatness, rates of growth and their outcome, and lacta-
tion all affect cancer risk throughout the lifespan. The rates of over-

weight and obesity doubled in many high-income countries between
1990 and 2005. Being overweight or obese increases the risk for a num-
ber of diseases, including dyslipidemia, hypertension and stroke, type 11
diabetes, coronary heart disease, and selected cancers, and shortens life
expectancy.®

The distribution of body fat varies from person to person and is prima-
rily determined by genetics. Body fat may accumulate subcutaneously or
viscerally, as well as peripherally or abdominally. Estimates of body fat
levels can be made by measuring waist-to-hip circumference or body mass
index (BMI; see Table 6.5), with waist-to-hip circumference (or abdominal
fatness) generally considered to be a better predictor of chronic diseases
such as cardiovascular or metabolic disease. The WHO reference values
for waist measurements are 37 inches for men and 31.5 inches for women,
roughly correlating to a BMI of 25 kg/m2.! Adult weight gain generally
occurs as a result of accumulation of fat rather than lean tissue, and it
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Table 6.5 Body Mass
Index Classification

Classification BMI (kg/m?)

Underweight: BMI < 18.5

Normal weight: BMI = 18.5-24.9

Overweight: BMI = 25.0-29.9

Obese: BMI > 30.0

Morbidly obese: BMI > 40.0

may more accurately reflect body fatness than just an increase in body
mass alone. The recommended median adult BMI is in the range of 21
to 23 kg/m?. Ideally, the proportion of the population that is overweight
or obese will not exceed the current level, or preferably be lower, in
10 years.

Body fatness has been acknowledged as a probable cause of esophageal,
pancreatic, colorectal, postmenopausal breast (probable for premenopausal
breast cancer), endometrial, and kidney cancers, and limited evidence indi-
cates that it may cause liver and lung cancers. Evidence for a relationship
between excess abdominal fat and increased cancer risk is convincing in
regard to colorectal cancer, and excess abdominal fat is considered a proba-
ble cause of pancreatic, postmenopausal breast, and endometrial cancer.
Lastly, adult weight gain has been identified as a probable cause of post-
menopausal breast cancer.

There are several plausible mechanisms by which excess body and abdom-
inal fat might modify cancer risk. First, elevated body fat levels increase the
inflammatory response. Second, increased body fat levels increase the con-
centration of circulating estrogen. Third, excess body fat decreases insulin
sensitivity.” Further, the elevated levels of insulin-like growth factor 1 (IGF-1),
insulin, and leptin found in obese individuals can promote the growth of can-
cer cells.®

Growth during childhood is a predictor of age at sexual maturity as well
as eventual attainment of adult height, and the rate of growth has metabolic
and hormonal effects that can influence cancer risk throughout the lifes-
pan. Based on the evidence, greater adult attained height appears unlikely
to modify cancer risk directly, but it is a marker for genetic, environmental,
hormonal, and nutritional factors affecting growth from preconception to
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the completion of linear growth. For every tissue or organ, unfavorable
environmental influences—such as inadequate nutrients or energy
obtained—during critical periods of development can restrict growth and
impair future functioning, with the timing, severity, and duration determin-
ing the extent of the potentially negative impact.

Growth can be divided into three phases: fetal-infant, childhood, and
puberty. Growth during the fetal-infant period is considered the most vul-
nerable to the availability of nutrients and energy. When nutrient intake is
suboptimal, brain growth is protected relative to stature growth, which in
turn is less affected than increases in body weight. Negative influences on
growth during this period tend to affect a person’s future adult height and
body shape. For example, any nutrient deficiency during this critical period
may result in a person’s predisposition to excess body fatness because his or
her energy intake exceeds the available nutrients’ ability to lay down lean
tissue mass; as a consequence, any excess of energy is stored as fat. In gen-
eral, individuals characterized by a lower birth weight have a greater ten-
dency to store fat, resulting in an increased risk of overweight and obesity.
Speculative evidence has also led to the hypothesis that a greater birth
weight is a probable cause of premenopausal breast cancer. The effects of
lactation during the infant period on body weight and cancer risk will be
considered separately.

Growth hormones, insulin-like growth factors, and sex hormone-binding
proteins all affect height, growth, sexual maturity, fat storage, and other
various processes that may be relevant to cancer development. For this
reason, nutritional factors that alter height might also potentially influence
cancer risk. Convincing evidence suggests that various factors influencing
attainment of a greater adult height are causative agents for colorectal can-
cer and postmenopausal breast cancer. Of course, this risk is unlikely to be
due to height alone, but instead probably reflects a combination of factors
promoting linear growth in childhood. The data imply that a greater adult
height is a probable cause of premenopausal breast, pancreatic, and ovary
cancers, and limited data support the supposition that it is a cause of
endometrial cancer.

Human milk is the natural, complete food for infants until six months of
age, with no truly equivalent substitute. Not only does breast milk provide
a complete source of nutrition, but it also provides immunologically active
components. However, the hormones associated with amenorrhea and
infertility are actually believed to be substances that modify cancer risk,
probably due to the decreased lifetime exposure to menstrual cycles.
Decreased exposure to certain hormones, such as androgen, can also
influence cancer risk.” Abundant and consistent data demonstrate that
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lactation has a convincing protective effect against premenopausal and
postmenopausal breast cancer, with limited evidence suggesting that it is
protective against ovarian cancer. It is recommended that women exclu-
sively breastfeed infants for the first six months of life and continue with
complementary feeding thereafter.

Cancer Survivorship

The total number of cancer survivors worldwide continues to grow. In tan-
dem, awareness of their unique needs has increased. In particular, lifestyle
modifications’ potential to prevent cancer recurrence and the need for
improved quality of life both during and after cancer treatment have gener-
ated significant interest in recent decades. As yet, research into the effects of
food, nutrition, physical activity, and body weight on cancer survivorship
remains in the early stages. For that reason, recommendations regarding the
prevention of future cancer events cannot not be made with certainty.
Despite the lack of data on this issue, when possible and appropriate, the
same recommendations made for primary cancer prevention should also be
applied to cancer survivors to prevent future recurrence as well as to improve
general quality of life. Specifically, it is recommended that all cancer sur-
vivors receive nutritional care from an appropriately trained professional
and, if able, aim to follow the recommendations for diet, healthy weight, and
physical activity.

SUMMARY

The role of diet, physical activity, and body composition in cancer preven-
tion and recurrence is a subject of active research, as reflected by current
cancer prevention recommendations by organizations focused on chronic

diseases. The worldwide prevention of cancer remains a vital, and largely
unsolved, challenge. Currently, the evidence suggests that appropriate
modifications of food intake, physical activity levels, and body composition
are effective ways of addressing this need. For that reason, clinicians
should encourage their patients to consume an increased plant-based, low-
fat, complex-carbohydrate-rich diet; to engage in increased physical activ-
ity; and to maintain a healthy body weight through small, attainable,
lifelong behavior change. A summary of the recommendations is provided

in Table 6.6.
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Table 6.6  Summary of the Recommendations for Nutrition, Physical

Activity, and Body Composition for the Prevention of Cancer

Meat, poultry, fish, and eggs

Limit intake of red meat to no more than three 3- to 4-oz
servings per week, and avoid processed meats altogether.

Plant foods

Eat mostly foods of plant origin, with an average daily
consumption of 21 oz of non-starchy vegetables and fruits
and 25 g of unprocessed cereal grains and legumes.

Grains, roots, tubers, and
plantains

Consume unprocessed grains and/or legumes with every
meal, and limit the intake of starchy foods.

Alcohol

If alcoholic drinks are consumed, limit to no more than two
drinks per day for men and one drink per day for women.
Sufficient folate intake should be promoted in those
wishing to consume alcohol in any amount.

Dietary supplements

The general population should strive to achieve nutritional
adequacy without the addition of dietary supplements.
Supplements should be prescribed when dietary
approaches are inadequate in achieving average daily
intake goals.

Food production,
preservation, processing,
and preparation

Avoid salted foods and moldy grains or legumes.

Physical activity

Be moderately physically active for at least 30 minutes or
more every day, and limit sedentary habits as much as
possible.

Body weight

Strive to maintain a median adult BMI between 21 and

23 kg/m?.

Lactation

Exclusively breastfeed infants for the first six months of
life, and continue with complementary feeding thereafter.

Survivorship

All cancer survivors should receive nutritional care from
an appropriately trained professional and, if able, aim to
follow the recommendations for diet, healthy weight, and
physical activity.

Author; 2007.

Source: Adapted from World Cancer Research Fund/American Institute for Cancer Research. Food,
Nutrition, Physical Activity, and the Prevention of Cancer: A Global Perspective. Washington, DC:
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Chapter 7

Esophageal and Head and
Neck Cancer

Elisabeth Isenring, PhD, AdvAPD*

INTRODUCTION

The term head and neck cancer (HNC) is used to describe a range of
malignant tumors located in the head and neck area. Patients with
esophageal cancer (EC) experience many of the same nutritional chal-
lenges as those with HNC and, therefore, will also be covered in this
chapter. Disease-related malnutrition is common in patients with both EC
and HNC"? and is associated with increased morbidity and mortality.* *
HNC therapies include surgery, radiation therapy, chemotherapy, or a
combination of these modalities. Treatments for EC and HNC are continu-
ally evolving and improving but may result in significant side effects for
the patient. Strong evidence indicates that dietary counseling improves
nutritional status and quality of life (QoL) in patients with EC or HNC.>7
Some evidence—albeit at a lower level, mainly from retrospective stud-

ies—also suggests that using tube feeding for patients who would other-
wise be unable to manage sufficient dietary intake leads to earlier
commencement of nutritional support® and less weight loss.> ' A multidis-
ciplinary approach is the preferred management method for patients with
EC or HNC. Early referral and management by the dietitian and speech
pathologist and effective management of symptoms by the medical team
are vital for best nutritional and QoL. outcomes."

*AdvAPD = Advanced Accredited Practicing Dietitian of the Dietitians Association of Aus-
tralia in recognition of expertise and leadership to the profession.
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What Are HNC and EC?

HNC describes a range of malignant tumors located in the head and neck
area, including the mouth, nose, throat, larynx, and sinuses. In the United
States, the five main types of HNC include (1) oral and oropharyngeal
cancer, (2) salivary gland cancer, (3) laryngeal and hypopharyngeal can-
cer, (4) nasopharyngeal cancer, and (5) nasal cavity and paranasal sinus can-
cer.” Most HNC tumors are squamous in nature, but more rarely patients
may develop non-squamous tumors in the sinus and salivary glands."
Cancer of the esophagus starts in the innermost layer of the esophageal

wall and extends outward. Esophageal tumors are usually squamous cell car-
cinomas or adenocarcinomas.™

The most common presenting symptoms for patients with EC or HNC
include a sore that does not heal, swallowing difficulties, and a lump on the
neck.”? Detecting HNC at an early stage increases the chance of a cure.”
Five-year survival rates are good (approximately 90%) when HNC tumors are
detected and treated early, but are much lower for advanced-stage tumors.!2

Tonsils

Epiglottis

N EEf

Vocal cords

Figure 7.1  Head and Neck Area
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Statistics and Risk Factors

In the United States, HNC accounts for 3-5% of all cancer cases.” An
estimated 45,660 people were expected to be diagnosed with HNC, with
11,210 people predicted to die from HNC in 2007."> In 2007, an estimated
15,560 people in the United States were anticipated to be diagnosed with EC,
with an estimated 13,940 deaths occurring from this disease in that year."”

Both EC and HNC tend to be more common in males. The most notable
modifiable risk factors for developing HNC include the use of tobacco and/or
marijuana and frequent, heavy consumption of alcohol.' For primary preven-
tion of HNC, research suggests that consuming a diet characterized by high
fruit and vegetable intake is important.”” However, few studies have exam-
ined whether a diet meeting the recommended fruit and vegetable intake
reduces the risk of cancer recurrence or improves survival.

A recent Australian study evaluating patients with adenocarcinomas of the
esophagus (n = 367) compared with population-matched controls (n = 1,580)
reported that obesity (body mass index [BMI] > 40 kg/m?) increases the risk
of esophageal adenocarcinoma (odds ratio [OR] 6.1; 95% confidence interval
[CI] 2.7-13.6) independent of other factors, especially in males.'® Persons
with a BMI > 40 kg/m? and frequent gastroesophageal reflux symptoms had a
significantly elevated EC risk (OR 16.5; 95% CI 8.9-30.6) compared to peo-
ple with a BMI > 40 kg/m? but experiencing no reflux symptoms (OR 2.2;
95% CI 1.1-4.3) or having reflux but with a BMI < 40 kg/m? (OR 5.6; 95%
CI 2.8-11.3).® These data suggest not only that obesity elevates the risk of
EC, but also that obesity and gastroesophageal reflux symptoms may syner-
gistically potentiate EC risk.

Consuming a balanced diet that meets fruit and vegetable dietary recom-
mendations, avoiding or limiting alcohol consumption, and avoiding smoking
appear to decrease the risk of developing HNC. These recommendations may
also decrease the risk of developing EC, when combined with attaining and
maintaining a healthy body weight and achieving effective management of
gastroesophageal reflux symptoms.

Treatment

The management of EC and HNC has become increasingly complex with the
trend toward combining treatment modalities and the introduction of new
therapeutic technologies.” Advances in chemoradiation treatment and
reconstructive surgery have made the treatment of EC and HNC dependent
not only on tumor stage, primary subsite, and histology, but also on physician
expertise and patient preference."” Several combinations of treatments are
available for the management of EC and HNC, with advances continuing to
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occur. The treatment of choice for patients with EC or HNC should be deter-
mined by a multidisciplinary team and primarily depends on the size and
location of the tumor, metastasis (if any) of the tumor, and the patient’s over-
all health.? The continuum of cancer survivorship is associated with differ-
ent nutritional needs and challenges, given that patients may be at any stage
along the continuum: cancer treatment, recovery, living after recovery, or liv-
ing with advanced cancer.?

Surgery

The aim of surgery is to remove the tumor with a margin of healthy tissue. If
the cancer has spread, the neck lymph nodes may need to be removed as
well. Surgery for major tissue removal (e.g., jaw, pharynx, or tongue) may
require plastic surgery to replace missing tissue.!?

The mode of treatment will affect nutritional outcomes. Surgical interven-
tion, for example, can cause swallowing difficulties dependent on the degree
and site of the resection. Resection of the floor of the mouth or base of the
tongue places a patient at greater risk of requiring supplemental feeding.?' A
speech pathologist is likely to be required to provide ongoing review to help
with speech and swallowing for patients having surgery on the base of the
tongue. Side effects of surgery may include swelling, pain, and/or structural
deformities, such as loss of teeth, making it difficult to chew or swallow and
potentially limiting dietary intake (refer to Chapter 5).

Laser surgery may also be used to treat some forms of EC or HNC. Use of
a laser (more formally, “light amplification by stimulated emission of radia-
tion”) entails manipulation of high-intensity light that can be directed to
perform very precise surgical resection of surfaces or the lining of internal
organs; this type of surgery is generally carried out through an endoscope.
Laser surgery can be used alone but is often undertaken in combination
with more traditional surgery, chemotherapy, or radiation therapy. Laser
surgery is more precise than use of the traditional surgical scalpel, resulting
in less bleeding and damage to healthy tissue. Laser surgery also carries
a lower risk of infection. The main limitations of laser surgery are that
the surgeon must undergo specialized training, the treatment is expensive,
and the effects of laser surgery may not be permanent and may need to be
repeated for the best treatment outcomes.'

Radiation Therapy

Radiation therapy acts by directing x-rays to cause damage to cell DNA so
cells cannot replicate. Rapidly dividing cells (e.g., blood cells, hair cells, gut
mucosa cells) are the most susceptible to radiation damage. Radiation therapy
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can also exacerbate tooth decay; for this reason, patients with HNC should
see a dentist because damaged teeth may need to be removed prior to treat-
ment. Potential side effects of radiation therapy include mucositis,
odynophagia, thick saliva, xerostomia, trismus, pharyngeal fibrosis, and
decreased appetite as a result of changes in the senses of smell and taste (see
Chapter 4 for more detail).?>* Radiation therapy to the thyroid gland in the
neck area may lead to hypothyroidism, so patients should have their neck
area checked regularly.’

Chemotherapy

Chemotherapy can be used alone or as either neoadjuvant (before) or adju-
vant (after) therapy in combination with surgery or radiation therapy to treat
patients with EC or HNC. For example, patients may receive both chemo-
therapy and radiation therapy prior to esophagectomy. Chemotherapy treat-
ment is described in detail in Chapter 4.

Potential side effects of chemotherapy for HNC include nausea, vomiting,
diarrhea, constipation, mucositis, trismus, dry mouth, and loss of appetite.
Advances in the use of chemotherapy and radiation therapy together (con-
current chemoradiation) have led to improvements in survival and
local/regional tumor control for patients with advanced HNC,?* but often at
the expense of significant toxicity to the patient. In particular, severe
mucositis and weight loss have been expected toxicities of these new
chemoradiation regimens.” Allen et al.* evaluated the acceleration of hyper-
fractionated chemoradiation for advanced HNC (/V = 46) and found that this
therapy was feasible but required enteral feeding tubes in most patients.

Long-term swallowing difficulties may be a problem following chemoradi-
ation. As a consequence, ongoing liaison and review by the multidisciplinary
team, including a dietitian and speech pathologist, may be required.

Immunotherapy

Immunotherapy—in particular, monoclonal antibody therapy—is a recent
development for the treatment of metastatic squamous cell carcinoma of the
head and neck region. The epidermal growth factor receptor (EGFR) mono-
clonal antibody inhibitor works by attaching itself to the surface of cancer
cells, thereby preventing the EGFR from being activated. This approach stops
the tumor cells from dividing and has the potential for preventing the cancer
from growing. Currently, treatment with monoclonal antibody therapy can be
very expensive and may be offered as part of a clinical trial. The most common
side effect is a severe, acne-like rash, though some reports have indicated that
monoclonal antibody therapy may also result in nausea and diarrhea.”?
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Nutritional Challenges Associated with HNC
and EC

Cancer of the esophagus or head and neck can be particularly debilitating
because it affects the critical functions of speech, swallowing, and breath-
ing, as well as a patient’s appearance and social functioning.® Patients
with HNC have one of the highest malnutrition prevalence rates among all
diagnostic groups, with 25-50% of these patients classified as nutrition-
ally compromised prior to commencement of treatment.? % 2”2 The treat-

ment regimen itself can further compromise nutritional status. For
example, HNC treatment advances such as combined chemoradiation
compared with chemotherapy alone result in significant toxicity, which
can increase the incidence of swallowing disorders and greatly elevate
malnutrition risk." Many patients are required to spend large amounts of
time receiving medical treatment and waiting for appointments, which can
disrupt routines and lead to missed meals. Anecdotal reports indicate that
rural patients often need to travel long distances to receive treatment, and
their alternate accommodation may not have suitable cooking facilities or
the patient may not have the energy or skills to prepare suitable foods and
fluids.

Malnutrition can have many negative consequences. Impaired nutritional
status is associated with decreased Qol., physical function, and survival®
and, therefore, with increased personal, social, and healthcare costs.>* These
patients’ inability to eat and drink adequately places a significant burden on
both the healthcare system and the psychosocial well-being of the patient
and his or her caregivers.” The functions of eating and drinking play a large
role in social activity and participation, so it is not surprising that QoL in
HNC is affected by these domains in particular.?

The results of studies investigating QoL in patients with HNC, however,
are inconsistent. Despite demonstrating improved Qol., presumably associ-
ated with the nature of organ preservation treatments,” patient responses to
treatment toxicity and the resultant impact on QoL remain to be fully investi-
gated. Physicians are becoming increasingly aware that effective manage-
ment of patients should include the assessment of a broader concept of
outcomes such as QoL. Terrell*® suggests that Qol. may be a better predictor
of survival than clinical outcomes alone.

Significant loss of body weight is not only suggestive of a poor prognosis
and associated with decreased physical function and QoL but can also affect
treatment schedules. Weight loss during radiation therapy to the head and
neck can diminish the safety and effectiveness of the treatment, as the
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patient may require repeat CT scans to keep critical structures to within
accepted tolerance doses.? Significant amounts of weight loss can also affect
the chemotherapy regimen, preventing the patient from receiving the optimal
dosage.

Despite the association between malnutrition and poor outcomes, a mal-
nutrition and survival cause—effect relationship has not yet been estab-
lished.® This may be because of the nature of the cross-sectional or
prospective study designs used to date, which can demonstrate associa-
tions but not necessarily causation, and because of the complex, multifac-
torial nature of disease-related malnutrition. It is often very challenging to
conduct high-level clinical nutrition studies, for a variety of reasons: Such
studies are difficult to complete in a blinded fashion, patients may not
adhere to the nutritional recommendations, and it may not be ethically
possible to conduct a randomized, controlled trial in malnourished
patients.” Recent randomized controlled trials, however, have demon-
strated that patients who experience less deterioration in nutritional status
with nutrition intervention compared with usual care also have better phys-
ical function and QoL.%"

As previously discussed, nutrition-impact symptoms in patients with
EC or HNC may be attributable to the tumor itself or may be side effects
of the cancer treatment. In a study conducted in 205 patients with gas-
trointestinal cancer or HNC, the factors most significantly associated with
nutritional status included tumor stage, tumor location, time since diagno-
sis, dietary intake, and previous treatment.’? Nutrition-impact symptoms
commonly experienced by patients with HNC include mucositis, xerosto-
mia, trismus, pharyngeal fibrosis, and decreased appetite due to changes
in the senses of smell and taste.?* Common nutrition-impact symptoms
experienced by patients with EC include mucositis, esophageal pain, and
dysphagia. More than 90% of patients with EC experience dysphagia,
making it a very significant problem in this patient group.® Following
treatment, swallowing function often deteriorates but then improves for as
long as 12 months post-treatment. Swallowing function may then stabilize
but often remains poorer compared to swallowing function prior to com-
mencement of treatment.*

The loss of the ability to enjoy a meal can be distressing. Nguyen et al.
showed that the severity of dysphagia in patients with swallowing difficulties
after treatment for HNC is correlated with compromised Qol., depression,
and anxiety.”> Anecdotal evidence suggests that some patients with EC or
HNC will require dietetic and speech pathology support for months after
treatment has finished, and they may not ever return to managing a “normal”
diet without supplementation.?
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Nutritional Studies

Strong evidence exists that dietary counseling and supplements can increase
dietary intake and prevent therapy-associated weight loss and interruptions to
radiation therapy in patients with EC or HNC.** A study by Isenring et al. evalu-
ated 60 oncology outpatients (51 males, 9 females; mean age 61.9 years + 14.0
years) receiving radiation therapy to the head and neck or gastrointestinal area.®
Intensive, individualized nutrition counseling by a dietitian, using a standard-
ized protocol plus oral supplements as required, was compared to the standard
practice of the center, which included general nutrition advice and nutrition
handouts.® Outcomes were assessed upon commencement of radiation therapy
and at 4, 8, and 12 weeks after starting treatment. The group receiving early and
intensive nutrition intervention experienced less weight loss (0.4 kg versus
4.7 kg; P < 0.001) over the 12-week study, which was associated with benefi-
cial outcomes such as less deterioration in nutritional status, global Qol., and
physical function.® Clinically, but not statistically, significant differences in
fat-free mass were observed between the nutrition intervention and standard
practice groups (0.5 kg versus —1.4 kg; P = 0.195).° Compared with the stan-
dard practice group, patients receiving nutrition intervention had a higher
energy intake (28-31 kcal/kg/day versus 25-29 kcal/kg/day; P = 0.022) and
protein intake (1.1-1.3 g/kg/day versus 1.0-1.1 g/kg/day; P = 0.001).° The
investigators suggest one of the main reasons the patients receiving nutrition
intervention were successful in maintaining body weight was the intensity and
frequency of the nutrition counseling, which also included follow-up for approx-
imately 6 weeks after completing radiation therapy.

