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Preface

We have authored a textbook on cancer that is unique in its coverage in
a number of respects. This book stands out from others because it is
written for both nonscience and science majors. The coverage spans the
spectrum from the molecular, cellular, and genetic through to the applied
aspects of the disease. The book has been structured so that it will be an
appropriate text for use by an instructor regardless of the depth to which
he/she desires to cover any of the material. The amount of material is
manageable within a single semester, and individual chapters can be
excerpted for study on each of the major cancers.

We believe this book is appropriate for cancer courses offered to either
science or nonscience majors at any level. A target audience with such
a variant science background is accommodated by a series of introductory
chapters that provide the molecular, cellular, and genetic information
needed to comprehend the material of the subsequent chapters. A reader
without a science background could study the chapter on breast cancer
and learn the risk factors, symptoms, diagnostic testing, and treatment
methods without being overwhelmed. If after reading about the risks
associated with the BRCAI and 2 genes, a student wants a better under-
standing of what a gene is, he or she could then refer back to the appro-
priate section of one of the introductory chapters. This cross-referencing
ability is what we feel is the basis for the success of the text from the
perspectives of both student and instructor. The introductory chapters can
be used by lower or upper class science majors to review foundational
information.

The chapters of the book are grouped into two sections. The first seven
chapters contain introductory information that will be most helpful to
the nonscientist while serving as a review for the scientist in training.
The second section contains nine chapters, each focusing on a specific form
of cancer in areas such as risk factors, diagnostic and treatment methods,
and relevant current research. Each of the chapters includes review
questions as marginal insertions at points through the text, key words/terms
in bold in the text, boxed articles highlighting stories of an individual’s
experience, and complex questions in the section “Expand your knowledge”
for the student to answer with some additional reading.



X

PREFACE

We have taught an undergraduate biology of cancer course open to all
majors since the fall of 2005. The organization of the book reflects the
format that we have used successfully when teaching the course. Since
this text is intended for use in either a nonscience or science course, it
addresses a wide range of issues associated with cancer. Depending on each
course design, it could be either an elective or satisty a requirement within
a general education program or a natural science or allied health major.
One of the major strengths of the book is that it can be used in any level
undergraduate course. There are no specific prerequisites assumed; the
information in the introductory chapters is sufficient to bring the non-
scientist to the level needed to read and understand the later chapters.
The ultimate intent of the book is to have appeal to students who are
either at the beginning or intermediate stages of scientific inquiry into
the study of cancer.



Acknowledgments

We would like to thank the many editors from Blackwell and John Wiley
and Sons that have worked with us during the development of the text
for their thoughtful and creative contributions: Nancy Whilton, Elizabeth
Frank, Humbert Haze, Steve Weaver, Karen Chambers, Kelvin Matthews,
and Pat Croucher. We are appreciative of the talents of Ali McNeill, the
illustrator of many of the text’s figures. A special thanks is extended to
Sandy Parker for her enthusiastic Blackwell introduction. We are indebted
to those who critically read and provided valuable feedback on draft
chapters: anonymous faculty reviewers; our colleagues, Greg Maniero,
Jane De Luca, David Gilmore, Lucy Dillon, and Brenda Sweeney; and
our students, Jacqueline Tenaglia, Kristen McCarthy, Lauren Bennett,
Samantha April, and Tyler Herbert. We are so appreciative of the valu-
able assistance provided by our administrative assistant Romelle Berry.
Two additional students are due a tremendous thank you: Melissa Martin
for her thoughtful insight and superior editorial skills, and Sarah Wilson
for her creative draft illustrations. It is quite likely that our fellow faculty
and administrators at Stonehill College are unaware of how truly grateful
we are for their constant encouragement and generous support through-
out the development and writing of this book.

A special appreciation goes to all of the students who have taken our
biology of cancer course, for their subtle and unknowing influences can
be found in the organization, content and pedagogy of this book.



Contents

Preface
Acknowledgements

1 The basics of cancer
Cancer is a complex entity
Cancer through the ages
Modern day cancer research and treatment
Prevalence and mortality varies with each cancer
Risk factors have been identified
Will cancer be conquered within our lifetime?

