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    MORE PRAISE FOR POSITIVE RESULTS

    “Positive Results is a tremendously important book: a frank, personal, informative, and extremely accessible account of the latest insights into breast cancer genetics, diagnosis, and treatment. It deserves to reach a very wide audience, not merely among women, but also the men who love them.”

    —Kevin Davies, author of Breakthrough: The Race to Find the Breast Cancer Gene and Cracking the Genome

    “Modern genetics has produced a huge amount of information about breast and ovarian cancer risk, and a woman with a family history of the disease feels a huge need to learn it. She need look no further. This book provides insights at every level, ranging from the emotions that families experience to summaries of the latest laboratory research. Helpful personal accounts are balanced with clear medical advice. I can't imagine a more thorough resource than this one.”

    —Jeff Wheelwright, author of The Irritable Heart: The Medical Mystery of the Gulf War and the forthcoming The Wandering Gene

    “Positive Results is a superbly written guidebook for men and women whose families are afflicted with breast or ovarian cancer, and Joi and Ora's easy-to-read, educational, and informative writing enlightens every reader to how we all should make the best decisions regarding our healthcare choices. The understanding of genetics, environment, and basic medical statistics offered in this book is something every person who ever seeks medical care should have. Everybody needs to read this book!”

    —Howard C. Mandel MD, former chief of gynecology of Century City Hospital and chief of gynecology and chief of surgery of Century City Doctors’ Hospital


    “Cutting-edge technology and research is presented in a highly readable and personal manner. This book is a tremendous resource for clinicians and patients alike. I learned a heck of a lot!”

    —David L. Rimoin, MD, PhD, founding president of the American College of Medical Genetics

    “To patients—A terrific resource to guide patients with strong family histories of breast cancer as they make their journey through testing, risk assessments, and decisions about surgery. In this era of personalized risk assessment and treatment and information-enabled and empowered patients, this book allows everyone involved to have a complete understanding of the issues and the choices, and to make truly informed decisions.

    To providers—If you are managing patients with breast cancer or hereditary breast cancer, this book belongs in your library. The combination of a breast cancer patient and a physician/specialist in high-risk breast and ovarian cancer syndromes as coauthors is extremely powerful and results in a true reference manual for a new generation of genetically guided treatments for hereditary breast and ovarian cancers.”

    —Geoffrey S. Ginsburg, MD, PhD;

    director, Center for Genomic Medicine,

    Duke Institute for Genome Sciences & Policy;

    professor of Medicine and Pathology, Duke University;

    and author of Genomic and Personalized Medicine

    “This book takes people from the beginning questions of, ‘Do I want to know?’ to helpful insight into the recommendations of surveillance and surgery options. This is a resource that will be utilized by many genetic counselors to help their patients through the difficult decision-making process. The personal vignettes throughout the book provide a personal touch the readers will really appreciate.”

    —Steven Keiles, MS, CGC, 2009 president of the National Society of Genetic Counselors
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    This book is designed to provide accurate and authoritative information on the subject matter covered, and every effort has been made to ensure that it is correct and complete. The information contained in this book is designed to educate and inform, but it is not intended as medical advice for any individual reader. This book is not intended to substitute for individual counseling and medical advice from a trained genetic counselor or physician. The reader should regularly consult physicians and other medical professionals about matters pertaining to his or her health, particularly regarding symptoms that may require medical attention.

    The names of some of the people portrayed in this book have been changed to protect their privacy.
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    Science and everyday life cannot and should not be separated.

    —Rosalind Franklin, 1920–58, pioneer molecular biologist,

    in a letter to her father, summer 1940

    Because I survived breast cancer at age twenty-eight and ovarian cancer twenty years later, I have experienced different eras in treatment and technology. But none of the changes I have witnessed are as dramatic and far-reaching as our growing understanding of the biology of cancer and the advances we are making with genetic and biomarker testing. These advances are changing the landscape of cancer and, most important, enhancing hope.

    I was diagnosed with breast cancer in 1983, more than a decade before the Human Genome Project led to isolation of the BRCA mutations. Sixteen years later, I was one of the early patients to be enrolled in a clinical study identifying the link between mutations in the genes BRCA1 and BRCA2 and hereditary breast and ovarian cancer.

    My positive BRCA1 test results came as no surprise to me. My grandmother died of a gynecologic malignancy when I was a small child, and my mother died of ovarian cancer just before I was diagnosed with breast cancer. I had always felt that there was some clinical explanation for why a younger woman would develop breast cancer. However, until then, there were no answers. So for me, a positive test result was empowering because it finally gave me an understanding of, and an explanation for, my medical and family health history. Most important, it gave me some sense of control and a chance for choice.

    Choice and decisions are key words. A positive genetic test result is an opportunity for one to intervene, to take action, and to transform fear. Decisions are often difficult and discussions may be painful. It is easy to feel overwhelmed and confused. Decisions are personal and individual, but in order to make the best ones you need trusted information.

    The powerful collaboration between a patient and doctor, as has been so beautifully done here by Joi Morris and Dr. Ora Gordon, strikes the perfect balance between science and the heart. Positive Results: Making the Best Decisions When You're at High Risk of Breast or Ovarian Cancer is a book long overdue. It demystifies the BRCA journey and provides a road map to guide, teach, inspire, and comfort.

    Cancer made an advocate out of me. Positive Results will give you the tools and the strength to help you advocate for yourself or for someone you love.

    Selma Schimmel

    Selma R. Schimmel is the founder and CEO of Vital Options International, a cancer communications and advocacy organization. She is also the host of The Group Room® cancer talk radio show and author of Cancer Talk: Voices of Hope and Endurance from “The Group Room,” the World's Largest Cancer Support Group.
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    Personalized medicine demands personal decisions. The advent and availability of genetic testing for disease-associated genetic changes have opened up an exciting twenty-first-century world of options for healthcare prevention and treatment—and we are only just beginning to realize the salutary potential of this new knowledge. Whole genome sequencing, genotyping, and genetic testing are all commercially available and provide information about an individual's risk for a variety of conditions and diseases. Yet knowledge of your future risks for potentially life-limiting diseases such as cancer, diabetes, heart disease, or dementia carries with it very personal implications. For many of these conditions, the challenge is figuring out how best to prevent the disease once the risk is identified.

    Discovering you are at risk allows you to make informed choices about lifestyle and/or medical interventions. This knowledge can permit you to take action to avoid being victimized by conditions that have plagued your family for generations. Yet for some conditions, there are presently few preventive recommendations or effective interventions to be prescribed. In these situations, the genetic information may leave individuals overwhelmed by anxiety and fear, even feeling like “a ticking time bomb.” So, while powerful in its predictive quality, the practicality and usefulness of genetic risk information is not without limits.