A study conducted by Ravasco et al.” in Portugal randomized 75 patients
with HNC receiving preoperative chemoradiation to receive either (1) dietary
counseling alone, (2) oral supplements, or (3) an ad libitum diet. On comple-
tion of radiation treatment, significant increases were noted in dietary intake
(compared to baseline) in patients receiving dietary counseling (521
kecal/day, P = 0.002; 26 g of protein/day, P = 0.006) and supplements (322
kecal/day, P = 0.05; 35 g of protein/day, P = 0.001), while the dietary intake
of the ad libitum group decreased (—400 kcal/day, P < 0.01; =15 g of pro-
tein/day, P < 0.01). Three months following the commencement of radiation
therapy, improved Qol. was associated with improved nutritional intake and
nutritional status.” Nutrition-impact symptoms such as anorexia, nausea,
and xerostomia improved the most in the dietary counseling group (90%
improved) compared with patients receiving supplements (67% improved)
and those on the ad libitum diet (51% improved).” It appears that the indi-
vidualized nature of the nutrition counseling helped patients manage nutri-
tion-impact symptoms and led to better tailoring of the diet so as to increase
intake. This study confirms the importance of early nutritional assessment
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and appropriate dietary counseling to meet patient needs and to improve
nutritional status and QolL.

Dawson et al.*® demonstrated that a dietary supervision program, which
included regular and ongoing reviews by the dietitian approximately every 2
weeks, was effective in reducing weight loss (6.6% versus 9.8%; P < 0.05) in
43 patients with squamous cell carcinoma of the oral cavity treated by sur-
gery and radiation therapy compared with 26 historical controls. This result
occurred despite the fact that patients receiving the intervention had more
advanced disease. These study results highlight the importance of assessing
the nutritional status of patients on presentation and then both during and
following cancer treatment.

Dietary counseling studies conducted in patients with HNC demonstrate
that the decline in nutritional status all too often reported is not inevitable. The
randomized controlled trials conducted by Isenring® and Ravasco® showed that
dietary counseling with or without supplements can lead to improved dietary
intake, nutritional status, and QoL. outcomes. Few dietary counseling studies
have been conducted specifically in patients with EC, although the study by
Isenring et al.® did include some patients with this type of cancer. Further
research is required to prove definitively whether dietary counseling will lead
to beneficial outcomes in a more homogenous group of patients with EC.
Despite the limited amount of research in this area, it is recommended that
patients at risk for malnutrition—which would include the majority of EC and
HNC patients—receive regular and individualized nutrition intervention.*

Goals of Nutritional Management

Ongoing nutrition-impact symptoms due to the tumor, its treatment, and/or
the treatment’s side effects can lead to unintentional weight loss and
disease-related malnutrition. Maintaining body weight or minimizing
weight loss for patients at nutritional risk is a major goal of the nutritional
management of patients with EC and HNC. It has been known for many
years that weight loss is a predictor of poor outcome in EC and HNC.*” The
goals of nutritional management during treatment should include prevent-
ing or minimizing nutritional deficiencies; preserving muscle tissue; mini-
mizing nutrition-impact symptoms such as decreased appetite, nausea, or
bowel function changes; and maximizing QoL.**** Treatment side effects
such as early satiety, fatigue, and anorexia are possible to ameliorate with
the appropriate dietary intake.*

There is limited evidence regarding the optimal time for initiation of
nutrition support. The European Society of Parenteral and Enteral Nutri-
tion (ESPEN) has developed a consensus statement that recommends
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nutrition therapy should commence if undernutrition already exists, if it is
anticipated that the patient will be unable to eat for 7 or more days, or if the
patient has had an inadequate energy intake (less than 60% estimated
energy expenditure) for 10 or more days.* Professional practice suggests it is
easier to prevent or slow the malnutrition trajectory than to reverse chronic
malnutrition. In weight-losing patients with inadequate dietary intake,
nutrition support (dietary counseling with or without supplements) should be
provided to improve or maintain nutritional status and Qol..*

Nutritional depletion in EC and HNC patients is a well-known phenome-
non, and several researchers have recommended initiating nutritional man-
agement of these patients on presentation.>%?%" All patients with EC or HNC
should be regarded as being “at risk” for nutritional deficiency irrespective
of their tumor stage.®*” Unfortunately, because of the under-recognition of the
consequences of malnutrition, and because of the limited resources available
for nutrition diagnosis and treatment, referral of high-nutritional-risk
patients is not always done consistently in practice.

Ideally, all EC and HNC patients should be referred to nutrition services
for a complete nutrition assessment prior to commencing treatment. This
nutrition assessment should be conducted using a valid and reliable nutri-
tion assessment tool for use in patients with cancer, such as the scored
Patient Generated-Subjective Global Assessment (PG-SGA).*>* The PG-
SGA 1is useful to assess nutritional status, guide nutrition intervention, and
monitor outcomes in patients with cancer. Appropriate nutritional manage-
ment (Table 7.1) and physical activity recommendations before, during, and

Table 7.1 Key Points for Nutritional Management of Patients with
Esophageal and Head and Neck Cancer

¢ Implement routine nutrition screening.

¢ Refer high-risk patients for nutrition and swallowing assessment.

¢ Consider whether patient may require a gastrostomy/jejunostomy. (Discuss this
possibility with the multidisciplinary team, patient, and caregiver).

e Monitor weight regularly (ideally weekly during radiation therapy, at every
chemotherapy session, or at every outpatient appointment).

e Aim for weight maintenance (or at the very least minimize weight loss) during
treatment.

¢ Manage nutrition-related symptoms as a multidisciplinary team.

¢ Nutritional management may include texture modification, high-energy and high-
protein dietary modifications, supplements, and/or tube feeding if patient has an
inadequate dietary intake.
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after treatment should be implemented to ensure best patient care and opti-

mal outcomes.2¥

Dietary Recommendations During Treatment

Because a patient’s dietary intake may be compromised due to either the
tumor or the chosen therapy, a consultation with a registered dietitian for
individualized nutrition strategies is recommended.? To increase dietary
intake, alterations in food and fluid temperature, changes in food texture and
consistency, and increased frequency of meals and snacks may be necessary.
Frequent high-carbohydrate meals may be beneficial for patients who expe-
rience nausea. Patients with swallowing difficulties should use a thickening
agent under the direction of a speech pathologist. Patients may want to uti-
lize ready-made thickened fluids and puddings available commercially.

Earlier pilot studies suggested zinc sulfate lozenges might be considered
beneficial for patient with an altered sense of taste. A recent, large (N = 169)
double-blind, placebo-controlled trial conducted in HNC patients undergo-
ing radiation therapy did not demonstrate decreased incidence of taste alter-
ations or changes in the interval to taste recovery,” suggesting that zinc
sulfate was not beneficial in preventing taste changes.

During mucositis and inflammation, acidic and very hot foods and some-
times even frozen foods may not be well tolerated. Other patients, however,
report that cool or frozen foods help soothe the sore mouth, so this may be a
personal preference. Sugar-free chewing gums and sweets, along with alcohol-
free mouth rinses, can help with a dry mouth. Artificial saliva sprays and oral
lubricants may be useful, though their benefit appears to be based on per-
sonal preference. Mouth care is important, however, so many centers recom-
mend that patients use a made-at-home salt water and/or bicarbonate of soda
mouth rinse. For a dry mouth, carrying around a water bottle and sipping fre-
quently as well as keeping a glass of water by the bedside can be beneficial.

Because of their lifestyle prior to diagnosis, some EC and HNC patients
will have had an inadequate diet for some time. In addition to protein and
energy malnutrition, patients with EC or HNC may be at risk for vitamin and
mineral deficiencies. As part of the nutritional management of these
patients, it is important to replenish not only protein and energy intakes, but
also vitamin and mineral intakes. Dietary intakes of vitamins and minerals
should not be greater than the recommended dietary intakes (RDI), as excess
amounts of these nutrients may interfere with treatment.? It is important that
patients notify their medical team of any medications and vitamin, mineral,
or herbal supplements they may be taking.
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Alcohol is an irritant, even in the small amounts found in mouth washes.
Given this property, it is reasonable to recommend that alcohol intake be
avoided or limited in patients with or at risk of mucositis and those receiving
radiation therapy to the head and neck area.

Tube Feeding

When nutrition-impact symptoms cannot be adequately managed to allow for
oral intake sufficient to meet dietary requirements, enteral feedings are
highly effective. ESPEN enteral feeding guidelines are based on a consensus
that tube feeding can be used if an obstructing EC or HNC interferes with
swallowing® and, therefore, limits dietary intake. Currently, there are no uni-
versally accepted standards for determining which patients should receive
tube feeding.” The literature, however, identifies particular patient charac-
teristics that are associated with significant weight loss and the placement of
feeding tubes (Table 7.2).

Mangar et al.*® performed a retrospective review of 160 patients receiving
radiation therapy to the head and neck area and found that 50 patients
required enteral feedings. In their study, factors predictive of requiring
enteral feedings include pre-treatment weight loss, low serum albumin and
protein, stage 3—4 disease, performance status of 2-3, and smoking greater
than 20 cigarettes per day.

Table 7.2 Characteristics of Patients with Esophageal and Head and Neck
Cancer Associated with Greater Likelihood of Severe Weight Loss or Need
for Alternative Feeding Methods

Diagnosis Pharyngeal/hypopharyngeal primary tumors
Base-of-tongue tumors
Nasopharyngeal tumors
T4 tumors
Moderately or poorly differentiated cancer

Treatment Excision of base of tongue or pharynx
Mandibulectomy
Reconstruction with a pectoralis major flap
Chemoradiation
Postoperative radiotherapy

Weight loss Pretreatment weight loss > 7% BMI
Preoperative weight loss > 10 1b (5 kg)

Source: Reprinted by permission of Cancer Forum. http://www.cancer.org.au/File/Policy Publications/
CancerForumNov06.pdf
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Enteral feedings are effective in increasing energy, protein, and micronu-
trient intake and maintaining body weight compared with dietary intake
alone." Bozzetti et al.* demonstrated that nasogastric feedings prevented
deterioration in nutritional status in dysphagic, malnourished patients with
EC receiving chemoradiation compared with those on a standard oral diet.

In a small, retrospective study involving 151 patients, 15 of whom required
enteral feedings, Beer et al.?® found that patients receiving an early percuta-
neous enteral gastrostomy (PEG) within 2 weeks of commencing radiation ther-
apy maintained nutritional status and had less treatment interruptions than
those patients in whom placement of a PEG was delayed between 2 weeks and
3 months after commencing radiation therapy. Prophylactic gastrostomy inser-
tion results in earlier commencement of nutrition support and less weight loss
compared with receiving tube feeding later during treatment.>®* Patients with
prophylactic gastrostomy tubes also have fewer hospital admissions for dehy-
dration or malnutrition** and maintain Qol. during treatment compared with
patients who rely on dietary intake alone.” Some studies have found that
patients prefer PEGs compared to nasogastric feeding tubes because PEGs are
associated with greater mobility, better cosmetic appearance, and better QoL.2
However, nasogastric and PEG feedings have been found to be equally effec-
tive in preserving body weight in patients with HNC undergoing radiation ther-
apy% hence the method of feeding (nasogastric or gastrostomy/jejunostomy)
should reflect the anticipated length of feeding required.’

When considering a prophylactic gastrostomy/jejunostomy, discussions
should involve the patient, caregiver, and multidisciplinary team as well as
the speech pathologist, who can help with swallowing rehabilitation. The
goal is to avoid long-term dependence on enteral feedings. Nutritional
guidelines, including those dealing with follow-up and use of enteral feed-
ing, are more likely to be followed if a dietitian is a part of the multidisci-
plinary team.* Odelli et al.* demonstrated that in EC patients receiving
chemoradiation, early and regular nutrition assessment and intervention
(n = 24), including tube feeding for patients assessed as being at severe nutri-
tion risk, and a multidisciplinary approach, compared with no nutrition
plan (n = 24), resulted in less weight loss (4.2 kg + 6.4 kg versus —-8.9 kg
+5.9 kg; P = 0.03) and higher radiation therapy completion rates (92% ver-
sus 50%; P = 0.001).

The evidence is inconsistent regarding the role of nutrition intervention in
tumor response or survival.”! A secondary analysis of a large, prospective eval-
uation of patients (V = 1,073) with locally advanced HNC who were undergo-
ing definitive radiation therapy concluded that those patients who received
nutrition support before starting treatment had poorer overall survival and
locoregional control at five years.’? Although this study is relatively large, it did
have several limitations. The main limitation is that it was a secondary analysis
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of a trial designed to investigate different radiation fractionation schedules;
it was not designed as a nutrition trial. Hence, the nutritional data collected
were very broad—namely, whether patients received nutritional support
(supplements or enteral feeding) before, during, or after treatment and
patients’” weight loss at these time points. No thorough nutrition assessment
was undertaken, and no data on the adherence to the nutrition intervention
were collected. Due to its post hoc nature, this study does not describe causal-
ity. It does, however, suggest that future research in this area should measure
locoregional control and mortality outcomes as well as more patient-centered
outcomes such as QoL.

Cancer Cachexia

The loss of body weight resulting from cachexia differs significantly from the
weight loss due to starvation.”® Cancer cachexia is characterized by weight
loss and cytokine-induced metabolic derangements such as insulin resist-
ance, increased lipolysis, and increased protein turnover, and is associated
with decreased appetite, weight loss, and metabolic alterations.® Although
there is no definitive method for diagnosing cancer cachexia, clinical signs
of anorexia, muscle wasting, and unintentional weight loss of 5% or more of
body weight in 6 months not due to mechanical obstruction, treatment, or
side effects are suggestive of cancer cachexia.’® Weight loss due to obstruc-
tion, treatment, and/or side effects, that is expected to cease once treatment
is ceased, should not be described as cachexia,? but rather as due to inade-
quate dietary intake.

Some patients with EC or HNC may not be formally classified as cachec-
tic, but some of their nutrition-impact symptoms (e.g., dysphagia), may not
resolve once treatment ceases and will require ongoing dietary and speech
pathology review. Therefore, the primary nutritional goal of addressing inad-
equate oral intake in these patients is to increase dietary intake to a level
sufficient to meet their requirements.

Weight loss due to cachexia may not be reversible because the abnormal
host metabolism may limit the success of any nutritional interventions.”
Indeed, cancer cachexia is challenging to treat. In addition to providing ade-
quate energy and protein intake, other agents for limiting cachexia have
been investigated, including fish oil (eicosapentaenoic acid) and other phar-
macotherapies (refer to Chapter 15). Further research into the effectiveness
of these agents is required. Several guidelines for the nutritional manage-
ment of cancer cachexia have been developed.”?' Likewise, specific guide-
lines for the nutritional management of radiation therapy patients>** and
medical oncology patients have been developed.®
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Preoperative Nutrition

Early preoperative nutritional assessment assists in the identification of mal-
nourished patients who are at risk of refeeding syndrome due to extended
periods with minimal dietary intake or abuse of alcohol. Refeeding syndrome
can be a serious complication of too-rapid feeding in malnourished patients
and can precipitate a number of metabolic and pathological complications
that can lead to a range of clinical complications, including death.** In
patients assessed as being at risk of refeeding syndrome, it is important to
control carbohydrate intake and consider providing B vitamins prior to initi-
ating nutrition support. Protocols have been developed to anticipate, pre-
vent, and treat refeeding syndrome.*

For patients identified as being malnourished during the preoperative
nutrition assessment, it is important to commence appropriate nutrition sup-
port early. The implementation of 7 to 10 days of preoperative nutrition in
patients with HNC can improve Qol. and decrease postoperative infectious
complications by 10% compared with patients who lost 12-20% of their
ideal body weight and who are at increased risk of postoperative sepsis.”

Immunonutrition

While standard high-energy and -protein feeds (1 kcal/mL) were used in the
enteral feeding studies discussed earlier, immunonutrition is being used
more widely in surgical patients. Immunonutrition formulas include specific
nutrients that have modulating effects on immune and inflammatory
responses.

Despite advances in surgical techniques, major surgery is still associated
with a high rate of postoperative morbidity. Surgery can lead to aberrational
functioning of the immune system, including increased production of pro-
inflammatory cytokines and reduced production of humoral factors, which
may play a role in the genesis of postoperative complications.®® A recent
meta-analysis of 17 randomized controlled trials conducted in patients
undergoing upper and lower gastrointestinal surgery (one study involved
patients with HNC) demonstrated that the use of a specific immunonutri-
tional product (IMPACT) preoperatively, perioperatively, and postoperatively
resulted in a significant reduction in the overall incidence of infectious com-
plications and a reduced length of hospital stay.” Subgroup analysis revealed
that preoperative intervention resulted in fewer abdominal abscesses, wound
infections, urinary tract infections, episodes of sepsis, and anastomotic leaks
(46% less prevalent). Perioperative application resulted in fewer cases of
pneumonia, urinary tract infections, and episodes of sepsis. Postoperative
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application was associated with a significant reduction in the incidence of
abdominal abscesses but no improvement in the incidence of other postoper-
ative complications, suggesting that this approach has a lower efficacy. The
researchers concluded that immunonutrition conferred significant clinical
benefits in patients undergoing major elective gastrointestinal surgery. While
a considerable body of evidence suggests that immunonutrition is likely to
reduce postoperative complications in patients undergoing gastrointestinal
or neck surgery,” the evidence is less convincing for HNC. Further studies
are required to investigate the impact of preoperative versus perioperative
immunonutrition in EC and HNC patients.

Mucositis can be a serious and compromising side effect of some anti-
cancer therapies.® Specialized nutrition supplements containing glutamine
have been developed to help prevent or manage mucositis symptoms. As yet,
evidence does not definitively show that glutamine is beneficial in prevent-
ing or minimizing the development of mucositis.** Well-designed, random-
ized, double-blinded, placebo-controlled trials are required to demonstrate
the benefits of specialized glutamine-containing products for mucositis and
nutritional status compared with traditional supplements in patients with EC

and HNC.

Physical Activity

Some evidence suggests that physical activity, including resistance exercise,
can improve physical function® *® and QoL in HNC survivors. A study con-

ducted in 59 patients with HNC (mean age = 58 + 12.8 years; time since
diagnosis = 18.6 + 51.9 months) demonstrated that the strongest independ-
ent correlates of physical activity were enjoyment of the physical activity and
frequency of symptoms.® It appears that the best strategies for encouraging
exercise in HNC patients are to focus on appreciating the enjoyment element
of the exercise and to manage symptoms and treatment-related barriers.

Nutrition After Treatment

Currently, there is no evidence to suggest that any specific micronutrients
are beneficial in decreasing the risk of cancer recurrence following treatment
for EC or HNC. A randomized, placebo-controlled, double-blinded clinical
trial investigating the effect of a beta-carotene supplement (50 mg) compared
with placebo in 264 HNC patients reported no advantages in cancer recur-
rence or survival rates.”? The World Cancer Research Fund report recommends
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that protective nutrients be obtained from food rather than from dietary
supplements.”

The general recommendations for cancer survivors after cancer treatment
are to follow general nutrition and exercise guidelines, maintain a healthy
weight, and adopt a healthy lifestyle.*® Cancer survivors should also follow
the recommendations for cancer prevention.” Some patients may experience
long-term swallowing problems and difficulty with eating resulting in weight
loss, so long-term follow-up and management of these individuals’ nutri-
tional status is important. Treatment for HNC may also lead to problems with
swallowing and dry mouth, and patients may require a modified-texture diet
for a year or more. Pursuing swallowing rehabilitation, preventing gastros-
tomy/jejunostomy dependency, and managing late side effects that might
affect nutritional status should also be considered.

SUMMARY

As advances in the multimodal management of EC and HNC continue, it is
vital that nutrition management strategies keep pace if healthcare providers
are to optimize patient outcomes (Table 7.3). A multidisciplinary team

approach, effective symptom management, and early and ongoing access to a
dietitian, a speech pathologist, and the medical team are important in
improving patient-centered outcomes, including Qol. Strong evidence
demonstrates the benefits of individualized dietary counseling in patients
with HNC. Lower levels of evidence, mainly from retrospective studies, sug-
gest that enteral feedings result in less weight loss compared with dietary

Table 7.3 Nutritional Support Strategies for Patients with Esophageal or
Head and Neck Cancer

¢ Longer-term follow-up

¢ Mortality data

¢ Health economic analyses

¢ Benefits of dietary counseling in patients with EC

e Well-designed prospective studies to identify which patients with EC or HNC would
benefit from prophylactic tube feeding

® Preoperative versus perioperative immunonutrition during surgical resection

¢ Long-term effects of combined treatment, including chemoradiation, on swallowing and
nutritional outcomes
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intake alone in patients who are not able to meet their dietary require-
ments orally. The existing paradigm is that malnutrition in patients undergo-

ing treatment for EC or HNC is inevitable. Early, individualized, and inten-
sive nutrition intervention, however, has been shown to prevent or minimize
nutritional deficits in patients with EC and HNC. Thus effective, multidisci-
plinary treatment and early and ongoing nutrition intervention by the regis-
tered dietitian is vital to optimize Qol. and clinical outcomes in patients with
EC or HNC.
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Chapter 8

Breast Cancer

Deborah Straub, MS, RD

INTRODUCTION

Much interest exists about the role nutrition plays in the etiology, treatment,
and recurrence of breast cancer. To date, hundreds of studies have been pub-
lished on nutrition’s influence on the etiology of breast cancer, but much of
this research is limited in scope and inconclusive. Nutrition care during
breast cancer treatment should address not only the usual side effects associ-
ated with cancer treatment, but also the consequences of early menopause
caused by treatment and the drug therapies that lower endogenous estrogen
production. Many women treated for breast cancer use complementary and
alternative medicine (CAM) to manage menopausal symptoms, and it is
imperative that they obtain further knowledge about the risk versus benefit of
supplementation. Data dealing with nutrition’s potential to prevent recur-
rence of breast cancer are very limited, although a few clinical trials in this

area have been completed or are in progress.

Breast Cancer Incidence

Breast cancer is the most common cancer in women. In 2008, it is estimated
that 184,460 new cases of invasive breast cancer will be diagnosed.! During
the period of 2001-2004, breast cancer incidence decreased by 3.5% per year.
Breast cancer rates had been continuously increasing for more than two
decades. This recent decrease may be due to the decline in the use of hor-
mone replacement therapy (HRT) following publication of the results of the
Women’s Health Initiative (WHI) in 2002, which linked HRT use with
increased risk of breast cancer and heart disease. It may also reflect a slight
decrease in mammography utilization.