2 Cells: The fundamental unit of life
Seven hierarchal levels of organization
Four types of macromolecular polymers
Cell structure and function
Relationship between structure and function is important

3 The human genome and protein function
The composition and function of the human genome
Having a diploid genome has its advantages
Proteins carry out diverse functions

4 Cell cycle, oncogenes, and tumor suppressor genes
Cell division in germ-line and somatic tissues
Consequences of germ-line and somatic tissue mutations
Cell division, differentiation, and maturation occur to
form functional tissues
Cell division is under the regulation of the cell cycle
Loss of cell cycle control results in uncontrolled cell growth

5 Tumor formation, growth, and metastasis
Tissue changes that occur in response to stimuli
Feeding tumor growth by angiogenesis
Characteristics of benign and malignant tumors
Events that occur during the process of metastasis

ix
Xi

11
15
18
23

26
27
52
45
48

51
51
56
60

67
68
74

74
76
91

94
94
100
103
105



vi CONTENTS

6 Cancer screening, detection and diagnostic procedures and tests 115
Factors that determine the accuracy of a diagnostic test or procedure 116
Common screening tests 117
Diagnostic procedures for the confirmation of a disease 119
Tumor grade and stage factor into the type of treatment regimen
and prognosis 131

7 Cancer treatment modalities 135
Surgery: the oldest and most commonly used treatment method 136
Radiation kills by causing extensive DNA damage 139
Cytotoxic effects of chemotherapeutic drugs 145
Side effects and risks from the use of cytotoxic drugs 150
Hormonal deprivation treatment: used for estrogen- and
androgen-dependent cancers 153
Can cancer growth be controlled by inhibiting angiogenesis? 158
Additional enzymes targeted for inhibition 161
Biological therapy stimulates the body’s ability to fight cancer 163

8 Breast cancer 165
Breast cancer statistics 166
Women's breast tissue: unique in structure and function 167
Causes of breast cancer 169
Regular examinations of the breast are important for early diagnosis 173
What follows a positive diagnosis? 179
Treatment options are unique for each individual 182
Much has been accomplished, more needs to be done 187

9 Ovarian cancer 189
Ovarian cancer statistics 189
Structure and function of ovaries 190
There are three tissue categories of ovarian cancer 19
Symptoms of overian cancer are vague and often missed 192
Certain factors have been associated with a higher risk 193
Diagnostic tools are available but not always used or recommended 197
Additional procedures are necessary to confirm suspicious results or
if there is metastasis 199
The FIGO system may be used to stage ovarian cancer 200
Treatment options for ovarian cancer 200
Steps are taken to prevent recurrence but do not always work
when the cancer is advanced 203
Much needs to be done in the future 203

10 Cervical cancer 206
Cervical cancer statistics 206

Structure and function of the cervix 207



CONTENTS vii

Symptoms of cervical cancer 208
Pelvic examinations and Pap tests enable early detection 208
Risk factors for cervical cancer 214
The HPV test is a vital diagnostic tool 215
Additional tests are necessary to examine the cervix 216
Treatment depends on the stage 218
A vaccine will prevent many cases of cervical cancer 221
11 Prostate cancer 224
Prostate cancer statistics 224
Function of the prostate gland 225
Certain factors influence the development of prostate cancer 226
Symptoms of an enlarged prostate 228
Screening and diagnostic tests for prostate cancer 228
There are traditional and unique treatment options available 237
Prostate cancer mortality rates have decreased 245

Much attention is being given to the number one cancer affecting men 245

12 Testicular cancer 247
Testicular cancer statistics 247
Structure and function of testicles 248
There are three types of testicular tumors 249
Risk factors for the disease 250
Symptoms of testicular cancer 252
Testicular self-examination (TSE) is recommended 253
Blood and imaging tests are used to determine diagnosis and
possible metastasis 255
Testicular cancer treatment results in a high cure rate 256
Causes and treatments are being studied 260

13 Skin cancer 262
Skin cancer statistics 262
Structure and function of the skin 263
Three types of skin cancer 266
Risk factors for developing skin cancer 267
Methods used to screen for skin cancer 275
Surgery and chemotherapy are standard treatments for
metastatic skin cancer 284
What happens after skin cancer treatment 289
Limited UV radiation exposure is the number one form of prevention 289

14 Lung cancer 293
Lung cancer statistics 294
Lungs are the site of the exchange of gases 294

Risk factors associated with the development of lung cancer 294



viii

CONTENTS

Lack of distinctive symptoms makes early diagnosis difficult
Lung cancer is often diagnosed at an advanced stage

There are two main categories of lung cancer

Three traditional therapies are used in lung cancer treatment
Is there discrimination in cancer research funding?