    Women who undergo testing and learn that they carry a disease-associated alteration in one of the BRCA genes provide one of the best examples of both the power and the quandaries associated with genetic risk assessment. Many of these women have witnessed their mothers, sisters, aunts, and/or cousins battle breast and/or ovarian cancer. Now they have the opportunity to use this newfound genetic information to avoid falling victim to these and other cancers and live full, cancer-free lives. But the decisions they must make are far from easy, and their choices often have great impact on their lives, goals, and aspirations.

    At age forty-two, Joi Morris learned that she carried a deleterious mutation in the BRCA2 gene and courageously made choices regarding medical interventions. Along the way, Joi realized that her journey would have been easier to navigate if there were comprehensive resources providing science-based information to assist her as she evaluated her options. To help fill this void for others facing similar decisions, Joi partnered with Dr. Ora Gordon, director of the GenRISK Adult Genetics Program at Cedars-Sinai Medical Center in Los Angeles, to write Positive Results.

    As director of the Gilda Radner Hereditary Cancer Detection Program and a gynecologic oncologist, I have counseled and cared for hundreds of women with BRCA mutations. I've realized that each woman's journey through the maze of healthcare decisions is very personal. Each individual's rationale for specific choices is frequently driven by influences that go beyond the genetic and medical information that I can provide. Positive Results is a comprehensive guide for these women as they evaluate their options. It is an outstanding resource that explains the basis for genetic tests, the implications for modern healthcare, and many of the decisions that affect families and society. The book's approach is intelligent and honest, and it provides personal perspectives and answers to many questions voiced by women coming to grips with this powerful information.


    I'm thrilled that I will be able to now recommend Positive Results to my own patients who are facing these decisions.

     

     

     

    Beth Y. Karlan, MD

    Cedars-Sinai Medical Center: Board of Governors’ Endowed Chair in Gynecologic Oncology

    Director, Women's Cancer Research Institute and Division of Gynecologic Oncology

    Director, The Gilda Radner Hereditary Cancer Detection Program

    David Geffen School of Medicine at UCLA: Professor of Obstetrics and Gynecology

    Past President, Society of Gynecologic Oncologists

    Editor-in-Chief, Gynecologic Oncology
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    A book like this is never the work of just its authors. Many others have helped Positive Results on its journey. The first and largest thank you must go to our agent, Gina Maccoby, who went above and beyond the call of duty to help these first-time authors find their voice, and for tirelessly working to find the right publishing house for this book. We also thank all of the men and women who gave their time and shared their stories. They are too numerous to name, and many of them do not wish to be named. We also wish to thank those who reviewed portions of the manuscript for accuracy, including Steven Narod, MD; Ilana Cass, MD; Donald S. Cohen, MD; Kristi M. Funk, MD; Howard C. Mandel, MD; Leslie Memsic, MD; Joan Osder, MD; Bruce Shragg, MD; R. Kendrick Slate, MD; Margaret Snow, MD; Kent Taylor, PhD; and Rachel Beller, RD. Additional thanks go to Joyce Canada, Ann Cummings, Whitney Ducaine, Eileen Escarce, Jeanne Homer, and Steve Kandel. Special thanks go to our husbands and our children, who encouraged us, provided inspiration, and put up with Mom being in front of the computer for long hours. Finally, we wish to thank everyone at Prometheus Books for helping our dream become reality.
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    The idea for this book was born three years ago as I was recovering from bilateral mastectomies. The decisions I had to make about breast surveillance, mastectomies, reconstruction, ovarian surveillance, and/or surgery were and are incredibly complex and harrowing. I yearned for a guidebook to help me make sense of the myriad issues I was facing. I asked my doctors, “Is there a book for high-risk women like me?” The repeated answer was, “No.”

    My sister-in-law came to take care of me and my family for a week after my mastectomies. Every day we walked to start building back my strength. One morning while walking to the beach I expressed my deep frustration that there was no resource for women like me.

    “You should write one,” she said.

    I am sure I looked at her as if she had lost her mind. I could not imagine writing a book, much less one on such a complex medical topic. But she had planted a seed in my brain and it took root. A few months later I met with my geneticist, Dr. Ora Gordon; now that I had completed my mastectomies it was time to talk about my ovaries. I mentioned that I was thinking about writing a book for high-risk BRCA-positive women. She was enthusiastic about the value such a book would have for all of the women that she counsels, so she offered to help. She has become my coauthor, and even though the book is written from my perspective and all of the first-person references are mine, her pragmatic and steady hand is evident throughout. For those of you who do not have the opportunity to spend the hours that I've spent in her office, her guidance and recommendations are here to help you on your path.

    Positive Results is the book I wish I'd had when I first learned my BRCA status and was terrified about the implications for my health and future. It is the book I wish I'd had when my first breast MRI found a lump. It is the book I wish I'd had as I made tough decisions about mastectomy and reconstruction. It is the book I am glad that I now have as I contemplate my ovarian cancer risk and surgical menopause.

    I hope it will help you, too.

    Joi Morris

    Santa Monica, California

    Every day I meet with women and men concerned that they carry a “cancer gene” because of their family history or personal experience. Around one in eight will test positive for a genetic change that puts them at extraordinarily high risk for cancer. Confronted with such odds, these brave folks have enormous decisions to make, choices they have never imagined. For the others, those in whom no mutations are found, the conversations are equally long—are they still at risk? Is other testing appropriate? What should they do to prevent cancer? Every time I speak publicly, afterward there is a long queue to ask me specific questions—even doctors and nurses want to know: What about me, should I get tested? What should I do? All of these women and men have two things in common: fear of cancer and a lot of questions. And even though I spend hours with my patients, there is frequently just not enough time to make sure they fully understand their risk and all the options available to them for preventing cancer. I have long felt the need for a comprehensive resource to help them outside my office, one that they could consult at home, at their own pace, and as often as they want.


    When Joi asked me to collaborate on this book I jumped at the opportunity. I have often felt that I could help more women if I could just clone myself! This book is the opportunity for me to do just that on a grand scale. I love working with women (and men) to help them take control of the risk in their lives. In this book we have tried to address every question that I am asked. I strongly believe that it is the comprehensive resource that is so desperately needed. Use it as your personal toolbox for assessing your family history and risk. We hope this information helps you feel empowered and in control of your life and your risk. Not that you won't need further guidance from doctors and counselors along your journey, but you will be well equipped to ask the right questions and you will know what to expect.

    Ora Karp Gordon, MD, MS

    Los Angeles, California
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    Fresh out of law school, I moved to Los Angeles to begin my career as an attorney at one of the nation's largest law firms. New apartment near the beach, new convertible for my commute, new gynecologist. At my first appointment with Dr. Mandel, breast cancer was uppermost in my mind because my mom and her grandmother had both battled breast cancer only a few years earlier. I was midway through my junior year of college when Mom was diagnosed at the young age of forty-three, and memories of her fight were still fresh. Indeed, throughout my twenties, breast cancer was never far from my thoughts. But in 1989, the breast cancer genes had not yet been discovered and there was no way for me to know if my mother's early bout with cancer was due to heredity or just bad luck.