An estimated 67,770 new cases of ductal carcinoma in situ (DCIS) are
expected to be identified in 2008. Incidence rates of this noninvasive form of
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breast cancer have leveled off since the late 1990s, which may also reflect
the decrease in mammography utilization.

Breast cancer is second only to lung cancer as the most common cause of
cancer death in women. An estimated 40,930 breast cancer deaths are expected
in 2008. Death from breast cancer has steadily declined since 1990—a trend
attributable to a combination of early detection and advancements in treatment.
Five-year survival rates for all races are 98% for localized cancer, 84% for
regional cancer, and 27% for distant female breast cancer.

Breast Anatomy and Estrogen Metabolism

The anatomy of the breast consists of primarily fat, connective tissue,
epithelial cells, and glandular tissue arranged into lobules and ducts. The
lobules are the milk-producing glands of the breast. Ducts connect the lob-
ules to the nipple. Epithelial cells line the lobules and the ducts. A vari-
ety of hormones—including estrogen, progesterone, insulin and growth
factors—contribute to breast tissue development during puberty, preg-
nancy, and lactation. After menopause, the glandular tissue atrophies as
estrogen and progesterone levels decline.

The female hormone estrogen is found in three forms: estradiol, estrone, and
estriol. The most potent of these is estradiol. Estrogens circulate in the blood
bound to sex-hormone-binding globulin (SHBG). Only unbound estrogens can
enter target tissue cells and induce biological activity. Prior to menopause,
estrogens are synthesized from cholesterol in the ovaries in response to pitu-
itary hormones. The amount of estrogen produced after menopause, how-
ever, is significantly less than the amount produced prior to menopause.
After menopause, estrogen is produced primarily by the aromatization of
adrenal androstenedione to estrone in the peripheral tissues. Estrogens are
also produced by the aromatization of androgens in fat cells. In post-
menopausal women, the ovaries continue to make small amounts of testos-
terone, which is converted to estradiol.

The metabolism of estrogen takes place predominantly in the liver through
Phase I (hydroxylation) and Phase II (methylation, glucuronidation, and sul-
fation) pathways. Estrogen is excreted in the urine and feces.

Estrogens have a wide range of actions, such that they affect almost all
systems of the body in a tissue-specific manner. Estrogens bind with high
affinity to estrogen receptors (ER) in target cells. When estrogen is bound to
the receptor, it initiates transcription of the estrogen-responsive target gene.
Two forms of estrogen receptors are distinguished—alpha and beta—that
differ in terms of their tissue distribution, binding affinity, and biological
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function. Different target cells may respond differently to estrogen depending
on the ratio of receptor subtypes. The actions of the selective estrogen modu-
lators (SERMs) known as tamoxifen and raloxifene are examples of this phe-
nomenon: These drugs act as estrogen in some tissue (bone) and block its
action in other tissues (breast).

Cellular Classification of Breast Cancer

Breast cancers are primarily carcinomas of the epithelial cells. Breast cancer
is classified based on whether the cancer arose from the epithelial cells of
the ducts or the lobules and whether the cells infiltrated through the duct or
the lobule into the fatty tissue of the breast. Invasive (or infiltrating) ductal
carcinoma (IDC; see Figure 8.1) is the most common type of invasive breast
cancer, accounting for 80% of invasive breast cancers. Invasive (infiltrating)
lobular carcinoma (ILC; see Figure 8.2) represents 10% of invasive breast
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Figure 8.1  Invasive Ductal Carcinoma (IDC)
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cancers. Noninvasive breast cancers include DCIS (Figures 8.3, page 191,
and 8.4, page 192) and lobular carcinoma in situ (LCIS). LCIS is not a true
cancer, but it does increase a woman’s risk of developing invasive breast
cancer in the ispsilateral or in the contralateral breast. Inflammatory breast
cancer is a rare but aggressive type of breast cancer; it accounts for 1-5% of
all breast cancer cases. Its symptoms may include redness, swelling, and
warmth without a distinct tumor. Other less common ductal breast cancers
include medullary, mucinous, papillary, and tubular carcinomas. Paget’s dis-
ease of the nipple is rare and is responsible for only 1% of all breast cancers.

Breast cancer subtypes with distinct gene expression profiles have been
identified through the use of microarray analysis.? The two major subtypes
of the estrogen receptor-positive (ER-positive) tumors are luminal A and
luminal B. Luminal A tumors tend to have a higher expression of ER-
related genes and a lower expression of proliferative genes than do luminal
B tumors. The major subtypes of the ER-negative tumors are those involv-
ing the human epidermal growth factor 2 (HER-2) and the basal-like sub-
type. Most ER-negative tumors tend to be HER-2 positive. The basal-like
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Figure 8.3 Ductal Carcinoma in Situ (DCIS)

subtype tends to have a low expression of ER, progesterone receptor (PR),
and HER-2. In general, HER-2-positive and basal-like subtypes are more
aggressive than the luminal A tumors. The luminal A subtype appears to
be associated with the best prognosis.

Breast Cancer Risk

As noted earlier, breast cancers are primarily carcinomas of the epithelial
cells. Estrogen modulates the structure and growth of epithelial cells. Thus
estrogen exposure is a well-established risk factor for breast cancer.? Cumu-
lative, excessive estrogen exposure over the course of a lifetime contributes
to breast cancer risk and may be a cause of this disease. Early menarche,
late menopause, not having children, or having children after age 30 all
increase a woman'‘s breast cancer risk.* Such prolonged estrogen exposure
can cause direct genotoxic effects by increasing breast cell proliferation and
random genetic errors affecting cellular differentiation and gene expression.
The mechanisms of carcinogenesis include the metabolism of estrogen to
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Invasive ductal cancer

Figure 8.4 Range of Ductal Carcinoma in Situ (DCIS)

mutagenic, genotoxic metabolites and the stimulation of tissue growth. These
processes cause initiation, promotion, and progression of breast cancer.
Risk prediction models can be helpful in assessing a woman’s risk for
breast cancer. The Breast Cancer Risk Assessment Tool (available at
http://www.cancer.gov/berisktool) is a computer assessment tool developed by
the National Cancer Institute and the National Surgical Adjuvant Breast and
Bowel Project (NSABP). It estimates breast cancer risk over the woman’s
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next five years and over a lifetime and is based on the Gail model. The risk
factors included in this tool include age, age at menarche, age at first live
birth, breast cancer among first-degree relatives, and breast biopsies. The
Breast Cancer Risk Assessment Tool was developed and validated for prima-
rily non-Hispanic white women in the United States who are age 35 or older.
More research is needed to refine and validate this model for other racial and
ethnic groups.

Other risk factors for breast cancer have been identified but have not yet
been incorporated into the Breast Cancer Risk Assessment Tool, as inde-
pendent validation studies are lacking for these risk factors. In a large
prospective study involving 1 million women who underwent screening mam-
mography, researchers identified statistically significant risk factors for both
premenopausal and postmenopausal women.® In premenopausal women, risk
of breast cancer diagnosis was significantly associated with age, breast den-
sity, number of first-degree relatives with breast cancer, and a prior breast
procedure. A prior breast procedure was associated with an approximately
50% increase in risk even without knowledge of the type or result of the prior
breast procedure. Breast density was strongly associated with increased risk
among women with extremely dense breasts, with this characteristic confer-
ring almost a fourfold greater risk than having breasts composed primarily of
fat. In postmenopausal women, risk increased with age, breast density, fam-
ily history of breast cancer, a prior breast procedure even without knowledge
of the type of prior procedure or the outcome, hormonal therapy, age at natu-
ral menopause, and a prior false-positive mammogram. Other factors associ-
ated with increased risk in postmenopausal women included higher body
mass index (BMI), late age at the birth of the first child or being nulliparous,
and the use of hormone replacement therapy. The study did not distinguish
among the various types of hormone therapy.

In another study, radiation exposure to the chest for treatment during
childhood or young adulthood cancers was found to significantly increase the
risk of breast cancer in adulthood.” The risk was highest if the radiation was
given during adolescence.

Genetic Breast Cancer

Genetic breast cancer, in which one dominant cancer gene is passed on to
future generations, accounts for only 5-10% of all breast cancer cases. Most
breast cancer cases are sporadic, meaning that there is no family history;
indeed, 70-80% of women who get breast cancer do not have a family history
of this disease.

A number of genetic mutations have been identified that increase the risk
of breast cancer. Notably, mutations in the tumor suppression genes BRCAI
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and BRAC2 confer up to a 50-80% lifetime chance of developing breast can-
cer. BRCA mutations are most often found in Jewish women of Ashkenazi
(Eastern European) origin, but can appear in any racial or ethnic group.

Screening

The goal of screening is to detect breast cancer when it is more likely to be at
an early stage, have a better prognosis, and be more successfully treated.
Screen-detected breast cancers with or without clinical breast exams are asso-
ciated with reduced morbidity and mortality. The American Cancer Society has
established screening guidelines for breast cancer.” Mammography screening
is the primary tool for early detection and is recommended annually for women
starting at age 40. Women who are at high risk of developing breast cancer
(greater than 20% lifetime risk) should have an annual breast magnetic reso-
nance imaging (MRI) scan in addition to an annual mammogram.’®

Diagnosis

A diagnostic mammogram is performed when a suspicious finding is identi-
fied on a screening mammogram. A breast ultrasound (US) and a breast MRI
may be performed to obtain additional information. If imaging studies show
suspicious findings, a biopsy will be performed.

The National Comprehensive Cancer Network (NCCN) has established
diagnostic workup and treatment guidelines for breast cancer.’® The workup
for invasive cancer includes a history and physical examination, complete
blood count, platelets, liver function tests, chest imaging, diagnostic bilateral
mammogram, US as necessary, optional breast MRI, and a pathology review,
including the determination of tumor estrogen/progesterone receptor status
(ER/PR), human epidermal growth factor receptor 2 (HER-2/neu) status, and
surgical margins. A bone scan, abdominal computed tomography (CT) scan,
or positron emission tomography (PET) scan may also be performed depend-
ing on the stage of the cancer and the laboratory findings.

Treatment

The treatment of local disease may consist of surgery, radiation therapy (RT),
or both. The management of systemic disease, if present, may involve cytoxic
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chemotherapy, endocrine therapy, biologic therapies, or combinations of these
modalities. Treatment is determined by numerous factors, including disease
stage, tumor histology, clinical and pathologic characteristics of the tumor,
axillary node status, tumor hormone receptor status, level of HER-2/neu
expression, presence or absence of detectable metastatic disease, comorbid
conditions, the patient’s age, and menopausal status. Molecular profiling of
breast cancers using array technology has confirmed that breast cancer is a
heterogeneous group of diseases that are marked by differences in prognosis
and response to therapy."" Molecular predictive models are beginning to influ-
ence treatment strategies.

Staging

The American Joint Committee on Cancer’s (AJCC) TNM system is used to
stage breast cancer. Five stages of breast cancer are distinguished based on the
tumor (T) size and spread to the chest wall or skin; the degree of lymph node
involvement (N) (Figures 8.5 and 8.6); and metastasis to distant organs (M).

e Stage 0 includes DCIS and LCIS. DCIS is the earliest form of breast
cancer, in which the cancer cells are still within the duct and have not
invaded the surrounding fatty breast tissue. DCIS is usually treated with
lumpectomy, RT, and tamoxifen citrate. LCIS is not considered true
breast cancer by most oncologists, but is a marker for increased future
risk and is treated with tamoxifen.
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Figure 8.5 Auxillary Lymph Nodes
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e Stages [-1V are classified by increasing tumor size, number of positive
lymph nodes, and metastases to distant locations. The most common
sites for metastatic breast cancer are the bone, liver, brain, or lung.

Local Treatment
Surgery

Breast-conserving lumpectomy and mastectomy are the two types of surgery
used to locally remove breast cancer. With lumpectomy, the tumor and
healthy tissue surrounding the tumor are removed; the surgical procedure is
then usually followed by RT. With mastectomy, the entire breast, including
the nipple, is removed. Women may elect to have reconstruction surgery at
the same time as mastectomy, after mastectomy, or not at all. Survival rates
for breast-conserving surgery plus RT are equal to those for mastectomy in
case of Stage I and Stage II breast cancers.
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Sentinel node biopsy is the preferred method of determining lymph node
involvement. If the sentinel node is positive, an axillary dissection is performed.
Complications of surgery vary with the type of surgery performed and the num-
ber of lymph nodes removed. Side effects are less common and less severe with
sentinel node dissection, but are more common and more severe with full axil-
lary lymph node dissection. Side effects of lymph node dissection include nerve
damage, limitation of arm and shoulder movement, and lymphedema of the arm.

Radiation Therapy

Most women treated with breast-conserving surgery require follow-up treat-
ment with RT. RT may also be indicated after mastectomy if the patient has
extensive lymph node involvement. External-beam whole-breast radiation
therapy with a boost to the tumor bed is the most common form of radiation
employed. Brachytherapy or interstitial radiation involving the placement of
radioactive seeds may be an option in some cases.

Side effects of radiation to the breast include swelling and heaviness in
the breast, sunburn-like skin changes, hair loss in the treated area, and
fatigue. Most symptoms occur during the second or third week of treatment
and resolve within 24 weeks after RT completion. Changes in breast tissue
and skin generally resolve in 6-12 months. Long-term risks associated with
RT to the breast include rib fractures and secondary cancers caused by the
radiation. Women treated with RT to the left breast are more likely than
women treated with RT to the right breast to develop cardiac disease, includ-
ing myocardial infarction and chest pain.'

Systemic Therapy
Chemotherapy

The decision to initiate adjuvant polychemotherapy involves balancing the
risk of recurrence from local therapy alone, the degree of benefit from
chemotherapy (CT), the toxicity of the therapy, and existing comorbidities.
Neoadjuvant CT may be given to reduce the size of the tumor prior to sur-
gery. Chemotherapy is also used to treat metastatic breast cancer.

Multi-gene testing of the tumor to predict responsiveness to chemotherapy
and prognosis is currently available. However, the NCCN believes that none
of the available tests has been adequately studied to recommend its use in
clinical practice.

The severity of side effects of chemotherapy depend on the specific agent
used, the dose, the length of treatment, existing comorbidities, and individ-
ual tolerance.
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Adjuvant Endocrine Therapy

Adjuvant endocrine therapy is instituted for breast cancers that are estrogen
or progesterone receptor-positive (ER-positive, PR-positive). The two
SERMs used for treatment of breast cancer, tamoxifen and raloxifene
(Evista®), compete with estrogen for receptor sites in target tissues such as
the breast.

Tamoxifen is used for adjuvant treatment for premenopausal breast can-
cer. It is also used to reduce the risk of breast cancer in women with LCIS
and DCIS." This drug exerts estrogen-like activity on the skeletal and car-
diovascular systems, reducing bone loss and improving lipid levels. Side
effects of tamoxifen include hot flashes, night sweats, and vaginal dryness.
Serious adverse effects include an increased risk of cataracts, endometrial
cancer, and pulmonary embolism.

The U.S. Food and Drug Administration approved raloxifene for reducing
the risk of invasive breast cancer in postmenopausal women with osteoporo-
sis and in postmenopausal women at high risk for invasive breast cancer.*
Raloxifen has not been approved for use in decreasing breast cancer risk in
women with DCIS.

Aromatase inhibitors (Als) are used to decrease estrogen levels in post-
menopausal women through aromatase inhibition. Members of this drug
class include anastrozole (Arimidex®), letrozole (Femara®), and exemestane
(Aromasin®), all of which are used only in postmenopausal women. Nutrition-
related side effects of Als include loss of bone mineral density (BMD). Some
agents may also have a negative effect on patients’ lipid profiles.”® For exam-
ple, letrozole has been associated with increased total serum cholesterol,
low-density cholesterol, apolipoprotein B, and serum-lipid risk ratios related
to cardiovascular disease. An updated safety analysis of the Breast Cancer
International Group (BIG) 1-98 study found that cardiovascular adverse
events were relatively rare with letrozole, however.’® A large ongoing phase 111
trial comparing anastrozole with letrozole will provide head-to-head safety
evaluations of the two drugs. Because most women presenting with early-
stage breast cancer can expect long-term survival, the assessment of cardio-
vascular adverse effects of Als is important.

Targeted Therapy

Trastuzumab (Herceptin®) is used to treat HER-2/neu-positive tumors, which
tend to be more aggressive. Overexpression of the HER-2/neu protein
increases the rate of cell growth and division. Trastuzumab is a recombinant
DNA-derived monoclonal antibody that selectively binds to HER-2, thereby
inhibiting the proliferation of tumor cells that overexpress HER-2.
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Ovarian Ablation

In an effort to decrease estrogen levels, premenopausal women may elect
to have an oophorectomy. Side effects of this treatment include early
menopause, which may be associated with hot flashes, night sweats, and
bone loss.

Prognosis

The most significant prognostic factors predicting future recurrence or
death from breast cancer include patient age, stage, comorbidity, tumor
size, tumor grade, number of involved axillary lymph nodes, and possibly
HER-2/neu level of expression. Algorithms are available that estimate
rates of recurrence. A validated computer-based model, Adjuvant! Online,
estimates 10-year disease-free and overall survival and is available at
www.adjuvantonline.com.

Nutrition and Lifestyle Factors in the Etiology
of Breast Cancer

All cancers start as a single cell that has lost control of its normal growth and
replication processes. Carcinogenesis is a multistage process consisting of
three phases: initiation, promotion, and progression. Initiation occurs when
the cell has been exposed to an agent that results in the first genetic muta-
tion, but by itself initiation is not sufficient for a cancer to develop. Instead,
the initiated cell must be activated by a promoting agent that causes cellular
proliferation—that is, the process called promotion. Initiated and promoted
cells eventually form a tumor mass during the process of progression. At the
end of the carcinogenesis process, the cell will have some or all of the char-
acteristics of a cancer cell: growth signal autonomy, insensitivity to anti-
growth signals, limitless replicative potential, evasion of apoptosis, sustained
angiogenesis, tissue invasion, and metastasis. Factors related to food, nutri-
tion, and physical activity can influence the various cellular processes
involved in carcinogenesis.

In 2007, a joint panel of the World Cancer Research Fund (WCRF) and
American Institute for Cancer Research published its findings on the role of
food, nutrition, and physical activity in cancer prevention (Figure 8.7)."" In
their report, the panel members judged the weight of the evidence for the
role of nutrition and lifestyle factors in the etiology of breast cancer. Pre-
menopausal and postmenopausal breast cancers were considered separately
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in the report. Premenopausal cancers are thought to be mainly genetically
driven, with the environment and nutrition playing smaller roles in their gen-
esis. In the genetically associated cancers, a healthy diet may result in the
delayed onset of the disease. Diet modulation is most likely to influence
postmenopausal disease, which is more prolonged in onset. The panel’s find-
ings related to breast cancer risk are summarized next.

PostmenopPausAL BREAST CANCER

e Convincing evidence: The consumption of alcoholic drinks, body fatness,
and adult attained height increase risk; lactation decreases risk.

® Probable evidence: Physical activity decreases risk; abdominal fatness
and adult weight gain increase risk.

o Limited suggestive evidence: Total fat intake increases risk.

PrRemeNoPAUSAL BREAST CANCER

e Convincing evidence: Lactation decreases risk; consumption of alcoholic
beverages increases risk.

* Probable evidence: Body fatness decreases risk; adult-attained height
and greater birth weight increase risk.

e Limited suggestive evidence: Physical activity decreases risk.

The panel found limited evidence and could not draw a conclusion about
other food and nutritional factors, including, but not limited to, soy, fiber,
vegetables and fruits, tea, isoflavones, meat, folate, calcium, vitamin D,
dietary patterns, culturally defined diets, and environmental chemicals. The
lack of strong evidence for a relationship between diet and breast cancer may
be real or it may reflect challenges related to study designs, including meas-
urement errors in self-reporting intake by study participants, the focus on
diet during adult life versus early life and puberty, follow-up periods that are
too short to identify dietary factors, subgroups of women who are more sus-
ceptible to the influence of diet, or potential harmful effects of pesticides
that negate the benefits of vegetable and fruit consumption.' Few studies
have focused on the role of diet during gestation, or before or during puberty,
and the risk of breast cancer. The influence of diet on breast cancer risk may
be most important during mammary gland development.

Lactation

There is convincing evidence that breastfeeding decreases the risk of breast
cancer in both premenopausal and postmenopausal women, according to the
WCRF panel. Most studies show a decreased risk with increased duration of
breastfeeding. Specifically, pooled analysis from 47 epidemiological studies
showed a decreased risk of 4.3% for each 12 months of breastfeeding.”
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Protection may be conferred by the lower exposure to estrogen during the
amenorrhea associated with breastfeeding, increased differentiation of breast
cells, exfoliation of breast tissue during lactation, and massive epithelial
apoptosis at the end of lactation, which may eliminate cells with potential
DNA damage. Little is known about dietary exposures during pregnancy or
lactation on future breast cancer risk in the mother or the infant.

In rodents, in utero exposure to a diet high in polyunsaturated fatty acids (n-6)
or genistein increases ER-0L receptors, causing an increase in unopposed cell
proliferation and increased mammary tumorigenesis.” In rodents, a diet high
in genistein or n-6 fatty acids alters normal mammary gland development,
which in turn may increase future breast cancer risk. It is unknown how these
and other dietary exposures might modulate estrogen, estrogen receptor sites,
or breast development during pregnancy or lactation, and what effects these
changes might have on future breast cancer risk in women and their offspring.

Weight, Adult-Attained Height, and Postmenopausal
Breast Cancer

As mentioned earlier, the WCRF panel determined that adult weight gain is
a probable risk factor for postmenopausal breast cancer. The increased risk
of breast cancer in this scenario may be due to higher estrogen levels: Circu-
lating levels of estrogen are twice as high in overweight women. The higher
estrogen levels are caused by the endogenous production of estrogen by the
aromatization of adrenal androgens in the adipose tissue. Overweight women
also have lower levels of SHBG as compared to normal weight women, and
consequently have more bioavailable estrogen. Being overweight is also
associated with increased levels of insulin and insulin-like growth factor 1
(IGF-1), which produces a hormonal environment that favors carcinogenesis
and depresses apoptosis. Inflammation is also associated with overweight,
especially abdominal adiposity. Chronic inflammation may be involved in
the initiation and the progression of cancer by damaging DNA, increasing
proliferation, inhibiting apoptosis, and increasing angiogenesis.
Epidemiologic data from the Nurses’ Health Study found a direct associa-
tion between weight gain since age 18 and postmenopausal breast cancer risk,
especially in women who had never used postmenopausal replacement therapy
(PMT).2" In this prospective cohort, 49,514 women aged 30 to 55 years who
were free of cancer were followed for as long as 26 years. Weight gain of 25 kg
or more since age 18 was associated with an increased risk of breast cancer
relative risk (RR) equal to 1.45, compared to women who maintained their
weight. In women who never took PMT, the RR was 1.98. The data suggest that
15% of breast cancers could be attributed to weight gain of 2 kg or more since
age 18 years and that 4.4% could be attributed to weight gain of 2.0 kg or more
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since menopause. Women who lost 10 kg or more since menopause and kept it
off and never used PMT reduced their risk of breast cancer (RR = 0.45) com-
pared to women who maintained their weight. The weaker association of weight
gain in women who used PMT may be due to the high levels of circulating
exogenous estrogens in these women, unrelated to their weight and adiposity.