15 Colorectal cancer

Colon and rectum are the last two sections of the
gastrointestinal tract

Risk factors for colorectal cancer

Screening tests

Treatment options

Targeted therapies

Screening tests performed after the course of treatment

16 Leukemia and lymphoma

Leukemia statistics

Leukemia is a cancer of the blood cells

The exact cause of leukemia is unknown

Early symptoms of leukemia

Laboratory studies are necessary to determine the diagnosis
There are many types of leukemia

Nonchemotherapeutic treatment options have significantly improved

survival rates

Lymphoma is a malignancy of the lymphatic system
Hodgkin’s vs. non-Hodgkin’s lymphoma

Certain risk factors are associated with an increased incidence
of lymphoma

Diagnosing lymphoma involves biopsies and imaging tests

Lymphomas must be classified to determine appropriate treatment

Treatment options depend on the type of lymphoma, stage,
and extent of metastasis

Glossary

Index

Companion website www.wiley.com/go/almeida/cancer

299
303
306
307
310

312

313
317
319
329
334
336

338
338
339
340
340
341
343

321
355
355

357
358
358
359

361
389



T

&

/ .
The; basics of cancer

If the three worst words are, ‘You have cancer’, then the four worst are ‘Your
cancer is back’.

Katie Couric, American newscaster and journalist

CHAPTER CONTENTS
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Modern day cancer research and
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Prevalence and mortality varies with
each cancer

Risk factors have been identified
Will cancer be conquered within our
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Expand your knowledge

Additional readings

Cancer: Basic Science and Clinical Aspects, 1st edition.
By C. A. Almeida and S. A. Barry. Published 2010
by Blackwell Publishing, ISBN 978-1-4051-5606-6.

Very little strikes more fear into peoples’
hearts than being told they have cancer.
Such a diagnosis can turn a person’s world
upside down and conjure up thoughts of
what lies ahead: pain, disfigurement, dis-
ability, nausea, hair loss, or even death.
Recent years, however, have seen extra-
ordinary advances in basic cancer research
and in the development of more effect-
ive methods for the detection, diagnosis,
and treatment of cancer. Consequently,
while the phrase “You have cancer,” may
be life-altering, it is not necessarily the
devastating, life-threatening diagnosis of
generations past.

CANCER IS A COMPLEX ENTITY

In the most basic sense, cancer is the
abnormal, uncontrolled growth of previ-
ously normal cells. The transformation of
a cell results from alterations to its DNA
that accumulate over time. The change in
the genetic information causes a cell to no
longer carry out its functions properly. A
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THE BASICS OF CANCER

(a) Benign tumors are generally
self-contained and localized
and have a well-defined

perimeter

They grow slowly,
expanding outward
from a central mass

(b) Malignant tumorsare ——

not self-contained, and

usually do not compress
surrounding tissues. Their

growth is an irregular

invasion of adjacent cells

Although they may
grow slowly, they are
also capable of very

They are dangerous when
they compress surrounding
tissues. A benign tumor
5 near a blood vessel could
restrict the flow of blood;
in the abdomen it could
impair digestion; in the
brain it could cause
paralysis

They are not localized; in
a process called metastasis
they shed cells that travel

£ through the bloodstream
and infect tissues at other
locations. They can even
establish malignant growth
in a different type of tissue:
a breast cancer can spread
to bone tissue, for example

rapid growth

Figure 1.1 Benign vs. malignant cancers. (a) A benign tumor is a mass
of cells that remains within the tissue in which it originally developed.

(b) The invasion of cancer cells into surrounding tissues is the hallmark of
a malignant tumor. Malignant cells may break free from the tumor and
travel to other locations in the body through the process of metastasis.
Source: http://health.stateuniversity.com/pages/1580/Tumor-Removal.html

primary characteristic of cancer cells is their ability to rapidly divide, and
the resulting accumulation of cancer cells is termed a tumor. As the tumor
grows and if it does not invade the surrounding tissues, it is referred to
as being benign (Figure 1.1a). If, however, the tumor has spread to nearby
or distant tissues then it is classified as malignant (Figure 1.1b).