    I had lots of questions for my new doctor. What can I do to keep from getting breast cancer? Does the fact that Mom was so young when she got it affect my risk? Should I avoid birth control pills? Should I have a mammogram now? Dr. Mandel was patient and thorough and did not rush me out of the office. I learned that breast cancer is generally present for ten years before it is detected. I also learned that mammography is less accurate for young women with dense breasts, like mine.

    At my annual checkups, Dr. Mandel and I discussed breast cancer and when I should begin screening. In the meantime, I got married and started my family. Dr. Mandel helped deliver my first son in 1995 and my second in 1998. After I weaned my youngest, we scheduled my first mammogram. I was thirty-six. At that time, the American Cancer Society recommended mammograms starting at age forty, but I wanted to start sooner because of my family history. My mammogram was normal, but the report noted that my breast density might affect the accuracy of the screening.

    By this time, BRCA1 and BRCA2, known as “the breast cancer genes,” had been discovered. This was big news, but, at first, testing for these genes was primarily done through research studies. A couple of years later, when the test became widely available to individuals, Dr. Mandel started talking to me about being tested for a genetic mutation because breast cancer under age forty-five is one indication that the cancer may be hereditary. My mom was only forty-three at the time of her diagnosis, and she was not the only person in my family to have had breast cancer. Her grandmother had it also.

    Dr. Mandel warned me that if the test were positive I would have to face the limited number of options available to reduce my risk. The best would be prophylactic mastectomies and breast reconstruction. But surgery to remove the breasts that had just finished nursing my son seemed almost unthinkable.

    I found these conversations deeply troubling. Medical technology could now answer some of the questions I had been asking for more than a decade. But did I really want to know the answers? What if I tested positive for the BRCA gene? What would I do? Dr. Mandel's last bit of advice echoed loudly in my mind: Don't do this until you are ready to deal with the answer.

    As we talked further, I began to understand that a positive test result meant facing painful, scary choices. I would have to decide whether to remove my healthy breasts, or my healthy ovaries, or both. As preventive measures, the removal of my breasts and ovaries would be the best way to avoid getting breast cancer or ovarian cancer.

    “Ovarian cancer? But nobody in my family has had ovarian cancer.”


    “Yes, but a BRCA mutation raises your risk of ovarian cancer as well as breast cancer,” he said. This was news to me.

    My husband and I were still contemplating having a third child, although we were having trouble figuring out how our busy lives could accommodate a new addition to our family. How could I add determining my breast cancer risk to the mix? We procrastinated on the baby question right up to when I turned forty, when we decided that our family was complete with our two boys.

    I began to think frequently about Dr. Mandel's recommendation that I consider genetic testing, even though my mammograms had all been normal. By the time I turned forty-one I was fast approaching the age my mother had been when she found her first (benign) lump. After my next visit with Dr. Mandel, I began to search the Internet to learn more about the BRCA genes and genetic testing.

    The statistics were mind-numbing. Each gene has thousands of different potential mutations. With some mutations the lifetime risk of getting breast cancer can be as high as 90 percent. Now I decided I did want to know the information stored in my DNA. I would deal with the results, whatever they might be.

    Myriad Genetics has a patent on testing for the BRCA genes in the United States and is the only commercial laboratory here that offers this test. I called Myriad and spoke with a counselor. I told her about my mother and asked questions about the test. She said my mother should be the first person in our family to be tested for a genetic mutation as she'd had early-onset breast cancer. The counselor told me that even if my family had a genetic mutation, I might not have inherited it.

    Calling my mother to ask her to test for the BRCA genes was hard. At that point, she had been a breast cancer survivor for more than twenty years. Her fear of a recurrence or getting another cancer had receded over time. By asking Mom to test for the breast cancer genes, I was bringing the topic front and center again.

    I told her what I'd learned from Dr. Mandel, from the Myriad counselor, and from my own research. We had several conversations, none of which were easy. But as I neared the age she had been when she was diagnosed with cancer, my desire to know if I was closing in on her fate or if her cancer had been just bad luck became stronger. Although I worried that Mom would not want to proceed with this test, she didn't let me down. She made an appointment at a nearby cancer center to find out more about genetic testing, and several months later she had her blood drawn for the test. After six weeks she received her results: negative for BRCA1 but positive for a BRCA2 mutation.

    This news came as a shock to us both, even though Mom had had breast cancer at a young age. Ours is not a typical BRCA family that has lost many women to breast and ovarian cancer. In fact, nobody in our memory has died of these diseases. My mother is a survivor and my great-grandmother died of causes unrelated to her breast cancer. At my next appointment with Dr. Mandel, we talked about my mom. What did being BRCA positive mean for her as a twenty-one-year breast cancer survivor? After her initial diagnosis, she had a single mastectomy and chemotherapy. In the years since, each good checkup—without a recurrence or cancer in the other breast—gradually eased her anxiety. But the positive BRCA test results brought back her cancer fear full force. Statistics indicated her chance of getting cancer in her remaining breast was 60 percent. She also had to face a new fear: ovarian cancer. Although I now look at this genetic information as a blessing, it was impossible to think of it as anything other than bad news at the time. It placed tremendous stress on both of my parents, and I felt a little guilty for having started the process that led to this anxiety. And I was worried about my mom's risk. Her ovarian cancer risk seemed especially frightening—in part because of her age and in part because of the difficulty in detecting such a cancer.

    Now it was my turn to be tested. I went to Dr. Mandel to have blood drawn to find out if I shared Mom's genetic mutation. Because we knew the specific mutation I might have inherited, I had what is called a “single site analysis”—where the lab looks only for the single known family mutation rather than searching for all of the thousands of potential mutations on both BRCA genes. Single site analysis is far less expensive than the full test, and the results are available much more quickly. Since I worried about how BRCA testing might affect my health insurance, I paid for the test myself.


    Dr. Mandel and I talked about my chances of having Mom's BRCA mutation. He explained that I have two copies of each BRCA gene, one from each of my parents. Mom's mutation is on one of her two copies of the BRCA2 gene, which means I have a 50/50 chance of inheriting her gene with the mutation. We talked about what I might do if my test were to come back positive. My mouth said I would probably have mastectomies and I needed to know more about the different reconstruction options. But even as I said this, I simply could not wrap my mind around the idea of cutting off my beautiful, healthy breasts. The logical part of my brain said if my breasts were going to give me cancer, they should go. The emotional part of my brain screamed BUT NOT ANYTIME SOON! Dr. Mandel and I talked for more than an hour, but my memory of the conversation is fuzzy. I remember my hands shaking. When I left he hugged me and promised to call as soon as he had the results.

    I grew up in Missouri and my parents, my brother, and other relatives still live there. Each summer I take my kids back to visit. I was back home in Missouri when Dr. Mandel tracked me down to tell me the results: “Your test came back positive.”