The WCRF panel also found convincing evidence that postmenopausal
breast cancer risk increases with adult-attained height. Tallness itself is
probably not the cause of breast cancer. Rather, height acts as a surrogate for
childhood nutritional factors affecting hormonal and metabolic systems that
are related to cancer risk, including alterations in levels of growth hormone,
insulin-like growth factors, sex hormone binding proteins, and the age of sex-
ual maturation.

Body Fatness, Greater Weight at Birth, Greater Attained
Height, and Premenopausal Risk

In premenopausal women, greater body fatness probably decreases the risk of
breast cancer, according to the WCRF panel. The mechanism by which body
fatness protects against breast cancer in premenopausal women is still specula-
tive at this time. Proposed mechanisms include irregular menstrual cycles and
ovulatory infertility in adulthood, with subsequent alteration in hormone levels.
Premenopausal breast cancer risk increases with greater weight at birth and
greater adult-attained height. The mechanisms are speculative. The factors
leading to greater birth weight and attained height may affect the long-term pro-
gramming of hormonal systems. It is not likely that tallness itself is a risk factor,
but rather the factors that promote growth during gestation and in childhood.

Alcohol

Convincing evidence exists that regular alcohol consumption increases the
risk of breast cancer in both premenopausal and postmenopausal women in a
dose-responsive manner. Pooled analysis of six prospective studies found a
linear increase in breast cancer risk of 9% for each additional 10 g/day of
alcohol consumed. The specific type of alcohol did not strongly influence
risk.?2 Another pooled analysis from 53 epidemiological studies found a simi-
lar linear increase in breast cancer risk of 7% for each 10 g of alcohol con-
sumed per day.” The risk was the same for ever-smokers and never-smokers.
The authors estimated that 4% of breast cancers in developed countries could
be attributed to alcohol consumption if the observed relationship is causal.

In one study, alcohol consumption was associated with ER-positive breast
cancer in postmenopausal women but not with ER-negative breast cancer.?
A number of hormonal and nonhormonal mechanisms have been proposed to
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explain the positive association between alcohol and breast cancer. Alcohol
may affect a number of hormone-dependent pathways by inducing the pro-
duction of endogenous estrogens, decreasing the metabolic clearance of estra-
diol, stimulating the proliferation of ER-positive cells, and increasing ER-alpha
activity through inactivation of the BRACI gene. Hormone-independent path-
ways include the induction of carcinogenesis and DNA damage by acetalde-
hyde (the reactive metabolite of ethanol), lipid peroxidation, and the production
of reactive oxygen species.

Adequate folate status may partially mitigate the increased breast cancer
risk associated with moderate alcohol consumption.? Folate adequacy should
be ensured in women who consume alcohol.

Dietary Fat

The relationship between dietary fat intake and breast cancer risk has been
controversial, with mostly observational studies showing inconsistent results.
The WCRF panel determined that there is limited evidence suggesting total
dietary fat intake increases the risk of postmenopausal breast cancer, but not
premenopausal breast cancer. The panel also decided that there is insuffi-
cient evidence to draw conclusions about the risk of breast cancer and the
various types of fatty acids.

The National Institutes of Health/AARP’s (NIH-AARP) Diet and Health
Study—a prospective study involving 188,736 postmenopausal women—did
find a modest increase in the risk of breast cancer in women who were not using
menopausal hormone therapy and who had higher total dietary fat intake.
Women who consumed 40% of their total calories in the form of fat (90 g/day,
highest quintile) had an 11% higher incidence of invasive breast cancer than
women who consumed 20% of calories as fat (24.2g/day, lowest quintile).

In the Women’s Health Initiative (WHI)—a randomized, controlled, pri-
mary prevention trial involving 48,835 postmenopausal women, ages 50 to
70—reducing the total fat consumed to 20% of total calories did not result in
a statistically significant reduction in invasive breast cancer over an 8.1-year
follow-up period.? However, those women in the intervention group who con-
sumed the highest percentage of energy in the form of fat at baseline
(236.8% of calories from fat, 276 g/day) did see a significant reduction in
their risk of invasive breast cancer risk (hazard ratio = 78) when compared to
the comparison group. It may be that a subgroup of women with very-high-fat
diets would benefit the most from switching to a low-fat dietary pattern.

If a causal relationship between breast cancer risk and dietary fat does exist,
it may reflect any of several mechanisms that affect the initiation and growth of
breast cancer. These include increased endogenous production of estrogen
with higher-fat diets, an increase in bioavailable estrogen with higher-fat diets,
modulation of the immune system, and regulation of gene function.
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Red Meat, Processed Meat, and Heterocyclic Amines

Studies of meat consumption, red meat consumption, heterocyclic amines,
and breast cancer risk have produced conflicting results. The WCRF has
determined that there is limited evidence to support the relationship between
these dietary factors and cancer risk, but a definitive conclusion cannot be
reached. Nevertheless, it seems prudent to advise women to decrease red
meat and processed meat consumption, as some evidence supports a link
between intake of these foods and breast cancer.

In a prospective study involving 90,659 premenopausal women (Nurses’
Health Study II), red meat intake was strongly associated with an elevated risk
of ER-positive, PR-positive breast cancer, but not ER-negative, PR-negative
breast cancer.? Compared with the practice of eating three or fewer servings of
red meat per week, RR increased with increased consumption as follows: 1.14
for more than 3-5 servings per week, 1.42 for more than 5 servings per week to
1 or fewer servings per day, and 1.97 for more than 1.5 servings per day.

In the UK Women’s Cohort Study, which enrolled 35,371 participants,
women with the highest total meat consumption (poultry, red meat, and
processed meat) had the highest risk of both premenopausal and post-
menopausal breast cancer.” High total meat consumption (>103 g/day) com-
pared with no meat consumption was associated with a premenopausal
cancer hazard ratio (HR) of 1.20, high processed meat consumption (>20 g/day)
compared with no meat consumption was associated with a HR of 1.45, and
high red meat consumption (>57 g/day) compared with no meat consumption
was associated with a HR of 1.32. The effect was larger in postmenopausal
women for all types of meat, including red and processed meat. High total
meat consumption (57 g/day) compared with no meat consumption was asso-
ciated with a HR of 1.63, high processed meat consumption (>20 g/day)
compared with no meat consumption was associated with a HR of 1.64, and
high red meat consumption (>57 g/day) compared with no meat consumption
was associated with a HR of 1.56.

Several mechanisms have been proposed to explain the positive associa-
tion between meat consumption and breast cancer. In particular, heterocyclic
amines, which are produced when meats are charbroiled, fried, or cooked
until well done, have been implicated in increasing cancer risk. Heterocyclic
amines are estrogenic and stimulate ER and PR gene expression in vitro.
Processed meats contain nitroso compounds, which are known carcinogens
and may also be involved in breast cancer etiology.

It has been suggested that individuals who have inherited polymor-
phisms in N-acetyltransferase 1 and 2 (NATI, NAT2) genes and in glu-
tathione S-transferase M1 and T1 genes (GSTM1, GSTT1), and who consume
meat (especially charbroiled meat) are at increased risk for breast cancer.
NATI and NAT?2 are involved in phase Il acetylation of heterocyclic amines.
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GSTM1 and GSTTI confer protection against oxidative stress by reducing
hydrogen peroxide levels and by regenerating vitamins C and E. A study in
the Netherlands found that the GSTMI null genotype (i.e., absence of the
gene on the chromosome) increases breast cancer risk irrespective of meat
consumption.*® A statistically significant relationship was not found for
breast cancer risk and polymorphisms in NATI, NAT2, GSTM1I, or GSTT1I,
and levels of meat consumption were not identified in this study.

Women should be advised to decrease their red meat consumption to three
or fewer times per week and to avoid processed meats. Well-done and char-
broiled meats should be avoided; roasting, stewing, and slow cooker (Crock-
Pot) techniques are the preferred methods of meat preparation.

Vegetarian Diets

A vegetarian diet does not appear to protect against breast cancer. A meta-
analysis of five mortality studies comparing vegetarians with health-conscious
meat-eaters did not find a statistically significant difference in mortality from
breast cancer in the two groups.® Rates of breast cancer remain high among
Adventist populations despite their healthy lifestyle, which includes follow-
ing a lacto-ovo vegetarian diet.”

Macrobiotic Diets

The macrobiotic diet is a popular complementary approach to the treatment
of cancer. The dietary pattern promoted by macrobiotics is vegetarian and
emphasizes minimally processed foods. The Great Life pyramid was intro-
duced by Michio Kushi, a proponent of macrobiotics®; it specifies the recom-
mended macrobiotic diet. The diet consists of 40-60% by weight whole
cereal grains, including brown rice, barley, millet, oats, wheat, corn, rye,
buckwheat, and other whole grains; 20-30% by weight vegetables; 5-10%
by weight beans and bean products, including tofu, tempeh, and natto; and
daily consumption of sea vegetables. Fish, nuts, seeds, and fruit are recom-
mended to be consumed on a weekly basis. Dairy, eggs, poultry, and red meat
are to be consumed no more that once a month, if at all.

There are no direct studies examining the effects of the macrobiotic diet in
cancer prevention and survival. This diet does eliminate red meat, which is
associated with increased breast cancer risk. Because the macrobiotic diet
does not provide adequate vitamin B,,, vitamin D, and calcium, these nutri-
ents should be taken in supplement form by any persons following the diet.
Women who elect to follow this diet should be educated on how to meet pro-
tein and calorie requirements. A macrobiotic diet may be difficult to adhere
to during chemotherapy if the patient develops significant appetite and taste
changes, or nausea and vomiting.
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Vegetables, Fruit, and Fiber

The WCRF has determined that a conclusion cannot be drawn regarding the
effect of dietary fiber or consumption of a diet high in vegetables and fruit on
breast cancer risk. Epidemiological studies in this area have yielded incon-
sistent results. However, interest exists in specific bioactive compounds
found in vegetables and fruit that may confer protection against cancer.
According to the WCRF, there is limited, inconclusive evidence that crucif-
erous vegetables, flavonoids, green tea, and phytoestrogens may play a role
in decreasing breast cancer risk.

Cruciferous Vegetables

The cruciferous vegetables of the Brassica genus include broccoli, Brus-
sels sprouts, cabbage, collards, cauliflower, kale, kohlrabi, mustard
greens, bok choy, Chinese cabbage, turnips, and rutabagas. Cruciferous
vegetables are rich in glucosinolates, a group of sulfur-containing com-
pounds. The hydrolysis of glucosinolates by the plant enzyme myrosinase
results in biologically active compounds that include indoles. More than
100 glucosinolates with unique hydrolysis products have been identified
in plants. These water-soluble compounds may leach into cooking water;
microwaving at high power and steaming and boiling vegetables can also
inactivate myrosinase.

Evidence that cruciferous vegetables decrease the risk of breast cancer in
population-based studies is limited and inconsistent.* In addition, genetic
polymorphisms may influence the activity of glutathione S-transferases (GST)
and mediate the effects of cruciferous vegetable intake on cancer risk.”

Indole-3-carbinol (I3C) is a constituent of cruciferous vegetables that may
offer chemopreventive benefits by shifting the metabolism of 17B-estradiol
from 16-0-hydroxyestrone (160lOHE,) to 2-hydroxyestrone (20HE,). The
16000HE, metabolite is thought to be genotoxic and tumorigenic, compared
to the 20HE, metabolite. In postmenopausal women, increasing the con-
sumption of cruciferous vegetables significantly increases the urinary ratio of
20HE, to 160l0HE,.* However, the relationship between urinary 20HE; to
16000HE, and breast cancer risk is unclear. Other proposed anticarcino-
genic properties of cruciferous vegetables include their ability to induce
apoptosis and inhibit angiogenesis.

The NIH is studying IC3 supplements in preventing breast cancer in non-
smoking women who are at high risk for breast cancer.’” The long-term
effects of IC3 supplementation in humans are not known, and women should
be advised not to use these supplements until more is known about their
potential risks versus their benefits. More generally, women should be
encouraged to increase their consumption of cruciferous vegetables.
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Flavonoids

Flavonoids are a group of more than 5,000 polyphenolic compounds that
occur naturally in plant foods. Laboratory studies have shown that flavonoids
act as anticarcinogens by inhibiting aromatase activity, tumor cell prolifera-
tion, and the formation of reactive oxygen species.

Epidemiological studies suggest that foods high in specific flavonoids are
associated with a decreased risk of breast cancer. In a retrospective, popula-
tion-based, case-controlled study of 1,434 women with breast cancer and
1,440 controls, the consumption of specific flavonoids was associated with a
decrease in postmenopausal breast cancer risk.*® Odds ratios (OR) for breast
cancer risk were reduced in women with consumption of flavonoids in the
highest quintile versus those with consumption in the lowest quintile. The
effect was strongest for flavonols (found in onions, cherries, broccoli, toma-
toes, tea, red wine, and berries), for which the OR was 0.54; the correspon-
ding ORs were 0.61 for flavones (found in parsley, thyme, and cereal), 0.74
for flavan-3-ols (found in apples, tea, chocolate, red wine, and berries), and
0.69 for lignans (found in flaxseeds, legumes, and whole grains). The data
did not support an inverse association between isoflavones (found in soy),
anthocyanidins (found in blueberries and raspberries), or flavanones (found
in citrus) and breast cancer risk.

The catechins in tea have also been studied for their potential anticarcino-
genic properties. Tea is a popular beverage worldwide, and it has been
brewed from the Camellia sinensis plant for more than 5,000 years. The
method used in its processing results in black, green, oolong, or white tea.
Black tea is produced by allowing the picked tea leaves to dry indoors, fer-
ment, and oxidize. Green tea is produced by steaming the tea leaves, which
inactivates enzymes and preserves the catechin content. Oolong tea is a par-
tially fermented tea. White tea is the least processed of teas and conse-
quently has even greater antioxidant activity than green tea. White tea is
harvested before the leaves are fully opened and when the buds are still covered
by fine white hair; the leaves are then picked and air-dried. White tea is widely
available in the United States but is more expensive than other types of tea.

Studies of the health properties of tea have generally focused on green tea.
Both green and white teas are rich in the flavonols known collectively as cat-
echins. Catechins found in tea include epigallocatechin gallate (EGCG), epi-
gallocatechin (EGC), epicatechin gallate (ECG), and epicatechin (EC).
Green tea has been proposed to have anticarcinogenic properties as a result
of the activity of EGCG. ECCG may protect against cancer by promoting
selective apoptosis, suppressing angiogenesis, preventing oxidative damage
to DNA, and enhancing the detoxification of carcinogens, including hetero-
cyclic amines.”



Nutrition and Lifestyle Factors in the Etiology of Breast Cancer m

Population studies suggest that green tea consumption does not decrease
the risk of breast cancer. Most of these studies have been conducted in Asia;
to date, few large-scale epidemiological studies or randomized controlled
intervention trials have been carried out in Western populations. Ultimately,
the protective effect of green tea may depend on the genotype of an individ-
ual. In a population-based, case-controlled study of Asian American women
in Los Angeles, a significant inverse relationship was found to exist between
tea consumption, breast cancer rate, and polymorphisms in the catechol-O-
methyltransferase (COMT) gene.* Women with at least one low-activity
COMT allele who drank tea had a significantly reduced risk of breast cancer
(adjusted OR = 0.48) compared with non-tea drinkers. This benefit was
observed in drinkers of both green and black teas. Breast cancer risk did not
differ between tea and non-tea drinkers who were homozygous for the high-
activity COMT allele. The COMT gene is involved in the methylation of cate-
chins, and the researchers theorize that tea catechins consumed by women
with the low-activity COMT allele were O-methylated and excreted less rap-
idly, thus conferring a greater cancer-protection benefit.

Phytoestrogens

Phytoestrogens are plant compounds that can bind to ERs. These substances
act as SERMs, as they have both estrogenic and anti-estrogenic effects,
depending on the expression of the ER subtype in the target cell and the
amount of endogenous estrogen present. In premenopausal women, phytoe-
strogens appear to exert antiestrogenic effects; in postmenopausal women,
they may exert estrogenic effects and minimize menopausal symptoms.
These compounds may influence estrogen metabolism through several mech-
anisms: (1) by promoting C-2 hydroxylation over 160 hydroxylation; (2) by
increasing SHBG levels, thereby reducing free estrogens; (3) by inhibiting
aromatase activity; and (4) by binding to ERs.

The major types of phytoestrogens are isoflavones and lignans, which are
discussed next.

Isoflavones
Isoflavones are found in soy, legumes, alfalfa, clover, licorice root, and kudzu
root. Two isoflavones, genistein and daidzein, are found in soy, for example.
The effects of genistein are well documented. The molecular structure of this
compound is similar to that of estradiol-17[3. Genistein binds to both ERo
and ERP, but it has a weaker transcriptional potency and, consequently,
weaker estrogenic properties.

There has been much interest in—and controversy about—the role of soy
in breast cancer risk. To date, the data on the beneficial or adverse effects of
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isoflavones and soy have been contradictory and inconclusive.” It is theo-
rized that isoflavone intake during childhood and adolescence may decrease
breast cancer risk by affecting cellular differentiation. Conversely, isoflavones
given to women at the time of menopause may stimulate the proliferation of
breast cells and, in theory, increase breast cancer risk.

More research is needed before recommending soy to women with ER-
positive breast cancer, and supplementation with isoflavone preparations
should be avoided. Preliminary evidence also suggests that genistein and
daidzein can interfere with the efficacy of the drug tamoxifen.”? Given this
concern, women on tamoxifen should avoid consuming a diet high in soy or
isoflavone supplements.

Lignans

Lignans are compounds found in fiber-rich foods including flaxseed, whole
grains, legumes, and vegetables. Flaxseeds are the richest source of lignans
(enterodiol and enterolactone) in the diet.

Lignans have been shown to modify estrogen metabolism, stimulate SHBG
production in the liver, inhibit aromatase activity in adipose cells, and
decrease cellular proliferation in breast cells. In a small, randomized, dou-
ble-blind, placebo-controlled study of postmenopausal women, supplemen-
tation with 25 g of ground flaxseed/day (in the form of a muffin) resulted in
increased excretion of the less biologically active estrogen metabolite 2-
OHEL; the excretion of 160i-hydroxyestrone did not increase.®

In another study, 31 women with newly diagnosed breast cancer were ran-
domized to daily intake of a muffin containing 25 g flaxseed or a control
(placebo) muffin.* Their tumor tissue was analyzed for tumor cell prolifera-
tion and apoptosis both at the time of diagnosis and at the time of definitive
surgery. In the intervention group, significantly reduced cell proliferation
and increased apoptosis were observed compared to the control group at the
time of definitive surgery.

Although these results are certainly interesting, more research is needed
before flaxseed might be recommended to women who have breast cancer. In
theory, flaxseed could interfere with the antiestrogenic effects of tamoxifen as
a result of its phytoestrogen properties.

Allium Vegetables

The allium family of vegetables, which includes garlic, onions, and shallots,
may have anticarcinogenic properties. Allium vegetables have high concen-
trations of organosulfur compounds, which may selectively inhibit or induce
certain P-450 enzymes; they are also high in antioxidant activity due to their
flavonoid content. To date, few data on their role in breast cancer risk have
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been collected. A recent ltalian case-controlled study failed to find a protec-
tive role for garlic and onion consumption and breast cancer risk.*

Folate

Folate, in the polyglutamate form, occurs naturally in dark-green leafy veg-
etables, legumes, and fruits. Synthetic folic acid is available in supplements
and fortified foods. Several mechanisms have been proposed for the role of
folate inadequacy and carcinogenesis. Folate and vitamin B,, are coenzymes
needed to regenerate methionine from homocysteine. Methionine in the form
of S-adenosylmethione is the principal methyl donor for DNA methylation.
Folate inadequacy, in theory, may lead to hypomethylation and, therefore, to
gene mutation or altered gene expression. Inadequacy of folate may increase
cancer risk by the misincorporation of uracil for thymine during DNA syn-
thesis and by impaired DNA repair. Both of these processes can cause DNA
strand breaks and chromosome damage.

Epidemiologic evidence supporting an inverse relationship between folate
intake and breast cancer risk is inconclusive. In fact, some studies suggest
that high folate intake may increase breast cancer risk. In the prospective,
the randomized Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial
(PLCO), high folate intake due to supplementation was associated with an
increased risk of breast cancer in postmenopausal women.”> Women who
consumed more than 400 mcg/day of supplemental folic acid had a 19%
greater risk of postmenopausal breast cancer than women who did not take
supplemental folic acid. Women in the highest quintile of total folate intake
from food and supplements (> 853 mcg/day) had a 32% greater risk than
women in the lowest quintile (£ 335.5 mcg/day). Folate from food was not
associated with increased risk.

As yet, researchers have not identified the mechanisms underlying the
reported relationship between increased risk of breast cancer and high folate
intake. A very high folate intake might potentially promote the growth of an
existing cancer or cause epigenetic changes in gene-regulatory mechanisms,
leading to gene silencing and cancer development. Ultimately, both defi-
ciency and excess of folate may contribute to breast cancer carcinogenesis.

The combination of folate deficiency and alcohol use also appears to be
positively associated with breast cancer risk. In the PLCO Trial women in
the highest quintile in terms of alcohol consumption (> 7.62 g/day or
approximately 0.5 serving/day) had a 37% greater risk than women in the
lowest quintile of alcohol consumption (< 0.01 g/day).?> The risk associ-
ated with alcohol consumption was highest in women with low total folate
intake (< 335.5 mcg/day). Women in the lowest quintile of folate intake who
consumed 0.5 drink per day had twice the risk of developing postmenopausal
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breast cancer compared to women in the lowest quintile of folate intake who
consumed less than 0.01 g of alcohol per day.

Given this apparent linkage, folate adequacy should be ensured in
women who consume alcohol. At the same time, more research is needed
to elucidate fully the relationship between folic acid and breast cancer
carcinogenesis.

Vitamin D and Calcium

Vitamin D is found in fatty fish such as salmon, sardines, mackerel, and
tuna. Wild salmon is higher in vitamin D than farm-raised salmon. Vita-
min D is also found in fortified foods such as milk, orange juice, and
breakfast cereals. Multivitamins and some calcium supplements also con-
tain vitamin D.

Two forms of supplemental vitamin D are available: vitamin D (also known
as cholecalciferol) and vitamin D, (also known as ergocalciferol). Cho-
lecalciferol is manufactured through the wultraviolet irradiation of
7-dehydrocholesterol from lanolin; it is the preferred form of supplementa-
tion because it has more biological activity. Ergocalciferol is manufactured
through the ultraviolet irradiation of ergosterol from yeast, and is less biolog-
ically active than cholecalciferol. Humans can produce vitamin D when the
skin is exposed to ultraviolet radiation from the sun or from tanning booths.