Metastasis is the breaking free of cancer

Do benign or malignant cells
form metastatic tumors?

cells from the original primary tumor
and their migration to either local or dis-
tant locations in the body where they

will divide and form secondary tumors.

There are many types of cancer

Cancer is not a single disease; there are over 100 identified types, all with
different causes and symptoms. To distinguish one form from another
the cancers are named according to the part of the body in which they
originate. Some tumors are identified to reflect the type of tissues they
arise from, with the suffix -oma, meaning tumor, added on. For example,
myelos- is a Greek term for marrow. Thus, myeloma is a tumor of the bone
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marrow, whereas hepatoma is liver cancer (/epato- = liver), and melanoma
is a cancer of melanocytes, cells found primarily in the skin that produce
the pigment melanin. (Table 1.1)

There are four predominant types of cancer

The four major types of cancer are carcinomas, sarcomas, leukemias, and
lymphomas. Approximately 90% of human cancers are carcinomas, which
arise in the skin or epithelium (outer lining of cells) of the internal organs,
glands, and body cavities. Tissues that commonly give rise to carcinomas
are breast, colorectal, lung, prostate, and skin. Sarcomas are less common
than carcinomas and involve the transformation of cells in connective
tissue such as cartilage, bone, muscle, or fat. There are a variety of sarcoma
subtypes and they can develop in any part

of the body, but most often arise in the
arms or legs. Liposarcoma is a malignant

the terms hepatoma and
tumor of fat tissue (lipo- = fat) whereas

hepatocarcinoma?

What is the difference between

a sarcoma that originates in the bone is
called osteosarcoma (osteo- = bone).
Certain forms of cancer do not form solid tumors. For example,
leukemias are cancers of the bone marrow, which leads to the over-
production and early release of immature leukocytes (white blood cells).
Lymphomas are cancers of the lymphatic system. This system, which is a
component of the body’s immune defense, consisting of lymph, lymph ves-
sels, and lymph nodes, serves as a filtering system for the blood and tissues.

Each cancer is unique

While there are certain commonalities shared by cancers of a particular
type, each may be unique to a single individual. This is because of different
cellular mutations that are possible, and can depend on whether the dis-
ease is detected at an early or advanced stage. As a result, two women
diagnosed with breast cancer may or may not receive the same treatment.
The impact of the disease on the individual, as well as the final outcome
of the disease, is unique in every case. Still, several types of cancers can
have a similar set of symptoms, which may be shared with several other
conditions, making screening, detection, and diagnosis a complex problem.

A tumor can impact the function of the tissue in which it resides or
those in the surrounding areas. Tumors provide no useful function them-
selves and may be considered “parasites,” with every step of their advance
being at the expense of healthy tissue (Figure 1.2). While most types of
cancers form tumors, many do not form discrete masses. As previously
stated, leukemia is a cancer of the blood that does not produce a tumor,
but rather rapidly produces abnormal blood cells in the bone marrow at
the expense of normal blood cells.
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(b)

Figure 1.2 (a) Healthy lung and (b) cancerous lung. Reprinted with
permission © American Lung Association. For more information about
the American Lung Association or to support the work it does, call
1-800-LUNG-USA (1-800-586-4872 or log on to www.lungusa.org)

The development of tumors

All tumors begin with mutations (changes) that accumulate in the DNA
(genetic information) of a single cell causing it and its offspring to func-
tion abnormally. DNA alterations can be sporadic or inherited. Sporadic
mutations occur spontaneously during the lifespan of a cell for a num-
ber of reasons: a consequence of a mistake made when a cell copies its
DNA prior to dividing, the incorrect repair of a damaged DNA molecule,
or chemical modification of the DNA, each of which interferes with expres-
sion of the genetic information. Inherited mutations are present in the
DNA contributed by the sperm and/or egg at the moment of conception.
To date, 90-95% of diagnosed cancers appear to be sporadic in nature
and thus have no heredity basis. Whether the mutations that result in a
cancer are sporadic or inherited, certain genes are altered that negatively
affect the function of the cells.

Genetic influence on tumors

A link between a particular genetic mutation and one or more types of
cancers is made by analyzing and comparing the DNA of malignant
tissue samples obtained from patients and members of families with a high
incidence of a particular cancer and comparing it to the DNA from healthy