    I did have the same BRCA2 mutation as my mother. Dr. Mandel did not let me off the phone until I assured him that I was okay and that I would make an appointment to come in with my husband for an extended consultation upon my return to LA. Although the news was not unexpected, it still took a few minutes to sink in. I told my mom immediately and she looked crushed. She had so hoped I would be spared.

    Back in LA I went to see Dr. Mandel. I sat in his office and looked at the familiar photos of his wife and children, and some babies he had delivered. Even though I already knew the bad news, it was no easier to look at the harsh reality of the words on the page when he handed me my test results. I had lived for many years with the fear that I would get breast cancer in my early forties, as my mother had. But seeing the words “POSITIVE FOR A DELETERIOUS MUTATION” on paper almost made my heart stop. Dr. Mandel told me that these test results meant that my risk of getting breast cancer could be as high as 84 percent by age seventy, my risk for ovarian cancer as high as 27 percent by age seventy. Getting breast cancer just like my mother did was more than hypothetical—it was likely.

    Now I had entered an alternate reality, watching the world through a camera lens, one step removed. Fear of breast cancer became my constant companion. I took my kids to the beach and watched them play in the surf. They were shrieking, jumping, diving, laughing, and generally having a fabulous time. I looked at my breasts in my bathing suit and wondered what it would be like without them. My chest felt tight, like a lead weight was sitting on it. It was hard to breathe.

    When I opened my eyes each morning, breast cancer was the first thing to enter my mind. Unless I made a great effort, it was also the last thing I thought of at night. I needed a plan . . . and I needed more information.

    But I had entered a purgatory consisting of risk data that constantly shifted, differing medical interpretations, and a variety of opinions about what I should do:

    Should I have my ovaries removed?

    
      	
Yes, remove your ovaries as soon as possible; it will reduce your breast cancer risk by half.

      	
No, removing your ovaries at forty-two won't cut your risk in half; you should have removed your ovaries by the time you were thirty-five to get a 50 percent breast cancer risk reduction.

    

    If I remove my ovaries, which would bring about surgical menopause, then what should I do?

    
      	
Don't use hormone replacement therapy; it will just negate the positive benefits of taking out your ovaries.

      	
Even with hormone replacement therapy, your estrogen load will be approximately one-third of its prior level and it will still reduce your breast cancer risk—but the amount of the risk reduction can't be quantified.

    


    What about my breast cancer risk?

    
      	
Have mastectomies, it is the most effective way to reduce your breast cancer risk.

      	
Keep your nipples for the best cosmetic outcome.

      	
Don't keep your nipples; you won't get the most effective risk reduction if you are keeping the breast tissue around the nipples.

    

    What about the fact that my mother's breast cancer was estrogen negative?

    
      	
Removing your ovaries is recommended if you want to keep your breasts. This will probably, but not certainly, change your risk of estrogen-negative breast cancer as well as estrogen positive breast cancer. In short, this was a gray area.

    

    What to do? I needed guidance. The experts—my trusted  doctors—were giving me different and sometimes conflicting advice. As a lawyer, research is something I do well. And so I did loads of it. I took full advantage of the Internet and spent countless hours researching the BRCA genes, their implications for my cancer risk, and my options. I read everything I could get my hands on, mostly research studies but also news articles that profiled women like me who had faced these decisions. I culled information from many sources: articles and research studies available on Pub Med and other publicly available medical sources, the National Cancer Institute, the National Human Genome Research Institute, medical  journals, various cancer centers, various breast and ovarian cancer organizations and foundations, and, of course, my doctors. I had appointments with all kinds of medical specialists: medical geneticists, genetic counselors, oncologists, cancer surgeons, breast surgeons, reconstructive surgeons, and my trusted gynecologist.

    The information I found was not comforting. One study estimated my risk of getting breast cancer before age seventy as 80 percent. Four out of five women with a BRCA2 mutation get breast cancer before they turn seventy! I didn't like that statistic so I started looking for information on my breast cancer risk before age fifty. I was forty-two and my urgent question was will I get it in the next eight years? My children were young, seven and ten years old. I had taken a break from my legal career to be a full-time mom. I had no help with my kids and no family nearby to pitch in. My initial research into surgical options made it clear there was significant recovery time involved. How could I possibly manage being out of commission for the amount of time it would take to have prophylactic surgery and breast reconstruction? How could I ask my out-of-town family to come take care of me and my children for four weeks or more? I had learned that most reconstruction techniques required more than one procedure. How could I ask my family to interrupt their own busy lives to come rescue me more than once in a year? Mom, to whom I instinctively turn for help, has the same mutation and had already had cancer. She had now decided to remove her ovaries and her remaining breast as soon as possible, with the two surgeries scheduled only weeks apart. She had her own troubles.

    Although I didn't have that time to dedicate to preventive surgeries and recovery, neither did I have a year to dedicate to surgery and chemotherapy should I find myself diagnosed with breast cancer. I knew with certainty that I didn't want to go through chemotherapy. I had seen the toll it takes on a woman and her family, especially children. My first thought was that I would put off mastectomies until my youngest son was in college—in about ten years. Then I would have time for surgery and recovery because I wouldn't have children to chase. Looking back, I believe my normally rational mind was not fully functional at this time.

    Summer ended and the boys went back to school. My husband and I met with Dr. Mandel for several hours while he explained the implications of a positive BRCA test and the available options, both for surveillance and for prophylactic surgery. He patiently answered all of our questions. The next day we met with the director of the GenRISK department at Cedars-Sinai Hospital in Los Angeles, Dr. Ora Gordon. Prior to our meeting, Dr. Gordon had sent me a fifteen-page questionnaire about my family medical history, especially the history of cancer and gynecologic surgeries. I had called my grandfather to ask some searching questions about my grandmother, who had passed away almost ten years earlier. I learned she had had a full hysterectomy, including her ovaries, in her early forties. My grandfather and my mother related that my grandmother's sister, my great-aunt Leora, had also removed her ovaries and had a hysterectomy when she was in her late thirties or early forties, as well as prophylactic mastectomies and breast reconstruction with silicone implants. I called Leora's daughter Teresa to get more details. Teresa told me that Leora had had numerous lumps removed from her breasts and had been convinced that she would get breast cancer. Her doctor encouraged her to have prophylactic mastectomies, which she did in 1968, when such procedures were rare. Teresa also told me the surgeon had said that the surgery was done “just in time” as the tissue was “turning.” It was not possible to get Leora's medical records, and Teresa did not know what pathology had been done on the removed breast tissue.

    Everyone's memory was a bit fuzzy about the timing of my great-grandmother Minnie's breast cancer. She was in her eighties when she was diagnosed. Her diagnosis shook our family because it occurred close to the time of my mother's diagnosis. Minnie's cancer was estrogen receptor positive and her treatment was a lumpectomy —removing the cancerous lump without removing the entire breast—and the drug tamoxifen. She never had chemotherapy and she died of totally unrelated causes at the age of eighty-seven. I learned that Minnie had also removed her ovaries with her hysterectomy, probably around age fifty.