An estimated 1 billion people worldwide are vitamin D insufficient or
deficient. Obese individuals are particularly at risk for vitamin D deficiency.
Because vitamin D from the diet or from sunlight is efficiently deposited in
the body fat stores, it is not bioavailable. This process leads to low serum
levels in obese persons.

The active form of vitamin D, 1,25-dihydroxyvitamin D, directly or indi-
rectly controls more than 200 genes, including genes involved in the regula-
tion of cellular proliferation, differentiation, apoptosis, and angiogenesis.
Breast tissue expresses 25-hydroxyvitamin D-1ot hydroxylase and produces
1,25-dihydroxyvitamin D locally to control genes that prevent cancer by reg-
ulating cellular proliferation and differentiation. It has been theorized that if
a cell becomes malignant, 1,25-dihydroxyvitamin D can induce apoptosis
and prevent angiogenesis, thereby decreasing the ability of the malignant
cell to survive.

Prospective and retrospective studies suggest that serum levels of 25-
hydoxyvitamin D less than 20 ng/mL are associated with a 30-50%
increased risk of breast, colon, and prostate cancer and a greater risk of mor-
tality.* The few intervention studies that have focused on calcium and/or
vitamin D have shown a reduction in breast cancer in women who take these
supplements. In a four-year, population-based, double-blind, randomized,
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placebo-controlled trial involving 1,179 women, risk of all cancers—including
breast cancer—was reduced in the intervention group receiving 1,400-1,500
mg of calcium and 1,100 IU of vitamin Dy per day and in the group receiving
1,400-1,500 mg of supplemental calcium per day.”

The optimal intake of vitamin D for cancer protection purposes is not
known. The recommended daily intake of vitamin D developed by the Insti-
tute of Medicine is thought by most experts to be inadequate.* Most experts
agree that without adequate sun exposure, children and adults require
approximately 800-1,000 IU of vitamin D per day. Supplementation should
be in the form of cholecalciferol. Assessment of vitamin D status using
serum 25(0OH) levels can be helpful in determining individual needs. Opti-
mal vitamin D levels have not been established. Holick has defined vitamin
D deficiency measured by 25(0OH) vitamin D as less than 20 ng/mL., insuffi-
ciency as 21-29 ng/mlL,, sufficiency as more than 30 ng/ml, and toxicity as
more than 150 ng/mL.* Other sources have proposed an optimal range of

40-65 ng/mlL.*®

Environmental Pollutants

A total of 216 chemicals have been identified in at least one animal study as

© These substances include

increasing the incidence of mammary tumors.
industrial chemicals, chlorinated solvents, products of combustion, pesti-
cides, dyes, radiation, drinking water disinfectant by-products, pharmaceuti-
cals and hormones, natural products, and research chemicals. Of these
chemicals, 73 are present in consumer products or as contaminants in food,
35 are air pollutants, 25 are associated with occupational exposure, and 29
are produced in the United States in large amounts. Laboratory research
indicates that many environmental toxins cause mammary gland tumors in
animals by mimicking estrogen or by increasing the susceptibility of the
mammary gland to carcinogenesis.

The epidemiologic evidence that environmental pollutants play a role in
human breast cancer risk is limited, although support for the relationship is
building.” Meaningful evidence indicates that polycyclic aromatic hydrocar-
bons (PAHs) and polychlorinated biphenyls (PCBs) increase the risk of
breast cancer in women with certain genetic polymorphisms including
GSTM1. PAHs include products of combustion from air pollution, tobacco
smoke, and cooked food and are prevalent in our environment. PCBs were
used in the production of electrical equipment in the past, but were banned
in the 1970s. The primary source of PCB exposure is through consumption of
fish from rivers contaminated with the industrial pollutant. PCBs are found
in high concentrations in breast milk, and they accumulate in fat. Although
breast milk contains PCBs, the American Academy of Pediatrics remains a
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staunch advocate of breastfeeding infants because of the health, nutritional,
immunological, developmental, psychological, social, economic, and envi-
ronmental benefits associated with this practice.”

Additional epidemiologic research is needed on breast cancer risk and
other chemicals that act as endocrine disruptors, including chlorinated sol-
vents, diesel exhaust, dibutyl phthalate, ethylene oxide, perfluorooctanoic
acid, and bisphenol A.

Nutrition Care During and After Cancer Treatment

Nutrition Assessment

Evaluation of nutritional status is important during and following treatment.
Traditional nutrition assessment includes medical history, diet and weight
history, laboratory data, and anthropometric measurements. The Mini Nutri-
tional Assessment (MNA) and the Scored Patient-Generated Subjective
Global Assessment (PG-SGA) are two tools that have been studied in the
cancer population. Of these tools, the PG-SGA has been validated for use
in cancer patients but is time-consuming and must be administered by a
trained individual.> The MNA is a simple tool that can be managed by
a nontrained person but is validated only for use in the elderly population.

In a study comparing the two tools in cancer patients, the MNA was found
to have high sensitivity but low specificity: It adequately identified patients
in need of nutrition intervention but also categorized patients as requiring
nutrition intervention when it was not needed.” The PG-SGA appears to be
more applicable in cancer patients than the MNA, but if staffing and
resources are limited, its use may not be realistic. A modification of the
MNA could be developed to increase its specificity in the cancer setting.

In clinical practice, many individuals with breast cancer who are treated
on an outpatient basis may not require the use of any of these tools.
Metastatic breast cancer is more likely to trigger the need for nutrition
intervention. Lifestyle and nutrition issues related to survivorship, such as
weight gain, exercise, vegetable and fruit intake, and prevention and treat-
ment of the metabolic syndrome—all of which may influence the risk of
recurrence—are common nutritional concerns in this population. For this
reason, a system for identifying patients and providing education is impor-
tant. Patients should be asked about the use of CAM, as there is potential
for drug—supplement interactions. In one study, two-thirds of women who
received traditional treatment for breast cancer also used one or more CAM
therapies that they believed could prevent cancer recurrence and/or
improve their quality of life.”
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Nutritional Implications of Chemotherapy

Chemotherapy side effects affecting nutritional status include nausea and
vomiting (N/V), mucositis, altered taste, xerostomia, dysphagia, myelosup-
pression, fatigue, and diarrhea. Symptoms can be decreased with pharmaco-
logic interventions such as antiemetic, antidiarrheal, and hematopoietic
agents, although many patients who are treated with “dose-intensive” regimens
experience significant side effects. In premenopausal women treated with
CT, infertility and early menopause causing hot flashes and night sweats may
occur. These women are also at risk for osteoporosis due to early menopause.
Chemotherapeutic agents commonly used to treat breast cancer (summarized
in Table 8.1) include cyclophosphamide (Cytoxan®), docetaxel (Taxotere®),
doxorubicin (Adriamycin®), epirubicin (Ellence®), 5-fluorouracil (5-FU),
methotrexate, and paclitaxel (Taxol®).

Table 8.1  Medications Commonly Used to Treat Breast Cancer

Drug (Route of

Administration)

Potential Side Effects/

Mode of Action Nutrition Implications

Chemotherapeutic Agents

Cyclophosphamide
(Cytoxan®)
(intravenous or oral)

e Alkylating agent

o Interferes with RNA
transcription, causing
growth imbalance and

cell death

T uric acid; 4 platelets,
hemoglobin, red blood cells,
white blood cells; anorexia,
nausea and vomiting, stomatitis,
mucositis, abdominal pain,
cardiotoxicity in high doses

Docetaxel (Taxotere®)
(intravenous)

 Inhibits mitosis and
leads to cell death

T alkaline phosphatase, alanine
aminotransferase, aspartate
aminotransferase, and bilirubin;
1 hemoglobin, platelets, white
blood cells; stomatitis, nausea
and vomiting, diarrhea, myalgia,
arthralgia, nail pigmentation

Doxorubicin
(Andriamycin®)
(intravenous)

¢ Interferes with DNA-
dependent RNA

synthesis

T uric acid; 4 platelets and white
blood cells; esophagitis common
in patients who have also
received radiation; nausea and
vomiting, diarrhea, stomatitis,
anorexia, cardiotoxicity

Epirubicin (Ellence®)
(intravenous)

e Inhibits DNA, RNA,

and protein synthesis

1 hemoglobin, neutrophils,
platelets, white blood cells;
nausea and vomiting, diarrhea,
anorexia, mucositis

(continues)
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Table 8.1
Drug (Route of

Administration) Mode of Action

Medications Commonly Used to Treat Breast Cancer, Continued

Potential Side Effects/

Nutrition Implications

Chemotherapeutic Agents

e Inhibits DNA and
RNA synthesis

5-Fluorouracil (5-FU)

(intravenous)

T alkaline phosphatase, alanine
aminotransferase, aspartate
aminotransferase, lactate
dehydrogenase, bilirubin; |
hemoglobin, platelets, red blood
cells, white blood cells, albumin;
anorexia, nausea and vomiting,
gastrointestinal ulceration;
contraindicated in poor
nutritional status or following
major surgery within previous
month

e Antimetabolite

e Reversibly binds to
dihydrofolate
reductase, blocking the
reduction of folic acid
to tetrahydrofolate, a
cofactor necessary for
purine, protein, and

DNA synthesis

Methotrexate
(intravenous)

T uric acid; 4 platelets, red

blood cells, white blood cells;

gingivitis, stomatitis, diarrhea,

abdominal distress, anorexia,

gastrointestinal ulceration and

bleeding, enteritis, nausea and

vomiting.

® May alter results of laboratory
assay for folate status. Folic acid
derivatives antagonize
methotrexate effects and should
be avoided.

e Alcohol may increase
heptotoxicity.

Paclitaxel (Taxol®)
(intravenous)

o Inhibits normal
reorganization of
microtubule network
needed for mitosis and
other vital cellular
functions

T alkaline phosphatase, aspartate
aminotransferase, triglycerides; 4
neutrophils, white blood cells,
hemoglobin, platelets; nausea
and vomiting, diarrhea, mucositis
peripheral neuropathy, myalgia,
arthralgia

Targeted Biologic Therapy

® Recombinant
humanized monoclonal
IgG, antibody

¢ Binds and inhibits the
biological activity of
vascular endothelial
growth factor (VEGF)

¢ Inhibits angiogenesis

Bevacizumab (Avastin®)
(intravenous)

1 white blood cells; T
proteinuria; diarrhea, nausea and
vomiting, anorexia, stomatitis,
abdominal pain, wound healing
complications, gastrointestinal
perforations, congestive heart
failure, hypertension

(continues)
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Nutrition Care During and After Cancer Treatment

Medications Commonly Used to Treat Breast Cancer, Continued

Drug (Route of

Administration)

Mode of Action

Potential Side Effects/

Nutrition Implications

Targeted Biologic Therapy

Trastuzumb (Herceptin®)
(intravenous)

¢ Recombinant DNA-
derived monoclonal
antibody that selectively
binds to HER-2

e Inhibits proliferation of
cells that overexpress

HER-2

N hemoglobin, white blood cells;
anorexia, abdominal pain,
diarrhea, nausea and vomiting

Hormonal Therapy

Anastrozole (Arimidex®)

(oral)

¢ Aromatase inhibitor;
aromatase is an enzyme
that converts
testosterone to estrogen
in the peripheral tissue

e Significantly decreases
estrogen levels

® For use in
postmenopausal women
with ER/PR-positive
tumors

T liver enzymes, hot flashes,

bone pain; T risk of osteoporosis

¢ Ensure adequate calcium and
vitamin D for bone health and
encourage weight-bearing
exercise.

Exemextane (Aromasin®)

(oral)

¢ Aromatase inhibitor

® Mechanism and
indication the same as
for Arimidex®

T bilirubin, alkaline phosphatase,

creatinine, hot flashes;

T risk of osteoporosis

¢ Ensure adequate calcium and
vitamin D for bone health and
encourage weight-bearing
exercise.

Letrozole (Femara®)

(oral)

¢ Aromatase inhibitor

® Mechanism and
indication the same as
for Arimidex®

T cholesterol, hot flashes; Trisk

for osteoporosis

* Ensure adequate calcium and
vitamin D for bone health and
encourage weight-bearing
exercise.

® St. John’s wort may decrease
effectiveness of the medication.

Tamoxifen (Nolvadex®)

(oral)

* Selective estrogen-
receptor modulator
(SERM)

® For use in
premenopausal women
or women with DCIS

or LCIS

T BUN, calcium, T,, liver

enzymes; T white blood cells and

platelets; T risk of pulmonary

embolism, thromboembolism,

endometrial cancer, hot flashes

¢ Ensure adequate calcium and
vitamin D for bone health and
encourage weight-bearing
exercise.

Source: Nursing 2007 Drug Handbook. 27th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2007.
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Weight Gain Associated with Chemotherapy and
Hormonal Therapy

Patients who experience anorexia or N/V often lose weight and should be
referred to a registered dietitian (RD). In contrast, weight gain during CT is
common; the typical increase ranges from 2.5 to 6.2 kg, though greater gains
are not uncommon. Weight gain also occurs in the first 6 months after com-
pletion of CT.

Harvie et al. studied the causes of weight gain in women receiving CT.»
Women in the study gained significant amounts of weight (5 kg + 3.8 kg) and
body fat (7.1 kg + 4.5 kg) over the year. Waist circumference increased by 5.1
cm * 4.5 cm; abdominal skin-fold increased by 16.2 mm + 10 mm; and fat-
free mass decreased by 1.7 kg = 2.5 kg. Resting energy expenditure (REE)
declined by 3% during CT and remained depressed for at least 3 months after
treatment. There was no significant change in dietary intake or physical activ-
ity over the year, and weight gain was attributed to a decline in REE com-
bined with a failure to decrease caloric intake or increase physical activity.

In another study, sarcopenic obesity (weight gain with lean tissue loss or
the absence of lean tissue gain) and decreased physical activity, but not
overeating, were determined to be the causes of weight gain in premenopausal
women receiving CT.* Resistance training, especially that focusing on the
lower body, should be encouraged in women undergoing CT to prevent loss of
lean body mass, which leads to a decrease in REE and subsequent weight
gain. In the Women’s Healthy Eating and Living (WHEL) study, all regimens
of CT were associated with weight gain and only 10% of study participants
returned to their initial weight.”

Although women commonly complain of weight gain when they are treated
with tamoxifen, use of this hormonal therapy was not associated with weight
gain in the WHEL study.” Previous studies have reported conflicting results
about tamoxifen’s role in weight gain. Studies reporting significant weight
gains with tamoxifen were limited by short follow-up, small sample size, and
lack of a control group.

Menopausal Vasomotor Symptoms

The most common complaints in women with ER-positive tumors are the
result of early menopause due to CT-induced ovarian failure, surgical ovar-
ian oblation, or treatment with antiestrogenic drugs including SERMs and
Als.®® Most women experience hot flashes associated with these kinds of
treatments. Although hot flashes can affect the quality of life in survivors,
they may also be a strong predictor of breast cancer recurrence in women
who are treated with tamoxifen.” Data from the WHEL study showed that
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women who reported hot flashes at baseline were less likely after 7.3 years to
develop breast cancer recurrence than those who did not report hot flashes at
baseline. Hot flashes were a stronger predictor of recurrence than age, hor-
mone receptor status, or the stage of cancer at diagnosis (stage | versus stage
IT). Additional research is needed to clarify the relationship between hot
flashes and recurrence.

Few studies have addressed the management of menopausal symptoms in
breast cancer survivors.® HRT is contraindicated in breast cancer survivors,
especially those with ER-positive tumors. The use of selective serotonin
reuptake inhibitors (SSRIs), the selective serotonin and norepinephrine reup-
take inhibitor (SSNRI) venlafaxine, and the anticonvulsant gabapentin has
been shown to reduce hot flashes, but the long-term safety of these agents is
unknown.”!

Many women are interested in CAM approaches for the alleviation of their
menopausal symptoms. The safety of phytoestrogens from soy, lignans, and
supplements of red clover, licorice root, kudzu root, and soy isoflavones has
not been established in breast cancer survivors, and it is prudent to advise
women to avoid these supplements. Black cohosh (Cimicifuga racemosa) has
been approved by the German E Commission for the nonprescription treat-
ment of menopausal symptoms. Black cohosh has a relatively good safety
profile but research supporting its use for the treatment of hot flashes in
women with breast cancer is inconclusive.® This herb is not a phytoestrogen,
and its mechanism of action is not clear.

The North American Menopause Society (NAMS), in its position paper on
the management of hot flashes, suggests lifestyle-related strategies for deal-
ing with mild menopausal symptoms, including keeping the core body tem-
perature cool, using paced respiration, and exercising regularly.” NAMS
found no benefit with the use of dong quai, evening primrose oil, ginseng, a
Chinese herbal mixture, acupuncture, or magnet therapy. Hot flash “trig-
gers” such as alcohol, hot drinks, or spicy foods are a problem for some, but
not all, women.

Osteoporosis

Breast cancer survivors are at risk for osteoporosis and fractures because of
low estrogen levels caused by early menopause as a result of CT or oophorec-
tomy in premenopausal women or the use of Als in postmenopausal women.*
Tamoxifen has been shown to preserve bone mineral density (BMD) in the
spine and hip in postmenopausal women, although the extent of the protection
is not clear—few studies have directly investigated the net BMD increase.®
Likewise, few studies have focused on the purported link between tamoxifen
and a decreased risk of bone fractures.
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Recommendations for preventing and treating bone loss in breast cancer
survivors are similar to those for women without breast cancer. Women are
advised to undergo an initial dual-energy x-ray absorptiometry (DEXA) bone
scan and then an annual or biennial DEXA to assess BMD.

Recommendations have also been made regarding the use of calcium,
vitamin D, and exercise to ward off bone loss. In 2006, for example, NAMS
issued a position paper supporting the role of calcium and vitamin D in
reducing fractures. It recommends 1,200 mg of calcium per day from food
and supplements and adequate vitamin D, defined as a serum level of 25 (OH)D
of 30 ng/mL (or higher).® In clinical practice, supplementation with
800-1,000 IU of vitamin D, is typically needed to obtain a level of 30 ng/mL
(or more) of 25(OH)D, but some women may need even larger amounts.
Women should be advised to engage in regular weight-bearing and muscle-
strengthening exercise to prevent and bone loss and to prevent falls. The use
of bisphosphonates in combination with Als may minimize bone loss.””

Cardiovascular Disease

The risk of cardiovascular disease (CVD) depends on the type of adjuvant
systemic therapy received. Radiation to the left chest wall is associated
with an increase in the long-term risk of cardiovascular events. Early
menopause also increases the long-term risk of CVD because it results in
the loss of the protective effects of estrogen. Some concerns have been
raised that the reduction of estrogen associated with use of Als may also
increase CVD risk, but studies to date have been inconclusive. For all these
reasons, women should follow the standard guidelines for reducing CVD
risk, such as maintaining a healthy weight, avoiding smoking, exercising reg-
ularly, and controlling blood pressure, blood sugar, and lipids.

Congestive heart failure can result from CT consisting of anthracyclines or
tratuzumab. Tamoxifen increases the risk of deep venous thrombosis and
cerebrovascular disease.

Preventing Recurrence

In the United States, the number of breast cancer survivors is estimated to
exceed 2 million. Many of these survivors are interested in nutrition and
lifestyle interventions beyond conventional treatment to improve their prog-
nosis. Although hundreds of studies have focused on the potential links
between diet and etiology of breast cancer, only a few studies to date have
addressed diet and survival.®® The Women’s Intervention Nutrition Study
(WINS) and the WHEL study are two randomized trials that focused on
lifestyle intervention, including diet and exercise (Table 8.2).%™ Both WINS
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Table 8.2  Summary of Intervention Trials on Preventing Breast
Cancer Recurrence

Name of Study/
Year Published/
Country

Size of Cohort/
Years of Follow-up

Findings

Women’s Healthy
Eating and Living
(WHEL), 2007,
United States™

¢ 1,490 women with
early-stage breast
cancer

® Mean 6.7 years of
follow-up

A combination of consuming five or
more servings of vegetables/fruit and
accumulating the equivalent of
walking 30 minutes 6 days per week
was associated with a significant

survival advantage (HR = 56).
Benefits were observed in both obese
and non-obese women.

® 2,437 women with
early-stage breast
cancer

5 years

Women’s Intervention
Nutrition Study (WINS),
2006, United States™

Reducing dietary fat to 15-20% of
calories was associated with a longer
relapse-free survival in women with
ER-negative/PR-negative cancers. No
benefit was seen in ER-positive/PR
positive cancers.

and WHEL enrolled women who had completed primary conventional cancer
treatment. In addition to these two studies, at least five ongoing prospective
cohort studies are addressing diet and breast cancer survival in women who
have undergone conventional therapy and are in remission.

Weight and Risk of Recurrence and Mortality

Weight and elevated body mass index (BMI) have been associated with a
poorer prognosis, but more recent data on this subject are mixed. In the
Nurses’” Health Study, 5,204 participants who were diagnosed with invasive,
nonmetastatic breast cancer between 1976 and 2000 were followed for a
median of 9 years.” High body weight prior to diagnosis was associated with
poorer survival. Participants who gained 6 pounds after diagnosis had a RR
of death from breast cancer of 1.35; those who gained 17 pounds had a RR of
1.64. Similar findings were seen for breast cancer recurrence and mortality
from all causes.

Abrahamson et al., in a large population-based follow-up study, found that
breast cancer survival is reduced among younger women aged 20-54 with
general or abdominal obesity.™ Young women who had a BMI of 30 or more or
a waist-to-hip ratio (WHR) of 0.80 or more near the time of their diagnosis of
breast cancer also had increased mortality. In contrast to these findings,
more recent data from the WHEL study revealed that combined healthy
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lifestyle behaviors, consisting of five servings of vegetables and fruit per day
and the equivalent of walking 30 minutes at a moderate pace 6 days per
week, was associated with a 50% reduction in mortality rates in both obese
and non-obese women with early-stage breast cancer.”

The means by which overweight influences survival include increased
endogenous production of estrogen by adipose tissue, decreased levels of
SHBG, diagnosis at a later stage, larger tumor size at diagnosis, increased
insulin and insulin-like growth factors, and poorer response to treatment.
Obesity is also associated with reduced immune function, which could indi-
rectly promote recurrence. Elevated WHR is associated with hyperinsuline-
mia and insulin resistance independent of BMI and may be a contributing
factor in mortality. A higher BMI may also be related to increased mortality
as a result of incorrect dosing of CT, incomplete removal of the primary
tumor, or difficulty in detecting recurrences in large women.

Low-Fat, High-Fiber, High-Vegetable and -Fruit Diet

A low-fat, high-fiber, high-vegetable and -fruit diet does not appear to reduce
mortality or recurrence in breast cancer survivors. In the WHEL trial, a diet
including 5 vegetable servings plus 16 ounces of vegetable juice, 3 fruit
servings, 30 grams of fiber, and 15-20% of calories from fat did not reduce
mortality from breast cancer, mortality from any cause, or the combined out-
come of invasive breast cancer recurrence or new primary breast cancer dur-
ing the 7.3-year follow-up period in women with early-stage breast cancer
(stage I, stage 11, or stage Illa).” Women in the control group consumed 5
servings of vegetables and fruit per day, so it is possible that eating more
than 5 servings of vegetables and fruit per day does not confer additional
benefit. These results were surprising, as a high-fiber, low-fat diet interven-
tion has been demonstrated to decrease serum bioavailable estradiol levels
in women with a history of breast cancer.”