    Looking at my family tree with Dr. Gordon was a revelation. She said my grandmother and her sister had gotten incredibly lucky when they had their hysterectomies in their late thirties or early forties because removing their ovaries had significantly reduced their risk of getting breast cancer. She also said breast cancer in older women is less aggressive than in younger women because older people's cells divide more slowly in general, cancer cells included. Mom's cancer was clearly more aggressive than her grandmother Minnie's had been. Mom was in her early forties, and the tumor was fast growing and estrogen receptor negative. Although a lumpectomy had been an option, she chose to have a modified radical mastectomy that removed virtually all of the tissue of her cancerous breast and probably improved her outcome. She was also extraordinarily lucky because she had found the cancer before it reached her lymph nodes.

    I asked Dr. Gordon the question that was uppermost in my mind: What is my risk of getting breast cancer in the next eight to ten years? There really was no good answer. Most studies don't focus on age-related risk. Those few studies that do focus on risk by decade of life show that my risk of getting breast cancer by age fifty is somewhere between 30 and 60 percent. If I wanted to keep my breasts, then I should seriously consider prophylactic oophorectomy (removal of the ovaries) as soon as possible. Removing the ovaries by age thirty-five has been shown to cut breast cancer risk in half for BRCA-positive women. Even though I was forty-two, removing my ovaries before menopause would reduce my breast cancer risk significantly, although Dr. Gordon didn't quantify the amount.

    Then there was my ovarian cancer risk. While the overall risk of getting ovarian cancer is lower than the risk of getting breast cancer, ovarian cancer is significantly harder to detect and often is not found until it is stage III or IV, when it is difficult to treat successfully. Dr. Gordon told me that ovarian cancer risk with a BRCA2 mutation differs, depending on the location of the mutation on the gene and family history, and could range from between 10 and 27 percent lifetime risk. In this instance, looking to my family history was no help whatsoever. My mother's side of my family was small and there was no history of ovarian cancer—but my mother was the only woman on that line of the family who kept her ovaries beyond her forties. We have no way of knowing whether ovarian cancer might have developed in my great-grandmother, in my grandmother, my great-aunt Leora, or even in her daughter Teresa, who had also had a hysterectomy in her early forties.

    Dr. Gordon urged me to join an early detection research study through Cedars-Sinai Medical Center for BRCA-positive women known as the “Gilda Radner Ovarian and Breast Cancer Detection Program,” named for renowned Saturday Night Live comedienne Gilda Radner. As a high-risk woman I should have a breast MRI at least once a year, and my breasts should be imaged every six months, alternating between MRI and a traditional mammogram. Ultrasound would be used to confirm any suspicious lumps that either the mammogram or the MRI might find. My husband and I left Dr. Gordon's office with another hefty pile of paperwork to complete and a great deal to think about.

    After scheduling my first MRI, I gathered recommendations for breast surgeons and reconstructive surgeons and started making appointments. Although I was not ready to decide what to do, I wanted information about the options, both for mastectomies and for reconstruction. The array of choices was confusing and I had many questions.

    The crushing weight on my chest that I awoke to every morning seemed to have moved in permanently. I remember wondering if I would ever feel “normal” again and wondering what normal really was, after all. My fear of getting breast cancer was almost all-consuming. I spent hours reading medical journals, research studies, and anything else related to BRCA that I could get my hands on. One of the most valuable resources was FORCE, Facing Our Risk of Cancer Empowered, an organization started by a BRCA-positive woman to help women just like me. The FORCE Web site gave me an introduction to the basics of managing risk, and, perhaps more important, through FORCE I met other women facing the same decisions. Over the course of my research I found dozens of books on how to deal with a breast cancer diagnosis, but none on how to deal with a BRCA diagnosis. Nonetheless, books on breast cancer did describe mastectomy and reconstruction techniques. Books on hysterectomy discussed different surgical techniques and hormone replacement options. But they just didn't help at all with deciding about removing healthy body parts if you weren't actually diagnosed with cancer.

    What was most helpful was going to lunch with a group of BRCA-positive women. Several of these women had already had prophylactic surgeries, while a few of us were trying to decide what to do. Being able to talk to these women, to hear their stories, to ask them the questions that I could not ask my doctors—such as how they coped emotionally and how surgery affected their sex life—was a turning point in my thinking. The women who had already undergone prophylactic mastectomies were each at different stages of their reconstruction journey. Most also had removed their ovaries. Our conversation was frank and intimate. At the end of lunch, we headed to the ladies room en masse for a “showing.” They opened their blouses to reveal breasts at all stages of reconstruction, from just a few weeks post-mastectomy to completely finished and the many stages in between. It was a revelation for which I will be eternally grateful. Those just out of surgery looked significantly better than I had imagined, and the fully reconstructed breasts were amazing. They looked far better than any photographs I had seen on the Internet and raised my estimation of what was possible with breast reconstruction. To see these young women, near my age or younger, who looked good and were happy with their decisions to have surgery, made what I had thought was an almost impossible decision seem reasonable.

    Every doctor I met examined my breasts. Each identified a lump in my right breast that had been driving me crazy and asked if I'd had it “looked at.” Yes, I had. I had first noticed this lump two years earlier, although it did not show up on my mammogram that year or the next. An ultrasound had shown it to be a cyst, and I had been told not to worry about it. Mostly I hadn't—until after my BRCA diagnosis. Then it became impossible to ignore. My fingers found it almost instinctively every morning in the shower.

    I joined the Gilda Radner Program and I was looking forward to my breast MRI, as this technique is supposedly much more sensitive than a mammogram and better at imaging dense breasts like mine. Dr. Gordon called two days after the MRI with my results: the right breast, the one with the troublesome lump, looked totally normal. But the MRI had revealed a small lump in the left breast that needed follow-up. My brain went into hyperdrive with this bombshell. The radiologist recommended a follow-up ultrasound as the first step, so I got a copy of the MRI report on a disk and took it to the top breast radiologist at another cancer center for a second opinion and an ultrasound. What I wanted to hear was that there really was nothing on the MRI to be worried about. No such luck.

    She spent nearly forty minutes prodding and bruising my breast in a vain attempt to find the specific lump identified by the MRI. My breast had many lumps, and she could not determine which one the MRI had identified as suspicious. She recommended either a follow-up MRI in a few months or an MRI-guided biopsy of the lump, which would involve a repeat MRI to locate the lump, then the surgical removal of a tissue sample for laboratory analysis. The lump could be benign. All my doctors reminded me that MRI is highly sensitive and can produce false-positive results. I had read that the rate of false positives may be linked to the skill of the radiologist, and although Dr. Gordon assured me the radiologist who did my MRI was one of the best anywhere at breast imaging, that did not eliminate the possibility of a false positive.

    My doctors told me I could wait several months and have a repeat MRI conducted to see if the lump was still there or if it had changed. “The lump is so small, even if it is cancer it would not grow much in that span of time,” someone said. Even if it is cancer? Those were words I did not want to hear.