Dietary Fat and ER-Negative/PR-Negative Breast
Cancer Recurrence

Dietary fat intake may influence the recurrence or the diagnosis of a new
breast cancer in women with early-stage breast cancer, according to
interim analyses from the Women’s Intervention Nutrition Study (WINS).™
WINS, a randomized, prospective, multicenter trial involving more 2,400
participants, showed that a reduction in dietary fat to 15-20% of total
calories was marginally associated with longer relapse-free survival. The
benefit was mainly seen in women with ER-negative/PR-negative cancers.
Reduced body weight in the intervention group might be responsible for
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the improvement in relapse-free survival. Although additional research is
needed to confirm the relationship between dietary fat and relapse, women
with ER-negative/PR-negative breast cancers should be advised to reduce
their dietary fat intake to 20% of calories. The expertise of a registered
dietitian should be utilized to help women achieve this goal.

Combined Healthy Lifestyle Behaviors

Healthy lifestyle behaviors, when combined, have been demonstrated to
have a beneficial effect on mortality in breast cancer survivors. Combined
healthy lifestyle behaviors, consisting of 5 servings of vegetables and fruit
per day, and the equivalent of walking 30 minutes at a moderate pace 6 days
per week, were associated with a 50% reduction in mortality rates in a
prospective study of 1,490 women diagnosed with early-stage breast cancer.
The women in this study had completed primary therapy, although the major-
ity of them were still taking tamoxifen.” Women who were physically active
and consumed 5 servings of vegetables and fruit per day had an estimated
10-year mortality rate of 7%, or approximately half of the rate in women with
lower levels of physical activity and lower vegetable and fruit consumption.
The effect was seen in both obese and non-obese women; it was stronger in
women with ER-positive or PR-positive cancers.

Green Tea

Epidemiologic research in Japan suggests that Asian women who have been
treated for stage I or stage Il breast cancer and who drink 3-5 cups of green
tea per day reduce their risk of recurrence compared to women who drink
0-2 cups of green tea per day (HR stage I = 0.37; HR stage I = 0.80).” No
benefit was found for stage Il and IV breast cancer. This study suggests reg-
ular green tea consumption may protect against recurrence of breast cancer
when patients are diagnosed with and treated for early-stage cancer, though
the results need to be confirmed with randomized trials. Nevertheless,
women with early-stage breast cancer may want to consider drinking 3-5
cups of green tea per day, as there are no known harmful effects and some
potential benefit.

Vitamin D

Low vitamin D levels at the time of diagnosis may be associated with a poor
prognosis. In a prospective study involving 512 women with newly diag-
nosed breast cancer, vitamin D deficiency at the time of breast cancer diag-
nosis was associated with an increased risk of distant recurrence and death.™



m Chapter 8 Breast Cancer

Vitamin D levels were deficient (< 50 nmol/L. or <20 ng/mL) in 37.5% of
these patients, insufficient (50—-72 nmol/L or 20-28.8 ng/mL) in 38.5%, and
adequate (> 72 nmol/L or 28.8 ng/mL) in 24%. Low vitamin D levels were
associated with premenopausal status, high BMI, high insulin levels, high
tumor grade, and low dietary intake of retinol, vitamin E, grains, and alcohol.
Distant disease-free survival (DDFS) was significantly worse in women with
deficient (versus adequate) vitamin D levels (HR = 1.94), as was overall sur-
vival (HR = 1.73). There was no survival difference between women with
insufficient versus adequate vitamin D levels. Associations with DDFS were
independent of age, BMI, insulin, tumor stage and nodal status (T and N in
the TNM system), ER status (positive or negative), and tumor grade. The data
suggested a small but not statistically significant increased risk of metastasis
with high levels of vitamin D.

Epidemiological studies suggest that the season in which diagnosis is made
may also affect survival. Diagnosis of breast cancer in the summer is associ-
ated with greater survival than diagnosis in the winter. Women of all ages in
Norway who were diagnosed in the summer had 25% better survival after
standard treatment compared with women who were diagnosed in the winter.”
Women younger than age 50 had 40% better survival if they were diagnosed
in the summer versus the winter. Although no conclusions about the biologi-
cal mechanism could be made based on this epidemiological study, the
authors theorized that women diagnosed in the summer had higher circulating
vitamin D levels, which may have modulated cell signaling, induced apopto-
sis, regulated cell-cycle progression, and reduced angiogenic activity and
invasiveness. Similar findings have been reported in the United Kingdom.™

Women with a history of breast cancer should have their serum 25(0H)
levels measured. Additional research identifying the optimal serum level to
prevent recurrence is needed, but the study results suggest that women
should take enough vitamin D to maintain an adequate serum level.

Cruciferous Vegetables

A clinical trial seeking to determine whether cruciferous vegetables are pro-
tective against breast cancer recurrence is now under way.” In the meantime,
it is reasonable to encourage women to increase consumption of cruciferous
vegetables because of these foods’ proposed anticarcinogenic properties and
ability to modulate estrogen metabolites. Currently, there is no evidence to
support the use of supplements of I3C, the component of cruciferous vegeta-
bles thought to modulate estrogen levels.

Table 8.3 provides a summary of the recommendations for prevention of
recurrence for breast cancer survivors.
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Table 8.3  Nutrition Recommendations for Breast Cancer Survivors

1. Engage in the equivalent of brisk walking 6 days per week for ¥ hour per session. Eat
5 servings of vegetables and fruits per day. Select colorful vegetables that are yellow,
orange, and deep green. Increase consumption of broccoli, cabbage, cauliflower, and
other cruciferous vegetables, which should be either uncooked or lightly steamed to
ensure maximum benefit.

2. Maintain a healthy weight. Avoid sweetened beverages such as soda, lemonade, and
sports drinks. Consume energy-dense foods sparingly. Avoid fast foods.

3. Limit red meat to 3 servings per week or less, and avoid processed meats. If processed
meat (including turkey breast) is consumed, select brands that are nitrate- and
preservative-free. These foods can be found in many health food supermarkets.

4. Avoid charbroiled and overcooked foods (burnt or charred), including beef, chicken,
lamb, pork, or fish. Cook these foods at a temperature below 325° F—the surface
temperature at which heterocyclic amines (HCAs) form—whether grilling, pan-frying,
or oven-roasting the foods. When grilling, marinating the meat prior to cooking can
reduce the formation of HCAs. Avoid cooking over a direct flame, as fat or marinade
drippings can cause flare-ups that deposit HCAs and other carcinogens on the surface
of food. Flip food once a minute. Microwaving the meat for 1-2 minutes at a medium
setting prior to grilling can inhibit HCAs formation. Use other methods of food
preparation such as stewing, poaching, or slow-cooking in a Crock-Pot.

5. Aim for 1,400-1,500 mg of calcium per day and 1,100 IU of vitamin D, as
cholecalciferol. Measure serum 25(0OH) vitamin D levels to determine vitamin D
sufficiency. Low levels of vitamin D are associated with increased risk of recurrence
and death. Increase vitamin D supplementation as necessary to achieve a sufficient
serum level of vitamin D, currently thought to be 30 ng/mL or more. Optimal serum
ranges of vitamin D for the prevention of breast cancer recurrence are not known.

6. Drink 3-5 cups of green tea per day.

7. Avoid alcoholic drinks. Even small amounts of alcohol increase breast cancer risk,
regardless of the type of alcohol. Women who drink alcohol should take a
multivitamin supplement with the RDA for folic acid.

8. For ER-negative/PR-negative breast cancer, dietary fat should be decreased to
15-20% of total daily calories. Recommend consultation with a registered dietitian to
achieve this goal.

9. Breast cancer survivors should receive nutritional care from a registered dietitian for
diet and supplement advice. A registered dietitian can help with weight management
and the prevention and treatment of the metabolic syndrome. In general, a
multivitamin supplement should not provide more than the RDA for nutrients, with
the exception of vitamin D. Calcium supplementation is often necessary to meet the
recommendations for this nutrient. Nutrients and phytochemicals should come from
food, not from supplements. Excess amounts of some nutrients, such as folic acid, may
increase breast cancer risk in some individuals.

(continues)
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Table 8.3  Nutrition Recommendations for Breast Cancer Survivors,

Continued

10. Women with ER-positive/PR-positive breast cancers who experience hot flashes due
to endocrine therapy or early menopause should avoid taking supplements containing
phytoestrogens from soy or lignans, or supplements of red clover, licorice root, kudzu
root, or soy isoflavones. The safety of these supplements has not been established for
the management of hot flashes in breast cancer survivors. Diets high in soy from food
should also be avoided. Black cohosh, which is not a phytoestrogen, has a relatively
good safety profile, but research supporting its use for the treatment hot flashes in
women with breast cancer is inconclusive. No benefit has been found for dong quai,
evening primrose oil, or ginseng. Lifestyle strategies such as keeping the core body
temperature cool, using paced respiration, and exercising regularly may help for
managing mild hot flashes. Spicy foods, hot drinks, or alcohol may be hot flash
triggers in some women.

Future Directions for Research

Nutrition’s part in the etiology, treatment, prevention, and recurrence of
breast cancer continues to unfold. Although strong evidence is lacking about
the relationship between diet and breast cancer, women should continue to
embrace healthy eating and lifestyle behaviors for their potential overall
health benefits. Additional research is needed about the role of diet during
fetal development, infancy, childhood, and adolescence as part of the etiol-
ogy of breast cancer. Diet during these periods of development may be an
important predictor of breast cancer risk, but as yet data are lacking in this
area. Areas for additional exploration include how diet influences subgroups
of women characterized by certain tumor subtypes and genetic, epigenic, or
hormonal status. Similarly, research is needed on breast cancer risk and
chemicals that act as endocrine disruptors. Additionally, studies addressing
survivorship and diet are essential, especially those geared toward finding
the optimal levels of vitamin D to prevent recurrence.
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Chapter 9

Reproductive Cancers

Heather Hendrikson, RD, CSP, LD

INTRODUCTION

Cancers of the female reproductive system include ovarian, endometrial, cer-
vical, uterine sarcoma, vaginal, and vulvar types. Uterine cancer is the most
common female reproductive cancer (RC) in the United States.! Ovarian can-
cer is the second most common gynecologic cancer and the leading cause of
death from reproductive malignancies.'* Table 9.1 presents the projected
new cases and deaths from RC in 2008 in the United States.

The largest body of evidence in nutrition therapy and RC relates to
patients with ovarian cancer, especially advanced stages that can lead to
bowel obstruction. Most RC, including ovarian, endometrial, cervical, uter-
ine, and vaginal types, can lead to abdominal bowel obstruction and fluid
accumulation as a result of tumor advancement. The management of bowel
obstruction is usually similar regardless of the underlying type of gyneco-

logic cancer.

Table 9.1  Estimated New Reproductive Cancer Cases and Deaths in the
United States, 2008

Type of Reproductive Cancer New Cases Deaths
Uterus 40,100 7,470
Ovary 21,650 15,520
Cervix 11,070 3,870
Vulva 3,460 870
Vagina 2,210 760
Source: American Cancer Society, Cancer Facts and Figures 2008.
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Ovarian Cancer

One of the risk factors for ovarian cancer is age: Approximately half of these
cancers are diagnosed in women who are older than 63 years of age. Obesity
appears to increase the risk of ovarian cancer, and the rate of death is 50%
higher in obese women. Other risk factors include estrogen replacement
therapy or hormone replacement therapy; a family history of ovarian, breast,
or colorectal cancer; and a personal history of breast cancer.!

Limited evidence suggests that a diet characterized by non-starchy veg-
etables, moderate alcohol consumption, and low fat, when followed for at
least four years, lowers the risk for ovarian cancer. Birth control pills used
for greater than five years, bearing children, and lactation protect against
ovarian cancer, as do late menarche, early menopause, and tubal ligation or
hysterectomy. More compelling evidence shows the factors leading to, or the
consequences of, greater adult-attained height are a probable cause of ovar-
ian cancer. Adult-attained height is a marker for genetic, environmental,
hormonal, and nutritional factors affecting growth during the period from
preconception to completion of linear growth. Adult height increases as pop-
ulations become less vulnerable to undernutrition, infestations, and infec-
tions, and as food supplies become more secure and abundant. This trend
has now slowed or even stopped in most high-income countries.'”

Ovarian cancer has no signs and symptoms during its early stages. As a con-
sequence, the disease is usually in an advanced stage when diagnosed. Notice-
able signs and symptoms may include swelling of the stomach, pelvic pressure
or stomach pain, trouble eating or feeling full quickly, and having to urinate
often or with increased sense of urgency. It is important to see a doctor if these
symptoms persist for greater than two weeks. Regular women’s health exams,
which include a pelvic exam and a Pap smear, are used as a screening device.!

Endometrial Cancer

It is unknown what causes endometrial cancers. Nevertheless, most are
hormone-driven, and an imbalance toward increased estrogen production
increases the risk for endometrial cancer. Risk factors include total number of
menstrual cycles, history of not being able to become pregnant or having never
given birth, estrogen replacement therapy, treatment with tamoxifen (a hor-
monal drug used for breast cancer treatment and risk reduction), and a history
of other ovarian diseases. Convincing data suggest that obesity—and especially
fat accumulation in the abdominal region—is a risk factor for endometrial can-
cer. Although most women’s estrogen is made in the ovaries, fat tissue can
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change some other hormones into estrogens. A diet high in animal fat, often
leading to obesity, and diabetes, which is more common in overweight individu-
als, are also risk factors. Other factors that may play a role in the development of
endometrial cancer include smoking; a family history, especially of certain
types of colon, breast, or ovarian cancer; and previous pelvic radiation therapy.!

Physical activity, bearing children, birth control pills, and early menopause
are probably protective against the development of endometrial cancer. Lim-
ited evidence suggests non-starchy vegetables protect against endometrial
cancer, whereas red meat and the factors that result in greater adult-attained
height, or its consequences, can lead to cancer of the endometrium.'

Possible signs and symptoms of endometrial cancer include unusual
bleeding, spotting, or discharge. Pelvic pain, a pelvic mass, and weight loss
are symptoms of more advanced endometrial cancer.’

Cervical Cancer

No strong evidence is available linking any aspect of food, nutrition, or phys-
ical activity to the risk of cervical cancer.? The most important risk factor
for cancer of the cervix is infection with human papillomavirus (HPV).!

The most common symptom of cervical cancer is abnormal vaginal bleeding,
but early cervical pre-cancers or cancers often have no signs or symptoms.
Therefore, two preventive measures, which can sometimes even prevent pre-
cancers, are important for women: avoiding HPV infection and receiving regular
Pap tests.

Steps to avoid HPV consist of delaying sex, using condoms, and being
immunized with the HPV vaccine (Gardasil). The HPV vaccine, which con-
sists of a series of three shots given over six months, is administered before
sexual activity begins. The American Cancer Society (ACS) recommends the
vaccine for females aged 11-12 years and as early as age 9 years in some
individuals if recommended by a physician. The ACS also suggests that
women aged 13-18 years receive the vaccine for “catch-up” purposes and
that women aged 19-26 years speak with their physician to determine if the
vaccine is indicated. The vaccine does not protect individuals from all cancer-
causing types of HPV, however, so Pap tests are still needed.!

The Pap test, using either conventional or liquid-based cytology, is the
most common screening form for pre-cancers. The majority of cervical can-
cers are found in women who have not had Pap tests at the recommended
intervals. Initiation and timing of tests depend on the patient’s age and risk fac-
tors. The ACS recommends working closely with a women’s health professional
to determine commencement and frequency of testing. An HPV DNA test,
which includes a sampling of the cells of the cervix, can be used in conjunc-
tion with a Pap test. Administration of the HPV DNA test also depends on
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age and risk factors. Patients are advised to consult with their physicians to
determine the necessity for this test.!

Uterine Cancer

Risk factors for uterine cancer include prior pelvic radiation therapy and
race—this disease is twice as common in African Americans as in whites or
Asian Americans. Hormone balance plays a large role in uterine cancer, with
risks including obesity, estrogen replacement therapy, treatment with tamox-
ifen, infertility, diabetes, early menstruation (before age 12), and menopause
after age 52.1

Most uterine sarcomas are asymptomatic and cannot be prevented. Their
signs and symptoms may include unusual bleeding or discharge and pelvic
pain and/or mass. There are no recommended screening tests or examina-
tions to detect uterine sarcomas. The Pap test can occasionally find some
early uterine cancers, but most cases are not detected by this test.!

Vaginal Cancer

Risk factors for vaginal cancer include age (most cases appear in women older
than age 60), vaginal irritation, cervical or pre-cervical cancer, and smoking.
Another risk is vaginal adenosis: Vaginal walls are normally lined with squa-
mous cells, but in adenosis the vagina may contain one or more areas of the
types of cells lining the uterus. Also, 65-80% of vaginal cancers have been
found to contain HPV. Lastly, human immunodeficiency virus (HIV) infection
can increase the risk of vaginal cancer because immunosuppression can
increase the risk of HPV, thereby increasing the risk of cancer development.!

The exact cause of vaginal cancer is unknown. Prevention measures
include avoiding HPV infection and receiving regular Pap tests to detect
pre-cancers. Signs and symptoms include abnormal vaginal bleeding, often
after intercourse; abnormal vaginal discharge; a mass that can be felt; and
pain during intercourse. In advanced stages of the disease, painful urination,
constipation, and continuous pain in the pelvis may occur.'

Vulvar Cancer

Risks of vulvar cancer include age (85% of women diagnosed are older than
age 50 and 50% are older than age 70), HPV infection, smoking, HIV infec-
tion, vulvar intraepithelial neoplasia (VIN), lichen sclerosis, other genital
cancers, and melanoma or atypical moles on nonvulvar skin. Regular gyne-
cologic checkups are essential to assist in detection of this disease. Usually,
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vulvar cancer is characterized by persistent itching and a growth or ulcer in
the vulvar area.!

Treatment Options

Most cases of RC are treated with surgery. The surgical interventions will
vary depending on disease type, stage, and presence of metastatic disease.
Surgery is often followed by chemotherapy and/or radiation therapy. For non-
disease-specific nutrition care during medical, radiological, and surgical
oncology treatments, refer to Chapters 4 and 5. The following sections detail
the treatments for each type of RC.

Ovarian Cancer

Surgery in ovarian cancer is important for staging and tumor removal. Staging
assists in determining the treatment plan but often requires removing the
uterus, both ovaries, and the fallopian tubes, along with the omentum (a layer
of fatty tissue over the abdomen) and lymph nodes in the pelvic and abdomi-
nal areas. Also, surgery typically includes tumor removal and/or debulking,
s0 as to eliminate as much of the tumor as possible. Chemotherapy, which can
be delivered either intravenously or directly into the abdomen for advanced-
stage disease, is also used as treatment for ovarian cancer.! Chemotherapy
medications commonly used to treat ovarian cancer and their nutrition-related
side effects are listed in Table 9.2. Radiation therapy is not routinely used in
ovarian cancer." °© Recurrent cancer may require hematopoietic stem cell
transplantation.'

Endometrial Cancer

Surgical intervention for endometrial cancer most commonly involves a radi-
cal hysterectomy, which includes the removal of the uterus, cervix, upper
part of the vagina, and other tissues next to the uterus, along with laparo-
scopic lymph node sampling. Radiation therapy is used and can include
either brachytherapy, in which radioactive pellets are placed via the vagina,
or external radiation. Hormone therapy with progesterone-like drugs is
administered to slow the growth of the cancer and is more often used in cases
of advanced or recurrent endometrial cancer. Chemotherapy may be given
depending on the stage of disease,! with this treatment typically being
offered to women with more advanced stages of disease. The chemotherapy
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Table 9.2 Chemotherapy Agents Used in Ovarian Cancer and Their
Nutritional Side Effects

§ ¢ & N
N o,
& QO - N N N N -8
ol 3 N N gl 8 N §
SIS § 151818158
Chemotherapy | & °$ N L & § %cQ & § N §
Agent S\ A4 N & Q O v
Cisplatin X X X
Carboplatin X X
(metallic
taste)
Docetaxel X X
Doxorubicin X
Etoposide X X X
Gemcitabine X X X
Paclitaxel X X
Topotecan X X X
Vinorelbine X X X X

Source: www.cancer.about.com.

agents typically employed in endometrial cancer are cisplatin, carboplatin,
doxorubicin, and paclitaxel.

Cervical Cancer

Several types of surgery are performed to treat cervical cancer. Some involve
removing the uterus; others do not. Cryosurgery, which kills abnormal cells
on the cervix by freezing them, and laser surgery, which burns cells or
removes small pieces of tissue, are used in treating pre-invasive cervical
cancer (stage 0) only. Conization involves the removal of a cone-shaped piece
of tissue from the cervix. This surgical technique can be used to find the can-
cer or treat early cancers, especially in women who want to have children.
Depending on staging and treatment plans, a simple hysterectomy (uterus
only is removed) or radical hysterectomy including a pelvic lymph node dis-
section can be done.

Trachelectomy may allow young women who have an early stage of cervi-
cal cancer to be treated and still be able to have children. This procedure
entails removal of the cervix and upper part of the vagina and the placement
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of a “purse-string” stitch to act as an artificial opening of the cervix in the
uterus. Women who have undergone a trachelectomy have a 50% pregnancy
rate after five years, but have a higher than normal rate of miscarriage; a cae-
sarean section is required to deliver their children.

Pelvic exenteration, besides removing the reproductive organs mentioned
previously, includes removal of the bladder, vagina, rectum, and part of the
colon. This procedure is used more often in the presence of a recurrent can-
cer occurring after initial treatment and remission.!

Radiation therapy for cervical cancer can take the form of either external
radiation or internal radiation.! Chemotherapy is not commonly used in cer-
vical cancer. although it may be employed in select cases.¢ If chemotherapy
is required, the agents used more commonly are carboplatin, cisplatin, pacli-
taxel, 5-fluorouracil, cyclophosphamide, and ifosfamide.

Uterine Cancer

Surgery to remove uterine cancer typically includes a radical hysterectomy,
which entails the removal of the uterus, cervix, upper part of the vagina, and
other tissues next to the uterus, and can include lymph node removal in the
pelvis and lower abdominal back. Radiation therapy for this type of cancer
may consist of either brachytherapy, in which radioactive pellets are inserted
via the vagina, or external radiation therapy. Chemotherapy (doxorubicin
combined with either Platinol® or paclitaxel) and hormone therapy are also
used in the treatment of uterine cancer, typically if surgery and radiation
therapy have failed.’

Vaginal Cancer

The two main treatments for vaginal cancer are surgery and radiation ther-
apy. Surgery generally includes laser surgery in which a high-energy beam
of light vaporizes the abnormal tissues. A wide local excision or partial
vaginectomy are performed rarely, but may be needed if other treatment
options fail. Topical chemotherapy applied directly to the vaginal lining or
intravenous chemotherapy (cisplatin, carboplatin, 5-fluorouracil, paclitaxel,
etoposide, capecitabine, bleomycin, mitomycin C, vineristine or ifosfamide)
may be used to treat advanced stages.!

Vulvar Cancer

Laser surgery, in which a focused laser beam is employed to vaporize the
layer of vulvar skin containing the abnormal cells, is used in the treatment of
pre-invasive cancer. Excision—that is, removal of the cancer and a margin of
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the normal-appearing skin around it—is sometimes called a local excision; if
the area removed is more extensive, the procedure is called a simple partial
vulvectomy. A vulvectomy can be simple or radical. It can include inguinal
node dissection and sentinel lymph node biopsy. In advanced stages, pelvic
exenteration is performed; this procedure involves a vulvectomy and removal
of the pelvic lymph nodes, as well as one or more of the following structures:
the lower colon, rectum, bladder, uterus, cervix, and vagina.!

External-beam radiation is often used in conjunction with chemotherapy
in cases of vulvar cancer. Radiation therapy can also be used to treat the
groin nodes and pelvic nodes alone. Chemotherapy can be given intra-
venously for more invasive cancer, or it can be applied as a topical cream
directly to the skin in less invasive cancers.!

Primary Surgery and Nutritional Issues

Early postoperative oral intake in patients with RC has been debated and
studied for many years. In the late 1990s, clinicians realized that traditional
feeding protocols, which avoided oral intake in the early postoperative
period, were not based on scientific literature, but instead were passed down
from surgical mentors. Traditional management included nasogastric suc-
tion, awaiting the return of bowel sounds, and the passage of flatus or bowel
movement before initiating oral intake.”

While research has not identified the cause of postoperative ileus, fear of this
complication has prompted many surgeons to continue with traditional postop-
erative management. Scientific data demonstrate that small intestinal function
returns almost immediately after surgery, gastric emptying returns by the sec-
ond postoperative day, and colonic function is normal in two to three days.’
Studies have concluded early postoperative oral intake results in decreased
length of hospitalization and is well tolerated when compared with traditional
dietary management in patients undergoing abdominal surgery.”® These studies
utilized clear liquid diets on postoperative day 1 and advanced to a regular diet
once liquids were tolerated.™® Patients also receiving irradiation, neurotoxic
chemotherapy, or extensive abdominal surgery may need a more individualized
diet; more research is currently needed in these specific areas.’

The disease stage and patient condition at time of surgery may influence
which type of surgical intervention is appropriate. The use of a nutrition lab-
oratory value, prealbumin, has also been proposed as a predictor of patient
outcomes. In a study by Geisler and colleagues, prealbumin level and com-
plications were used to establish which patients would not be good candi-
dates for primary radical cytoreductive surgery for ovarian cancer.” The
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prospective study was carried out at one institution and included patients
with advanced epithelia ovarian cancer (stage I1I or IV). The study partici-
pants had a mean age of 59 years, had a mean BMI of 32 kg/m? and were
operated on by two staff surgeons over a two-year period. Although 114
patients met the criteria for inclusion, 6 patients were deemed too ill to
undergo surgery regardless of their prealbumin levels. Ultimately, 108
patients underwent primary surgical debulking with optimal cytoreduction.
Of these individuals, 88 had a prealbumin level less than 18 mg/dL and 24
had a level less than 10 mg/dL.

Following the surgeries, the investigators found that postoperative complica-
tions increased with lower prealbumin levels. Postoperative complications
included estimated blood loss greater than 2,000 mL; death within 30 days;
unplanned intensive care unit admission; unplanned readmission to the hospi-
tal; significant vascular, gastrointestinal, or genitourinary injury; and
hospital stay greater than 14 days. All complications occurred in patients
with prealbumin levels of less than 18 mg/dL, and a significantly larger
number of complications occurred in patients with prealbumin levels of less
than 10 mg/dL. All postoperative mortality occurred in patients with preal-
bumin less than 10 mg/dL.

In this study, the patients with a prealbumin level less than 10 mg/dL were
given nutrition support in the form of parenteral nutrition (PN) for greater
than 10 days prior to surgery. After this period of PN, only 50% of the
patients had improved prealbumin levels; the other 13 patients’ prealbumin
level remained less than 10 mg/dL. All 24 patients underwent surgery, and
all 13 of the PN patients whose prealbumin remained less than 10 mg/dL
preoperatively experienced postoperative complications.

Due to the increased risk of postoperative complications, it appears that
patients with extremely poor nutrition status—in this study, characterized by
a prealbumin level of less than 10 mg/dL.—may be better served by neoadju-
vant chemotherapy with interval cytoreductive surgery once their nutritional
status improves. The researchers suggest providing nutrition support to all
patients with a prealbumin level of less than 10 mg/dL prior to surgery in the
form of nutrition supplements, enteral nutrition (EN), or PN.

Nutrition Management During Aggressive Therapy

Malnutrition in gynecological cancer patients is a significant problem, espe-
cially among patients who have been diagnosed with ovarian cancer. Laky
and colleagues used the Patient-Generated Subjective Global Assessment

(PG-SGA) to establish this point. The PG-SGA, which has been previously



m Chapter 9 Reproductive Cancers

validated," is an easy-to-use nutrition assessment tool that allows for quick
identification and prioritization of malnutrition in patients with cancer. It
classifies patients into one of three categories: well nourished, moderately or
suspected of being malnourished, and severely malnourished. The Laky et
al. study included 145 patients with gynecologic cancer, aged 20-91 years.
Using the PG-SGA, 67% of the patients with ovarian cancer were classified
as moderately or suspected of being malnourished, which was higher than
the rate for all other gynecologic cancers combined."

Deterioration in the nutritional status of patients with ovarian cancer has
multifactoral roots. Both the derangements in cytokine levels and the
bowel obstruction associated with an enlarging tumor can lead to cachexia
and malnutrition. Very few agents have proven to have true anticachectic
activity in patients with advanced cancer, although research is now under-
way to identify medications targeted at blocking the activity of cancer-
related catabolic factors.”? Patients with ovarian cancer should undergo
routine nutrition screening and assessment, preferably with a validated
tool such as the PG-SGA, to enable their healthcare providers to detect and
treat nutritional issues.

Providing adequate nutrition by mouth is often challenging in the pres-
ence of advanced disease, gastrointestinal side effects associated with
chemotherapy, or radiation enteritis symptoms. The results of a small study
conducted by Dillon and associates™ could lead to more promising research
in this area, however. Their study included 6 patients with stage I11C ovarian
cancer and a mean age of 47 years. The patients were either undergoing pri-
mary therapy or therapy for recurrence and were classified as cachectic
based on a weight loss of more than 10% of their premorbid weight. All par-
ticipants were on a 21-day chemotherapy cycle and were studied on day 20
of the cycle. Study participants were given a balanced oral amino acid sup-
plement containing 40 g of amino acids and 166 calories. Phenylalanine
concentration in the blood and muscle were analyzed both before and after
consumption of the amino acid supplement. The amino acid supplement led
to increased protein synthesis and a stable protein breakdown. The
researchers concluded that, despite the patients’ advanced cancer, ongoing
therapy, and enhanced inflammatory burden, amino acids were capable of
acutely stimulating muscle protein synthesis.”® Further research, including
studies focusing on important outcomes such as quality of life and survival,
is required to establish the role of an amino acid supplement in this patient
population.

Oral supplementation and nutrient-dense foods are key elements in man-
aging patients with gynecologic cancer who experience weight loss and eat-
ing difficulties. Determining the individual nutrient needs of these patients
is challenging and, unfortunately, not well studied. The only study in this
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area to date was done by Dickerson and colleagues.' It included 61 hospital-
ized patients with biopsy-proven cervical or ovarian carcinoma who were fol-
lowed by the Nutrition Support Service. Resting energy expenditure was
measured by indirect calorimetry and compared to predicted energy expen-
diture as determined by the Harris—Benedict equation for females. Measured
resting energy expenditure varied between 53% and 157% of predicted
energy expenditure. This study demonstrated the Harris—Benedict equation
for females provides an unreliable estimate of caloric expenditure in patients
with cervical or ovarian cancer receiving specialized nutrition support.'
Therefore, it is important to monitor patients’ weight and nutrition status
closely, provide counseling regarding food and supplement selections, and, if
aggressive therapy is desired, provide nutrition support during times of
hypermetabolic stress and prolonged periods of inadequate oral intake.

Nutrition Management in Advanced
Reproductive Cancer

Intestinal obstruction is a well-recognized complication of advanced ovarian
cancer. It significantly affects survival, influences quality of life,’ and
occurs in approximately 45% of patients.® Bowel obstruction may present at
diagnosis or with recurrent disease following anticancer therapy.'® Malignant
bowel obstruction is particularly common and is the most frequent cause of
death in patients with ovarian cancer.' 0

Hospitalization and conservative measures, which include nasogastric
suction, bowel rest, and intravascular fluids, constitute the initial treat-
ment approach for intestinal obstruction.' If this approach fails, surgical
intervention or drainage gastrostomy is considered. More than half of all
patients with ovarian cancer and intestinal obstruction can benefit from a
definitive surgical procedure, a therapeutic approach that is associated
with a low perioperative mortality rate and a mean survival rate of 6.8
months following surgical intervention.'” The decision to offer palliative
surgery must be balanced against the potential morbidity and mortality
and the ability to improve the quality of life for a patient with a limited
life expectancy. Data suggest that patients undergoing repeat surgery for
recurrent bowel obstruction have a low likelihood of achieving successful
palliation and experience significant morbidity, including enterocuta-
neous fistula, wound infection, rapid development of subsequent bowel
obstructions, and limited survival.'

Patients with advanced unresectable disease and/or inoperable bowel
obstruction, as a result of carcinomatosis and intestinal encasement with
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tumor, have a worse prognosis and require palliation with drainage gastros-
tomy, intravenous fluid supplementation, and an oral liquid diet."'"'* Gas-
trostomy tube placement in ovarian carcinoma is technically feasible and
safe in the palliative setting.'” Additionally, it plays an important role in the
treatment of women with obstructive gynecological cancer, allowing for gas-
tric drainage and decompression without the disadvantages of nasogastric
tubes.?® One 7-year retrospective review, which included 94 patients with
ovarian cancer requiring drainage gastrostomy tube placement due to malig-
nant bowel obstruction, demonstrated that gastrostomy drainage tubes, as
compared to nasogastric tube drainage, allowed the majority of patients to
receive end-of-life care either at home or in an inpatient hospice setting.!

Since the early 1970s, studies have supported the use of PN in gyneco-
logic oncology patients during aggressive treatment of gastrointestinal
obstruction due to the morbidities and mortalities associated with preopera-
tive and postoperative malnutrition and overall quality of life.! Nutrition
support is used in the inpatient or home setting, often in conjunction with
gastrostomy drainage tubes. However, research has yielded conflicting data
on the use of PN in patients with nonoperative bowel obstruction. In the
seven-year retrospective review mentioned previously, no survival benefit was
found with the use of PN."” Another study by Abu-Rustum and associates'
demonstrated a median survival of 84 days for all patients post-gastrostomy
drainage tube placement. The median survival for patients with obstructive
ovarian cancer who received salvage chemotherapy and PN was 89 days,
compared to median survival of 71 days for patients who received salvage
chemotherapy alone. The researchers concluded chemotherapy alone is inef-
fective in restoring bowel function in heavily pretreated patients with recur-
rent disease.'” A recent study by Brard and colleagues® concluded that
terminally ill ovarian cancer patients with intestinal obstruction receiving PN
have a median survival benefit of 4 weeks. This survival benefit decreased
when patients were treated with concurrent chemotherapy. The researchers
concluded, contrary to previous research that terminally ill ovarian cancer
patients should not receive PN, a subgroup of patients benefited from PN
and found it life-sustaining.'?

Issues of cost, quality of life, and human values need to be investigated to
assess the full impact of PN in this patient population, especially given the
variable outcomes described in the literature.’® The value of PN in patients
with advanced- or end-stage ovarian cancer remains debatable.’ " Con-
versely, PN may be justified for selected patients® and should be carefully
considered by the medical team and the patient.

One study, which was conducted prior to the establishment of palliative care
programs, suggested that care given to ovarian cancer patients at the end of life
might be inadequate.? In more recent times, the combination of gastrostomy
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drainage tubes, PN use, and palliative care programs has enabled many
patients to meet their end-of-life wishes. In particular, home PN and gastros-
tomy drainage tubes often give patients freedom from the hospital setting. A
study of home PN in patients with malignant bowel obstruction demonstrated
a low complication rate and found PN was usually perceived by patients and
care providers as beneficial. In this study, home PN was found to have pallia-
tive benefits and to facilitate compassionate home care for carefully selected
patients with malignant bowel obstruction.? Nutrition intervention and care
of patients with reproductive cancers must include an individualized
approach, taking into account patient and family end-of-life wishes.

SUMMARY

Limited data are available to guide nutrition management during the treat-
ment of reproductive cancers. Research suggests that most of these patients
are in a hypermetabolic state and, therefore, are at risk for becoming mal-

nourished. Assessment and intervention tools, including aggressive initiation
of oral diet postoperatively, monitoring of prealbumin levels, use of high-pro-
tein oral supplements, employing gastrostomy drainage tubes, and initiation
of nutrition support as needed should be implemented to prevent and treat
nutritional issues. The use of PN in the palliative care process is controver-
sial, and the patient’s end-of-life goals must be considered when deciding
whether to pursue this option.
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Chapter 10

Prostate Cancer

Natalie Ledesma, MS, RD, CSO

INTRODUCTION

Prostate cancer is the most commonly diagnosed malignancy in men in West-
ern countries.! Nearly 219,000 men were expected to be diagnosed with
prostate cancer in 2007 in the United States. By race, incidence rates are
much higher in African American men than in Caucasian men. Cancer death
rates due to prostate cancer have been declining since 1990. In 2007,
27,000 men were expected to die from prostate cancer.

The cause of prostate cancer is unknown, but the hormone androgen, act-

ing via the androgen receptor, appears to spur the development of prostate
cancer.? Researchers are also devoting considerable effort to identifying the
genetic role in prostate cancer incidence.

Established risk factors for prostate cancer include age, race, nationality,
family history, and diet.? Other potential risk factors include obesity, physi-
cal activity, infection and inflammation of the prostate, and vasectomy. The
risk of prostate cancer increases considerably after the age of 50. It is esti-
mated that nearly 2 of 3 prostate cancer patients are older than age 65.
While diet has been implicated as a reason for the variations in prostate can-
cer rates observed worldwide, epidemiologists have determined that men in
Western countries, including North America, northwestern Europe, Aus-
tralia, and the Caribbean Islands, have a higher rate of prostate cancer. The
disease is less common in Asia, South America, Central America, and
Africa. Finally, there appears to be an inherited or genetic component that
increases the risk of prostate cancer: The risk of prostate cancer is more than
doubled for a man who has a father or brother with prostate cancer.

Since 1996, the 5-year survival rate for prostate cancer (for men with local
or regional stages) has remained an impressive 100% in white men and 98%
in African American men.' The survival rate continues to stay high with
time: The 10-year and 15-year survival rates are 93% and 77%, respectively.
While only 5% of men are diagnosed with metastatic (i.e., distant-stage) dis-
ease, the 5-year survival rate for these men is 33%.
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Medical Treatment

Treatment of prostate cancer depends on a variety of factors, including
the patient’s age, cancer stage, and any other medical conditions. Surgery,
external-beam radiation therapy (EBRT), and active surveillance are strate-
gies that are typically used for men with early-stage prostate cancer. Some
men may also receive hormone therapy. Aggressive surveillance, formerly
called “watchful waiting,” may be appropriate for older men or for men with
less aggressive tumors, as determined by cell type.

Healthy men with localized disease and no lymphatic involvement are good
candidates for surgery to remove the prostate cancer cells.* The goal of radiation
therapy is to kill the cancer cells where they reside. Current techniques include
EBRT, three-dimensional conformal radiation therapy, intensity-modulated
radiation therapy, and radioactive seed implants, or brachytherapy. Radiation
therapy may also be indicated for advanced disease, including palliative ther-
apy. For men with metastatic disease, chemotherapy, radiation, hormone
therapy, or a combination of these methods may be used.

Most patients complete their prostate cancer treatment with limited
impact. The most common side effects of prostate cancer therapies include
urinary, bowel, and erectile dysfunction, as well as infertility’ (Table 10.1).
Improved surgical techniques have decreased the side effect of urinary
incontinence. The predominant nutrition-related issue in prostate cancer

Table 10.1  Treatment Side Effects in Prostate Cancer

Treatment Side Effect

Surgery e Urinary dysfunction
e Erectile dysfunction—less with nerve-sparing surgery
e Infertility

Radiation ¢ Urinary dysfunction—less with IMRT, worse with brachytherapy
initially
e Erectile dysfunction
¢ Bowel dysfunction—worse with EBRT, less with IMRT and
brachytherapy
e Infertility

Hormone therapy e Hot flashes
¢ Loss of bone mineral density (osteoporosis)
e Weight gain

EBRT = external-beam radiation therapy.
IMRT = intensity-modulated radiation therapy.



Nutrition Issues

treatment is diarrhea when patients are undergoing radiation therapy; this
side effect is primarily observed with full pelvic radiation therapy.

Nearly all men will experience some sort of erectile dysfunction for the
first year following treatment. However, nerve-sparing surgery can substan-
tially decrease the risk that significant dysfunction will continue. Current
surgical techniques estimate that sexual potency will fully return by 1 year
following surgery in 50% of men who undergo a radical prostatectomy. At
2 years, sexual function increases to 75%. Although fewer effects on sexual
function are apparent immediately following radiation therapy, the improve-
ment in sexual function in the 2 years after this kind of treatment is minimal.
Only 25% and 50% of men who have brachytherapy and EBRT, respectively,
experience erectile dysfunction.

Both surgery and radiation therapy will, unfortunately, likely result in
infertility. Men who wish to father children after surgery or radiation therapy
are advised to use sperm banking. Additionally, patients on hormone therapy
may face other challenges, including hot flashes, loss of bone mass, and
oftentimes weight gain. Researchers have recently established that loss of
bone mineral density (BMD) and related fractures are significantly associ-
ated with hormone therapy or androgen deprivation therapy (ADT).* Continu-
ous ADT further increases the risk of osteoporosis.’

Nutrition Issues

Research suggests that differences in diet and lifestyle may largely account
for the variability of prostate cancer rates observed in different countries.®
Following a healthy diet may reduce the incidence of prostate cancer and the
risk of prostate cancer progression. It is estimated that more than one-third of
cancer deaths in the United States can be attributed to diet in adulthood.’

Many studies indicate that a plant-based diet may help lower the risk of
developing prostate cancer and may beneficially affect the progression of the
disease. In preliminary results in one study, dietary and lifestyle changes led
to a 4% decrease in prostate-specific antigen (PSA), a protein marker for
prostate cancer growth, and significantly decreased prostate cancer cell
growth.’® PSA levels increased 6% in the control group. Another study
assessing the recurrence of prostate cancer reported that a plant-based diet,
in combination with stress reduction, may significantly slow disease progres-
sion." PSA doubling time—the value monitored to assess for prostate cancer
recurrence—increased from 11.9 months (prestudy) to 112.3 months (inter-
vention). Additionally, individuals who made comprehensive lifestyle
changes had an improved quality of life.?
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Fruits and Vegetables

Fruits and vegetables are great dietary sources of vitamins, minerals, fiber,
and cancer-fighting phytonutrients. Extensive research indicates that diets
rich in fruits and vegetables are associated with a lower risk of many can-
cers!™'; evidence specific to prostate cancer is inconsistent, but appears
promising.’®° In a study of men who were followed via active surveillance,
the risk of prostate cancer was reduced significantly in men who consumed
2-3 kg (50% lower risk) and more than 3 kg (60% lower risk) of fruits and
vegetables per week compared with men who consumed less than 2 kg per
week.”? In many of the studies reporting no significant effect between fruits
and vegetables and prostate cancer, men may not have consumed adequate
amounts of these foods to lower their risk.

Furthermore, some evidence suggests that certain components in fruits
and vegetables, such as phytonutrients, may have a particularly strong anti-
cancer effect. A key indicator of phytonutrient content is the vibrant, intense
color of many fruits and vegetables. For example, the benefits of fruits and
vegetables in regard to cancer protection may be related to high amounts of
carotenoids (a family of phytonutrients) in certain fruits and vegetables.'™?
In particular, lycopene appears to exert protective effects against prostate
cancer. Higher plasma lycopene levels are generally associated with lower

1925 and/or advanced prostate cancer.?* One possible

risk of prostate cancer
explanation for this relationship is the inverse association between the con-
sumption of cooked tomato products, the richest source of lycopene, and
insulin-like growth factor (IGF-1), a peptide hormone that has been implicated
in the risk of various cancers, including prostate cancer.”® In Western coun-
tries, tomato-based products typically account for 85% of dietary lycopene.*
As with many nutrients and phytonutrients, it is best to obtain lycopene from
foods—tomatoes contain other compounds that have beneficial properties.?
In one study, higher tomato sauce intake resulted in a clear statistically sig-
nificant inverse association with overall incident prostate cancer.? Addition-
ally, lycopene-rich foods are best absorbed in the presence of fat, such as a
small amount of olive oil.*

A growing body of evidence suggests that cruciferous vegetables and their
phytonutrients are associated with a reduced risk of prostate cancer'™*-*! and
risk of aggressive prostate cancer.’? The anticancer properties of cruciferous
vegetables may be attributable to indole-3-carbinol (I3C), its metabolite
diindolylmethane (DIM), and/or isothiocyanates. I3C consistently inhibits
prostate tumor growth in vitro and in vivo® and induces apoptosis in prostate
cancer cells.* DIM may reduce the risk of prostate cancer recurrence.?” Sul-
foraphane® (one of the isothiocyanates), 13C, and DIM may also function by
upregulating phase Il detoxifying enzymes, thereby suggesting another
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explanation for the anticancer effects of cruciferous vegetables.” Cruciferous
vegetables include arugula, broccoli, bok choy, Brussels sprouts, cabbage,
cauliflower, collard greens, horseradish, kale, kohlrabi, mustard greens,
radishes, rutabagas, turnips, and watercress.

When these various food components are combined, they likely act synergis-
tically. One study illustrating this effect found a significantly reduced rate
of tumor growth when rats were fed a diet rich in tomatoes and/or broccoli. The
tumors decreased 349% in rats fed a tomato-rich diet, 42% in rats fed a broccoli-
rich diet, and 52% in rats fed a diet rich in both tomatoes and broccoli.*

In the fruit category, research suggests that components in pomegranates
exhibit strong anti-inflammatory and antioxidant effects.* Preliminary stud-
ies have found that pomegranate and its components inhibit tumor growth,
decrease PSA levels, induce apoptosis,*® and inhibit angiogenesis.”
Patients with prostate cancer significantly increased their PSA doubling time
(mean of 54 months compared to 15 months) by consuming 8 ounces of
pomegranate juice daily.*

While research is inconclusive, a minimum of 8-10 servings of fruit and
vegetables per day may be necessary to provide the greatest protection against
cancer." See Table 10.2 for fruit and vegetable recommendations.