    Another option was to remove my ovaries and then repeat the MRI. Once my ovaries were removed, the amount of estrogen in my body would decrease and the density of my breasts should decrease as well, making imaging easier as well as reducing my breast cancer risk. This option would be more complicated if I chose to have hormone replacement therapy after the oophorectomy to deal with surgically induced menopause, because I would need to discontinue the hormones for a month prior to the MRI.

    The final option was to have mastectomies and have the suspicious lump biopsied at the time of the mastectomies.

    I didn't like any of the options.

    My next step was to meet with an oncologist. He reviewed my medical history and my breast imaging reports. I asked his opinion on whether this lump was cancer. Based on my BRCA status, he placed the odds at 50/50. Not good odds, I thought.

    By this time, my thinking was starting to change. I was beginning to accept that if this lump was not cancer, then another one down the road would be cancer. I understood that I couldn't wait to decide about mastectomies until my children were in college. Stress and fear had invaded my life, affecting my relationship with my husband and my children. I realized that to reclaim my life, I needed to make a decision now.

    I asked the oncologist what he thought about chemoprevention and surveillance, and what he recommends to his BRCA patients. He said that unfortunately a significant number of genetic breast cancers are estrogen receptor negative, like my mother's cancer. The chemoprevention drugs are targeted to estrogen receptors in the breast tissue; therefore, they don't affect estrogen-negative cancers. They also have unpleasant side effects. He said that some of his BRCA patients did choose surveillance rather than prophylactic surgery, and that the imaging regimen I had started with the Gilda Radner Early Detection Study was the best available protocol. Finally, he said he wished he could tell me that those BRCA-positive women who chose surveillance and had the recommended breast imaging every six months always caught any cancer early, before it spread to the lymph nodes—but he could not. He said he would like to tell me that the BRCA-positive women who chose surveillance had all been successfully treated once their cancer was detected—but he could not. He had lost BRCA-positive patients to cancer even though they had been diligent in their surveillance. He was kind and warm, but his words cut like ice. They made me realize the only choice that would allow me to sleep at night was to remove my breasts.
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    I feel I am so much luckier than my mom.

    I have the power to avoid breast cancer by knowing I am at risk.

    She got blindsided by it.

    —Joi
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    I had no idea how complicated genetic testing was. I figured the test for the “breast cancer gene” was like getting a cholesterol test—you either have the test or you don't.

    —Laura

    The words “breast cancer” and “ovarian cancer” strike fear into the hearts of most women. But for women like me, whose mothers, sisters, aunts, or grandmothers have faced these diseases, “Will I get it too?” is a question that constantly plagues us. These are the cancers we fear most. We ask our doctors: Will I get breast cancer? Will I get ovarian cancer? Is there anything I can do to prevent it? If I get it, what can I do to make sure the cancer is caught early?

    Genetic testing for the genes known as BRCA1 and BRCA2 and various others implicated in breast and ovarian cancer is the leading edge of the new personalized medicine frontier and can provide some answers. But as I discovered after my own genetic diagnosis, tests like these can raise a multitude of additional difficult and troubling questions and issues. Unraveling the Gordian knot requires beginning at the beginning:


    WHAT IS A GENE?

    Understanding how inheriting a genetic mutation can increase your cancer risk requires learning a bit about genes and how they function. To do this, you need only understand a few basic science terms: DNA, chromosome, nucleotide, gene, and polymorphism.

    DNA—deoxyribonucleic acid—is a long double-stranded molecule shaped like a spiraling ladder. The basic building blocks of the ladder are the chemicals adenine, guanine, cytosine, and thymine—abbreviated as A, G, C, and T—along with molecules of sugar and phosphate, which comprise the nucleotides, the “steps” of the ladder. These four letters are the entire alphabet for all the “words” that direct, instruct, and regulate tissue and function in our bodies. The “steps” of the ladder, the nucleotides, are paired sets of A and T or C and G. The outer frame of the ladder consists of sugar and phosphate molecules.

    Each cell in our bodies has forty-six separate strands of DNA called chromosomes, arranged in twenty-three pairs. Each pair has one chromosome inherited from the mother and one chromosome inherited from the father. The instructions on these twenty-three chromosomal pairs dictate everything from the color of our eyes to how our digestive system functions. When scientists decode genetic material they “map” the gene by looking at the sequence of the adenine, guanine, cytosine, and thymine. The code for each chromosome is a long string of A's, G's, C's, and T's linked to another long string of A's, G's, C's, and T's. Each matched pair of A's and T's or G's and C's is called a base pair or nucleotide. Every chromosome contains hundreds of millions of base pairs. A gene is a discreet segment of a chromosome, made of thousands of nucleotides. Each chromosome is home to thousands of genes, although not every section of the chromosome is a gene. Some sections code instructions for turning genes on and off and allowing genes to interact. Our genome includes all of our genes, chromosomes, and DNA.
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    Deoxyribonucleic Acid: DNA

    Ninety-nine point nine percent of the DNA code of all humans is identical. But because our genome is so enormous—about three billion base pairs of DNA—this one-tenth of 1 percent of difference provides the opportunity for millions of changes in the DNA sequence from one person to the next. These differences make each person uniquely individual. Many of these changes, or variations, are called polymorphisms, from the Greek poly, meaning “many,” and morph, meaning “forms.” Our genetic code can take many forms, and many people may share the same genetic variations. These changes might make us tall or blonde or curly haired or may not affect our physical attributes or health at all.

    THE HUMAN GENOME PROJECT

    Although the basic structure of DNA was discovered in 1953, the meaning and purpose of the long strings of A's, T's, G's, and C's eluded scientists for years. The United States Department of Energy and the National Institutes of Health launched the Human Genome Project in 1990 with the lofty goal of “mapping” the entire human genome, that is, to identify the sequence of all of the base pairs of DNA and identify the individual genes and their functions. At the time, scientists were still learning how to manipulate DNA and how to determine which segments of the code were actual genes. Scientists estimated that the human genome would contain approximately one hundred thousand genes and that each gene would be responsible for one protein or function. Today, the entire genome has been mapped and we now know that approximately 20,500 genes make up the human genome, fewer than anticipated, and many genes perform multiple functions. The complexity of humans as compared to earthworms, which have roughly the same number of genes, is based on this ability of a single human gene to have many different functions.

    Just before the turn of the millennium, in December 1999, scientists succeeded in identifying the full sequence of Chromosome 22, the smallest chromosome and the first human chromosome to be fully sequenced. Over the next four years all twenty-three human chromosomes were mapped, and that information was stored in a national publicly available database through the National Human Genome Research Institute. That data, in combination with the explosion in computing power and microchip technology, allows scientists to easily access the human genome to look for mistakes and variations that may be problematic and lead to disease.

    But it was not always so easy. Breast Cancer Gene 1 (BRCA1) and Breast Cancer Gene 2 (BRCA2) were discovered before the creation of the genome map.