Table 10.2  Food/Nutrient Recommendations for Protection Against
Prostate Cancer

Food or Nutrient Summary Recommendation

Fruits and One serving = 8-10 total servings daily

vegetables e % cup fruit or vegetable ® 5 or more vegetable servings
e 1 cup raw leafy greens o 3 fruit servings

e Vi cup dried fruit or vegetable ¢ 12 o0z tomato-based juice
® 6 oz fruit or vegetable juice

Eat 1 cup or more vegetables

with lunch and dinner.

Fiber ¢ Choose breads with 3 g (or 30-45 g daily
more) fiber per slice. e This goal can be achieved by
¢ The first ingredient on the label meeting your fruit and
should be whole or sprouted vegetable goal plus 1 serving
grain flour, not white flour, of legumes or at least
unbleached white flour, or 2 servings of whole grains.

enriched wheat flour.

e Whole grains include, among
others, oats, barley, brown rice,
quinoa, amaranth, bulgur, millet,
buckwheat, spelt, wild rice, and

teff.

(continues)
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Table 10.2  Food/Nutrient Recommendations for Protection Against

Prostate Cancer, Continued

Food or Nutrient Summary Recommendation

Refined Dietary sources include Limit or avoid consumption of
carbohydrates products made with refined refined carbohydrates and sugars.
and sugars flours (examples: white bread,

white rice, white pasta); or
refined grains, alcohol, and
sweets, such as candy, cookies,
cakes, and pastries.

Meat Dietary sources include beef, ® Reduce meat consumption.
pork, and lamb. e Avoid grilled or fried meats.
Dairy Dietary sources include milk, Reduce dairy consumption.
butter, yogurt, cheese, and ice
yog
cream.
Soy Dietary sources include 1 or more servings daily

soybeans, edamame, tofu,
soymilk, tempeh, miso, and
soy nuts.

Green tea e Green tea contains does 1-4 cups daily
contain caffeine, albeit much
less than coffee or black tea.
e If opting for decaffeinated
green tea, choose naturally
decaffeinated teas with water,
as the typical caffeine extraction
results in a significant loss of

phytonutrients.
Saturated fat Dietary sources include meats, Reduce consumption of meat and
baked goods, and whole-milk dairy products.

dairy products, including
butter, cheese, and ice cream.

Trans-fatty acids  Dietary sources include Avoid trans-fats.
margarine, fried foods,
commercially made peanut
butter, salad dressings; and
processed foods, including
breads, crackers, cereals,
and cookies.

Omega-6 fatty ¢ Dietary sources of arachidonic ~ ® Reduce consumption of meat
acids acid include meats, butter, and dairy products.
egg yolks, whole milk, and e Limit consumption of linoleic
whole-milk dairy products. acid-rich oils.

¢ Dietary sources of linoleic
acid include common vegetable
oils, such as corn oil, safflower
oil, sunflower oil; and
cottonseed oil; and processed
foods made with these oils.
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Table 10.2  Food/Nutrient Recommendations for Protection Against
Prostate Cancer, Continued

Food or Nutrient Summary

Recommendation

Omega-3 fatty
acids

¢ Dietary sources of EPA and
DHA include cold-water fish
(examples: salmon, sardines,
black cod, trout, herring).

* Dietary sources of ALA include
flaxseeds, chia seeds, walnuts,
hempseeds, and pumpkin
seeds.

¢ Flaxseeds can have a laxative-
like effect; thus it is wise to
gradually increase consumption,
aiming to achieve 2 thsp
ground flax daily.

Include these healthy fats daily
through diet and/or supplements.

Omega-9 fatty
acids

Dietary sources include extra-
virgin olive oil, canola oil,
macadamia nut oil, almonds,
and avocados.

Include these healthy fats daily.

water fish, eggs, and fortified
products, such as milk, soy
milk, and cereals.

¢ Generally, our dietary intake
is not adequate to meet the
normal daily requirements.
More often, vitamin D is
generated through skin
synthesis of sunlight
(ultraviolet rays).

Selenium ¢ Dietary sources include Brazil 200 mcg selenium daily through
nuts, seafood, enriched diet and/or supplements
brewer’s yeast, and grains.

¢ Two Brazil nuts provide
200 mcg selenium.

Vitamin E Dietary sources include Although more research is
vegetable oils, wheat germ, necessary, studies to date suggest
sweet potatoes, nuts, seeds, that men at risk or with prostate
and avocados. cancer should take 50-200 IU

alpha-tocopherol with 400 mg
gamma-tocopherol.

Calcium Dietary sources include dairy ¢ 1,000-1,200 mg daily
products, beans, leafy greens, e Avoid 2 2000 mg per day.
and fortified products, such as
soy milk, cereal, and orange
Jjuice.

Vitamin D  Dietary sources include cold-  * 400-2,000 IU daily

e Maintain serum
25(0H)-vitamin D > 35 ng/mL.
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Dietary Fiber

A plant-based diet is naturally high in fiber. A diet rich in natural fiber
obtained from fruits, vegetables, legumes, and whole grains may reduce the
risk and/or progression of prostate cancer. Dietary fiber intake and the con-
sumption of cereals, nuts, and seeds have been inversely associated with
prostate cancer'>* and prostate cancer mortality.* Fiber binds to toxic com-
pounds and carcinogens, which are then later eliminated from the body.*

Various mechanisms have been proposed to explain the protective effects
of dietary fiber against prostate cancer. These hypotheses include: increased
fecal bulk and decreased intestinal transit time, which allow less opportunity
for mutagens to interact with the intestinal epithelium?; fiber binding to bile
acids, which are thought to promote cell proliferation'’; fermentation in the
gut, producing short-chain fatty acids, which improves the gut environment>*;
and the antioxidants in whole grains, which have been linked to disease pre-
vention."” Moreover, a high-fiber diet decreases circulating hormone levels
that may promote prostate cancer and/or its progression.” * Refer to Table
10.2 for dietary fiber recommendations.

Refined Carbohydrates and Sugar

Refined carbohydrates and high-sugar foods are generally low in both nutri-
ent value and dietary fiber. Evidence suggests that refined cereals (primarily
breads and pasta)*® and desserts' have been associated with prostate cancer.
Additionally, these foods appear to increase serum insulin and serum IGF-1
levels, which lead to the development and promotion of cancer.** IGF-1 may
speed tumor development by inhibiting apoptosis, enhancing cell prolifera-
tion, promoting synthesis of sex steroids, and inhibiting the synthesis of sex
hormone-binding globulin (SHBG).* In a recent study, consumption of a diet
high in refined carbohydrates led to hyperinsulinemia and increased tumor
growth.” Another study established that mice fed a no-carbohydrate keto-
genic diet (84% fat, 0% carbohydrate, 16% protein kcal) had decreased
insulin and IGF-1 levels and smaller tumors compared with mice fed either a
low-fat diet (12% fat, 72% carbohydrate, 16% protein kcal) or a Western diet
(40% fat, 44% carbohydrate, 16% protein kcal).” See Table 10.2 for refined

carbohydrate/sugar sources and recommendations.

Meat

Many studies have suggested an association between meat intake and prostate
cancer, and there exist plausible mechanisms to explain why the two may be
related. The benefits of phytonutrients were noted earlier in this chapter, but



Nutrition Issues m

animal products contain none of these nutrients. One of the original theories
linking meat to prostate cancer focused on fat content and, in particular, the
larger amount of saturated fat found in meat. Strong correlations have been
observed in which meat-based dietary fat has been linked with prostate cancer
mortality.* Additionally, consumption of animal protein increases IGF-1 levels.”

More recent theories have examined the relationship between genotoxins,
such as heterocyclic amines (HCAs) and polycyclic aromatic hydrocarbons
(PAHs), and the risk of prostate cancer.”® These carcinogenic compounds
form when meat is cooked at high temperatures by dry-heat methods, includ-
ing frying, grilling, broiling, and barbecuing. Intake of well-done or very-
well-done meat increased the risk of prostate cancer by 26% and nearly
doubled the risk of advanced prostate cancer when the highest tertile was
compared with the lowest, although no association was observed between
meat type and cancer risk.” HCAs, and specifically PhIP (2-amino-1-
methyl-6-phenylimidazo(4,5-b)pyridine), appear to significantly elevate PSA
levels.! Additionally, consumption of even one cooked meat meal can result
in PhIP activating estrogen receptor-mediated signaling pathways, which in
turn increases prostate cancer risk.? See Table 10.2 for meat sources and
recommendations regarding meat consumption.

Dairy Products

Various studies suggest a relationship between dairy foods and prostate can-
cer. In one study, men who consumed 21 dairy servings weekly, compared
with those who consumed 5 or fewer servings weekly, more than doubled
their risk of prostate cancer.” Dietary calcium and total milk intake, particu-
larly low-fat milk, significantly increased the men’s risk of prostate cancer.
In a prospective study, greater intake of dairy products (more than 2.75 serv-
ings versus 0.98 or fewer servings of total dairy per day), and particularly
low-fat dairy products, was weakly associated with increased risk of prostate
cancer.® Similarly, consumption of low-fat and nonfat milk was related to an
increased risk of prostate cancer; this relationship was strongest for men with
localized or low-grade tumors.*

Interestingly, whole milk was associated with a decreased risk of prostate
cancer. A recent cohort study reported that skim milk, but not other dairy
foods, was associated with increased risk of advanced prostate cancer (two or
more servings versus zero servings per day).* Of note, low-fat dairy products
often contain slightly higher calcium content than whole-milk dairy prod-
ucts. The association between dairy foods and prostate cancer may be related
to the calcium content and/or the animal fats in dairy.% Additionally, milk
and dairy products appear to increase IGF-1 levels.® See Table 10.2 for dairy
sources and recommendations.
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Soy

Soy and its components are dietary factors that may play a role in the lower
rates of prostate cancer observed in Asian countries. A Japanese case-control
study found that men who consumed the largest amounts of dietary soy
isoflavones (= 89.9 mg/day) compared with men who consumed the small
amounts of these substances (< 30.5 mg/day) reduced their risk of prostate
cancer by 58%.7 This finding was further supported by a meta-analysis, which
reported an inverse association between soy foods and prostate cancer risk.™

Several plausible mechanisms may explain soy’s anticancer benefits,
most of which have some hormonal relationship: decreased blood androgen
levels, increased SHBG, inhibited 5-alpha reductase, and/or a favorable
effect on estrogen metabolism.”>™ Additionally, although research findings
are not consistent on this point, a review noted that PSA values in patients
with prostate cancer decreased significantly with greater consumption of
soy isoflavones in four of eight trials.” See Table 10.2 for soy sources and
recommendations.

Green Tea

Green tea is rich in the phytonutrients known as polyphenols (flavonoids),

™ and ani-

which exhibit several anticancer properties.” Laboratory studies™
mal studies® indicate that green tea catechins may inhibit tumor growth and
induce apoptosis. Nonetheless, the Ohsaki Cohort study reported no associa-
tion between green tea and the risk of prostate cancer.®

Of great interest, however, is green tea’s ability to either blunt or enhance
other components’ effects. Green tea catechins inhibit carcinogenesis when
combined with HCAs, thereby lessening the latter substances’ detrimental
effects.” The combination of soy and green tea synergistically inhibits tumor
weight and metastasis and significantly reduces plasma concentrations of
both testosterone and dihydrotestosterone.® Moreover, a synergistic effect
has been observed between green tea consumption and dietary lycopene.*
See Table 10.2 for green tea recommendations.

Dietary Fat

Dietary fat has been implicated as a risk factor for prostate cancer. A com-
prehensive review reported that 20 of 30 studies found positive—albeit not
all statistically significant—associations between dietary fat and risk of
prostate cancer.® Prostate cancer mortality has also been associated with
dietary fat. Strong correlations were noted for meat, added fats and oils, ice
cream, margarine, salad/cooking oil, and vegetable shortening.
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Most researchers agree that the dietary goal should be to consume approx-
imately 20% of total calories in the form of fat.* Ultimately, however, the type
of fat may be of greater significance than the total amount of fat.

Saturated Fat

Saturated fats from meat and dairy products have been identified as risk fac-
tors for prostate cancer®* and metastatic prostate cancer.”* See Table 10.2
for saturated fat sources and recommendations.

Trans-Fat

Trans-fats, like those found in hydrogenated oils, have been connected with
prostate cancer.”* A recent prospective study reported that men with the
highest plasma trans-fats level had a 116% increase in nonaggressive
prostate tumors; no association was observed with aggressive prostate
tumors.” See Table 10.2 for trans-fat sources and recommendations.

Essential Fatty Acids: Omega-6 and Omega-3 Fatty Acids

Current research suggests that levels of essential fatty acids and the balance
between them may play a critical role in the prevention and treatment of can-
cer, including prostate cancer.”” The optimal ratio appears to be a 1:1 to 4:1
ratio of omega-6 (€2-6) to omega-3 (2-3) fatty acids.

Although not all studies have observed an association between prostate
cancer and Q-6 fatty acids (e.g., linoleic acid, which can be converted to
arachidonic acid), a high intake of Q-6 fatty acids may increase tumor
growth.”® Furthermore, studies are now linking the effects of Q-6 fatty
acids in the diet to stimulation of growth-related genes.” ™ See Table 10.2
for Q-6 fatty acid sources and recommendations.

In contrast to other types of fats, Q-3 fatty acids [e.g., alpha-linolenic acid
(ALA), eicosapentaenoic acid (EPA), and docosahexanaenoic acid (DHA)| may
actually reduce the risk of prostate cancer and its progression.'> =1 These
fats are also known to strengthen the immune system and to have anti-inflam-
matory effects. Mechanisms underlying -3 fats’ protective effects may poten-
tially focus on their ability to induce apoptosis, suppress cancer cell initiation,
compete with arachidonic acid, and modify gene expression. In one study, men
who consumed fatty fish rich in Q-3 fats once or more per week, compared to
men who never consumed fish, reduced their risk of prostate cancer by 43%.""'
The researchers also observed that this effect was modified by a variation in the
COX-2 gene. An older study reported that men who consumed fish two or
more times per week reduced their risk of prostate cancer progression.'” See
Table 10.2 for Q-3 fatty acid sources and recommendations.
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Fish and plant-based foods contain different types of -3 fatty acids. Fish
contain EPA and DHA, two specific fatty acids that have shown the most
promising anticancer effects.’® In contrast, plant-based foods contain Q-3
fatty acids in the form of ALA. In an ideal environment, ALA is converted to
EPA and DHA, although this process is notably inefficient.!” ' However,
the conversion process is enhanced with a diet low in saturated fats and a
more balanced Q-6/Q-3 fat ratio.'*®

The purported association between ALA and prostate cancer is contro-
versial because study results on this subject are mixed. Note, however, that
the primary sources of ALA in these studies were red meat, milk, butter,
mayonnaise, and margarine.” ' % Results from studies assessing the
effects of flaxseed—the richest plant source of Q-3 fatty acids—on prostate
cancer risk appear much more promising.'® ! The beneficial effects of flax
may be due to its high concentration of lignans; these substances are known
to lower circulating levels of testosterone.!” 2 In one study, patients with
prostate cancer who consumed 30 g flax daily (2V4 tablespoons) and a diet
containing 20% of total calories from fat reduced their rate of tumor
growth.'” Ground flaxseeds are preferred for their greater bioavailability
relative to whole seeds and for their greater lignan content relative to
flaxseed oil.

Other fats, all derived from plant sources, that appear to be neutral'> 115114
or possibly protective "¢ against prostate cancer are the Q-9 fatty acids,
also known as monounsaturated fats. See Table 10.2 for Q-9 fatty acid sources
and recommendations.

Selenium

Selenium, an antioxidant, appears to inhibit cellular changes that may lead
to prostate cancer,"'” hinder angiogenesis,"” and induce apoptosis.'?
Research has consistently observed an inverse association between selenium
and prostate cancer risk,"*'? although no statistically significant association
was observed in the Vitamins and Lifestyle (VITAL) study.'”® The VITAL
study was specifically designed to examine whether supplemental vitamin E
and selenium might alter future cancer risk. In this prospective, cohort study
involving 35,242 men, no association was found between selenium supple-
mentation and prostate cancer risk (HR = 0.90; 95% CI = 0.62-1.3 for 10-
year average intake of more than 50 mcg/day versus non-use; p for trend =
0.97). It is possible that consumption of 50 mcg/day may not be enough to
demonstrate an effect; thus, in future studies, it may be beneficial to com-
pare supplementation with 200 meg/day to 0-50 mcg/day.

Another study found low plasma selenium levels to be associated with a

fourfold to fivefold increased risk of prostate cancer.'” Other research has
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shown a 63% reduction in prostate cancer recurrence in men taking sele-

nium supplements.'’

Vitamin E

Although the research is mixed, studies continue to show vitamin E may
have promise in lowering the risk of prostate cancer and/or advanced
disease. In a recent meta-analysis of randomized controlled trials, vita-
min E was associated with a significant reduction in the incidence of
prostate cancer.’? While no statistically significant effect was observed
between supplemental vitamin E (greater than or equal to 400 IU/day ver-
sus no supplementation) and prostate cancer risk, risk for advanced
prostate cancer decreased significantly with greater intake of supplemen-
tal vitamin E."” Furthermore, higher serum alpha-tocopherol, a type of
vitamin E, was associated with reduced risk of prostate cancer'? " and
advanced disease.'”’

The optimal type of vitamin E is also being debated. Although the majority
of vitamin E studies have used a synthetic form (dl-alpha-tocopherol),
research indicates that the natural forms of vitamin E (gamma-tocopherol
and d-alpha-tocopherol) have greater bioavailability.’?® ' Large doses of
alpha-tocopherol suppress levels of gamma-tocopherol,® ' and gamma-
tocopherol may offer greater protection against prostate cancer.’® 3213 In a
recent prospective trial, despite the lack of effect demonstrated for supple-
mental vitamin E in terms of prostate cancer risk, dietary gamma-tocopherol
was significantly inversely related to the risk of advanced prostate cancer.'®
A supplement containing mixed tocopherols (d-alpha, gamma, beta) and
tocotrienols may offer more protection than a supplement containing only
alpha-tocopherol.’®> Additionally, vitamin E succinate has been shown to
inhibit prostate cancer growth.'*

Calcium

Calcium has been implicated in increasing the risk of prostate cancer. A
recent large, prospective trial observed that a higher dietary intake of cal-
cium (more than 2,000 mg/day versus less than 1,000 mg/day) was associ-
ated with an increased risk for nonaggressive prostate cancer, though higher
supplementary calcium intake did not appear to be related to this risk.* No
relationship was observed between calcium intake and aggressive disease. A
meta-analysis also supported the association between high intake of calcium
and risk of prostate cancer.”” Men who consumed 1,329-2,250 mg calcium/
day had a 39% greater risk of prostate cancer compared to men who con-
sumed 228-802 mg calcium/day.



m Chapter 10 Prostate Cancer

Conversely, total and supplemental calcium consumption were weakly
associated with advanced (= 2,000 mg/day versus 500-750 mg/day) and fatal
(= 1,000 mg/day versus 500-750 mg/day) prostate cancer, though neither
factor was found to be related to nonaggressive prostate cancer.®® Whereas
calcium from skim milk increased the risk of prostate cancer, nondairy cal-
cium sources (= 600 mg/day versus < 250 mg/day) were associated with a
lower risk of nonaggressive prostate cancer. Similarly, consuming 1,500
mg/day or more of calcium increased the risk of advanced and fatal prostate
cancer.”® Moreover, high calcium intake significantly increased the risk for
fatal, but not incident, prostate cancer.® Results from this line of research
are not entirely consistent, however, as some research shows no association
between calcium and prostate cancer.”

Vitamin D

Although not all studies agree,® vitamin D appears to offer at least some pro-
tection against prostate cancer.’'*! Epidemiological studies indicate that
sunlight exposure—which is a significant source of vitamin D—has an
inverse relationship with prostate cancer mortality and that prostate cancer
risk is greater in men with lower levels of vitamin D."*'* Increasing serum
25(0OH)-vitamin D levels by 25 nmol/L was associated with a 17% reduction
in total cancer incidence and a 29% decrease in total cancer mortality.'*

Vitamin D absorption declines with age, and vitamin D deficiency is not
uncommon among older adults.'*>* Men with, and at risk for, prostate cancer—
especially those on hormone therapy—may benefit from a serum 25(0OH)-
vitamin D test. Optimal serum 25(0OH)-vitamin D levels have not been
established, although research suggests a level in the range of 90-100
nmol/L (3640 ng/mL) may be ideal .

Body Weight and Physical Activity

Recent studies have consistently found that overweight and obesity are asso-
ciated with progressive prostate cancer disease and increased overall mortal-
ity.” Research suggests that obesity is associated with a decline in the risk
of nonaggressive disease and increased risk of aggressive prostate cancer.'”
A recent cohort study reported higher body mass index (BMI) was signifi-
cantly associated with higher plasma volume and lower PSA concentra-
tions.” Hemodilution may explain the lower serum PSA concentrations
found among obese men with prostate cancer. Thus it may be that obese men
are not being diagnosed as early as normal-weight men. In another study,
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men who maintained a healthy body weight were less likely to have a recur-
153 whereas obese men had a 30% increased risk of
cancer recurrence compared with those with lower body weights. Very obese
men (BMI > 35) had a definitely heightened risk of recurrence, with this risk
increasing by 69%.

A prospective study suggested that men who engage in the largest amounts
of exercise reduce their risk of advanced prostate cancer by 36% compared
to the non-exercisers'™; their risk of fatal prostate cancer appears to be
reduced by 33%. This finding was further supported by results from a
recent study showing that vigorous physical activity is associated with a
lower risk of dying from prostate cancer.? While there are many benefits of
physical activity, research indicates exercise training alters IGF-1 levels,
thereby lowering the individual’s risk of prostate cancer.'™ '* Furthermore,
evidence affirms that individualized exercise programs are effective means

rence of prostate cancer,

of enhancing muscular function and improving the quality of life of cancer
survivors.’” Healthy weight control is encouraged through consumption of a
healthful plant-based diet and regular exercise to maintain or increase lean
muscle mass.

SUMMARY

Surgical and radiation techniques for prostate cancer continue to advance at a
rapid pace. With more men using hormone therapy, the long-term side effects
of this type of treatment need to be managed effectively in more patients. The
loss of bone mineral density and related fractures are real risks for which
patients should be monitored for both prevention and management purposes.

Emphasis on the role played by nutrition in prostate cancer will likely
continue to grow, as has clearly been the case in recent years. Research has
begun to examine the effect of diet on gene expression, and the field of
nutrigenomics will grow exponentially in the upcoming years. Diet and
lifestyle modifications are strongly encouraged to prevent and/or possibly
inhibit the disease. Patients” use of complementary therapies and dietary

supplements should be included in a comprehensive nutrition assessment
and discussed with the healthcare team. As with all cancers, management of
survivorship issues and optimization of quality of life are essential concerns.
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