    Cancer genes, you can't take THESE back to Nordstrom's.

    —Susan

    THE DISCOVERY OF BRCA1 AND BRCA2

    By the mid-nineteenth century, doctors realized that breast cancer seemed to run in families. The sheer number of lives lost to breast cancer in these families led to the inescapable conclusion that something hereditary was at play, but science through much of the 1900s was not sufficiently advanced to discover the cause. By the 1970s, scientists began studying these families to decipher the genetic puzzle and identify the basis of their excessive breast cancer rates.

    One of these scientists was Mary-Claire King, an ambitious and tenacious researcher at the University of California, Berkeley. She began collecting and analyzing blood samples from women in these breast cancer families in an effort to track down the responsible gene. King posited the existence of a single responsible gene at a time when many in the scientific community scoffed at such an idea. These other scientists believed that all cancer, including breast cancer, evolved from a complex interaction between a number of genes and the environment. Undeterred by the criticism, in the 1980s King increasingly focused her lab's research on finding the gene she dubbed “BRCA1” for “Breast Cancer Gene 1.”

    King and her team tracked BRCA1 to Chromosome 17 around the time the Human Genome Project launched in 1990.1 The monumental nature of her discovery is somewhat hard to understand now in light of the relative ease with which scientists currently conduct gene research. But at the time, the sequence of the more than three billion nucleotides on the forty-six chromosomes was completely unknown, as was an understanding of where on the sequence individual genes began and ended. Moreover, the technological ability to manipulate and analyze DNA on the molecular level was still in its infancy.

    In the early 1990s, the Human Genome Project produced a rudimentary map of the genome that could be likened to a highway atlas of the United States, showing major freeways and cities but lacking the finer street detail to be able to easily find a specific house. At this stage, the genome map had landmarks tagging or identifying various locations on the chromosomes, but it lacked detail. The nucleotide pattern and its meaning were yet undiscovered. Chromosome 17 and its ninety-two million base pairs are home to thousands of genes, although this is small relative to some other chromosomes. Mary-Claire King's announcement of BRCA1’s locale on Chromosome 17 was groundbreaking, but the remaining task was still immense—somewhat like looking for a restaurant in Los Angeles without the address or a street map. Indeed, it took another four years to actually locate the gene by gradually ruling out sections of the chromosome.

    In the years following King's announcement that she had narrowed the search for BRCA1 to Chromosome 17, scientists from around the globe sought the gene and speculated about its function and how it affected cancer development. Information on finding BRCA1 was so highly anticipated by the public and the press that, once identified, news of BRCA1’s discovery leaked to the popular press even before formal publication of the scientific research papers.2 But not all families with multiple cases of breast cancer had mutations on BRCA1. Leading scientists came to realize that it did not explain all of the families with high breast cancer rates. So the search continued for another breast cancer gene, resulting in the discovery of BRCA2 on Chromosome 13 the following year. Together, BRCA1 and BRCA2 account for the majority of hereditary breast and ovarian cancers.

    At the time of these discoveries, scientists optimistically predicted that this new genetic knowledge would lead to breast cancer treatment breakthroughs within the decade. Now, more than a decade after the discovery of BRCA1 and BRCA2, the first chemotherapy treatment directed specifically at the damage done when these genes mutate is in clinical trials in the United States and Europe. The therapy, called a PARP1 inhibitor, blocks an enzyme required by cells that do not have a functioning BRCA protein. The early promise of a breakthrough treatment may now be on the horizon, although gene therapy—that is, replacing mutated genes with normal, fully functioning copies—remains a more distant goal. Perhaps not science fiction, but not yet science reality.

    WHAT IS A MUTATION?

    The nucleotides (base pairs of A's and T's or C's and G's) of a gene are arranged in a specific order that form three-letter “words”—called codons—which constitute the instructional sentence of the gene. Certain codons contain the message “start” or the message “stop.” These mark the beginning and the end of the sentence's instructions.

    A mutation is simply a change in the DNA code. A rare code change—occurring in less than 1 percent of the population—is generally called a mutation, whereas a code change that is more common is generally called a polymorphism. Genetic code changes come in a variety of different forms. It may be as simple as a change in one letter—the swapping of an A for a T at a particular nucleotide location. It may be a missing letter or letters that cause the careful three-letter word sequence to become meaningless gibberish. For example, 99 percent of us might have the code AAAGT at a particular location on a chromosome. But some people might have AACGT, and for a few others the letter in the third position might be missing, leaving a code of AAGT. A code change can be the insertion of an extra letter or letters. Using the same example, this might result in a code of AAATGT. There also could be a substantial rearrangement of letters, where a big block of code gets swapped for a different block of code, such as AAAGT actually occurring as GTAAA, but on a much larger scale involving larger blocks of nucleotides. Whether these changes are problematic depends on the change, its location on a chromosome—that is, within a critical gene or on another portion of the chromosome—and whether the resulting DNA “sentence” still makes sense and functions properly. Many mutations result in a premature “stop” signal in the middle of the gene that prevents the gene from performing its function.

    Changes on genes that code for essential proteins are significant. These mutations can prevent the gene from creating its protein or may cause any protein it does make to not function properly. The BRCA genes create proteins critical to our body's healthy cellular function by repairing damage to the cell's DNA. Mutations in these genes, which render the gene unable to make a key protein, can spur cellular reproduction to go awry, launching the cascading process that leads to cancer development. The effect of BRCA mutations, however, is more apparent in certain tissues in the body, primarily in the breasts and ovaries.

    WHAT IS A SINGLE-NUCLEOTIDE POLYMORPHISM?

    A single-nucleotide polymorphism, often referred to as a SNP (pronounced “snip”), is a variation in the DNA code at a particular nucleotide different from what scientists expect to find there (based on the now-known human genome code), which may or may not have any affect on the gene's function. But whereas a mutation is a highly unusual change, a SNP occurs more frequently through the population. For a genetic variation to be considered a SNP it must occur in at least 1 percent of the population. For example, 90 percent of the population may have the code TGTCAT at a particular location whereas the remaining 10 percent of the population has the code TGACAT. There are more than two million SNPs scattered throughout the human genome. Some of these changes are what make us individuals; they explain our different physical characteristics and are linked to our ancestry. Scientists are on the cusp of discovering how some of these polymorphisms may make us more susceptible to diseases, including diabetes, heart disease, and even cancer, although understanding the interplay of these genetic changes with environmental factors requires further research.

    Some SNPs have been linked to modest increases in breast cancer risk. Researchers now believe that some of these SNPs, or more likely combinations of these SNPs, may be responsible for significant numbers of breast cancer cases that are not due to inherited mutations.3 While some studies have been conducted, to confirm the magnitude of additional breast cancer risk conferred by these genetic changes requires a large number of studies, which are not yet complete. Yet a plethora of companies are eager to test your saliva or blood for these SNPs and give you their assessment of your breast cancer risk.

    HOW DO MUTATIONS ON THE BRCA GENES “CAUSE” CANCER?

    Normal Cell Behavior

    To understand the role of the BRCA genes in breast or ovarian cancer, you first need to understand how normal cells behave and how cancer begins. Normal cells have specific functions and specific life spans. An easy example is our skin. The deepest layer of our skin is where cells reproduce. Cells within that layer divide to create new immature skin cells. Instructions in our DNA tell these new cells to “grow up” and become mature skin cells. These mature skin cells don't live forever. They reach the topmost layer of our skin and, at a time programmed by our DNA, they die. We shed these dead skin cells every day. The process in other parts of our bodies is much the same, except that the cellular life span of cells in different tissue types varies and the method for removing dead cells also differs. Our dead skin cells shed off us. Dead cells within our body must be carried off and disposed of by internal systems.


    Like a system of government, a well-functioning cell has a system of checks and balances to ensure normal growth, function, and replication. The job of many of our genes is to create proteins that carry out a variety of critical functions in the cell, including telling the cell when to replicate, putting the brakes on replication, telling the cell when to die, or repairing miscopied DNA. Oncogenes are the genes that create proteins that under normal circumstances regulate cell growth and replication, that is, instructing the cell to divide and multiply to create replacement cells for dying cells. Mutated or altered oncogenes are often implicated in the development of cancer. Tumor suppressor genes create proteins that tell cells when to stop dividing or when to die. Essentially, tumor suppressor genes are the brakes that keep cells from endlessly reproducing out of control. BRCA1 and BRCA2 are tumor suppressor genes. They are also believed to be involved in the repair of certain DNA mutations.

    Each cell in our body has a copy of our entire genetic blueprint, or DNA. When cells divide and reproduce, they must make exact copies of our entire DNA. To duplicate, the DNA ladder essentially unzips and the cell constructs the missing half of the ladder by pairing new molecules according to the pattern on the unzipped half. Because A always pairs with T and C always pairs with G the process is straightforward, if not simple. The result of the construction process will be two new chromosomes; one-half of each new strand will be a side of the original ladder and the other half will be newly constructed. This happens billions of times over the course of our lifetime. So what are the odds that in billions and billions of copies of hundreds of billions of pairs of DNA, one or more errors will be made? It's almost certain. Fortunately, our very well-designed cells have the ability to identify faulty DNA copies and either fix them or cause the cell with the faulty DNA to die an early death. These functions go on continuously.

    The Development of Cancer

    Problems begin when the DNA gets damaged in some way and reproduces to create an abnormal cell that our body does not fix or destroy. Scientists know that our frankly miraculous bodies can function with cells that have one or more DNA copying errors. A single error or new mutation, even when passed on to many new cells, is not cancer. Cancer happens when a cell takes many “hits” to its DNA, so that the cell's basic function is compromised, especially when the compromised function relates to cell growth or cell death. Cancer cells are cells that multiply out of control, do not perform their original function, and do not die when they should. These new damaged cells reproduce and make more damaged cells, eventually growing large enough to form a tumor that can be identified through screening methods.

    It takes approximately six years for a single breast cancer cell to divide enough times to become a tumor large enough to be seen on a mammogram and ten years for it to become a tumor large enough to feel. By that time, the single cancer cell has become billions of cancer cells. If you have been diagnosed with breast cancer based on an observed tumor, you most likely have had it for a very long time.

    I look just like my dad so I figure I am not as much at risk for my mom's cancer.

    —Lily

    WHY DOES A MUTATED BRCA GENE MATTER?

    Because our chromosomes come in matched pairs, we have two copies of each BRCA gene, one inherited from our mother and one from our father. A BRCA gene is said to be mutated if it has missing nucleotides, extra nucleotides, large rearrangements of nucleotides, or substitutions of one letter for another. If the particular mutation is known to affect the gene's function in producing its protein, it is classified as deleterious. If you have a deleterious mutation, you have one copy of a BRCA gene that can no longer perform its tumor suppressor and DNA repair jobs.

    Fortunately for us, the other, properly functioning copy of the gene will produce the protein that does these jobs. The problem arises when we accumulate multiple mutations in our DNA, including any that knock out the ability of our one good BRCA gene to produce its critical protein. If we have a cell without any working copy of BRCA1 or BRCA2 and that cell sustains DNA damage that causes it to become abnormal, it lacks the mechanism for fixing the problem or putting the brakes on further cell replication to prevent cancer development. This abnormal cell will not get the message to die and will multiply uncontrollably. This is how tumors develop.

    WHO HAS BRCA MUTATIONS?

    The discovery of the BRCA genes has led to “the testing age,” a time when people like me can decide if we want a peek at our potential destiny by examining the information stored in our genes. Many studies have been done to estimate the frequency of BRCA-mutation carriers in different populations of the world. Unlike other cancer predisposition genes, where new mutations frequently occur spontaneously and an affected person is the first in their family to have the mutation, overwhelmingly, BRCA mutations are stable, resulting from an ancestral mutation passed on through many generations. Although there are a few isolated case reports in the literature that have proven spontaneous new BRCA mutations, most BRCA mutations are inherited.4

    In the general US population, breast cancer strikes one in eight women, but only about one in five hundred people—both men and women—carry a BRCA mutation.5 As more women began to undergo testing, scientists discovered that although there are thousands of potential mutations on the two BRCA genes, most Jewish breast cancer families had one of three mutations, two on the BRCA1 gene and one on the BRCA2 gene. These are called “founder” mutations because they likely came from a common ancestor or founder and are common in this population.

    These founder mutations—which are common in a variety of ethnic groups—are due to population genetic effects, that is, geographically or socially isolated groups or mass genocide (such as the Holocaust) resulting in a narrow reproductive pool.6 The frequency of mutations in some of these populations, such as Eastern European Ashkenazi Jewish, French Canadian, and Icelandic populations, can be as high as one in forty.7 The frequency of BRCA mutations in Ashkenazi Jewish women is roughly one in forty, although one in three Ashkenazi Jewish women with ovarian cancer will have a mutation.8

    WHAT ABOUT HEREDITARY CANCER IN FAMILIES WITHOUT BRCA MUTATIONS?

    Over the past decade, many scientists have unsuccessfully sought a BRCA3 gene; most experts now believe that it doesn't exist.9 Nonetheless, Mary-Claire King and other researchers continue to seek the genetic basis of cancer in families with high concentrations of breast cancer where the BRCA genes are not the culprits. In some families, breast cancer incidence can be traced to other genes and syndromes in which increased breast cancer is a hallmark. Genes that interact with known, high-risk genes are also being studied as possible causes of familial breast cancer and have been shown to affect breast cancer risk in certain populations. (See appendix 1.)

    SUMMARY

    The field of human genetics is a relatively young, complex, and rapidly evolving discipline. The impact of changes in our genes on the development of disease is being studied across all medical specialties. Those of us with a family history of breast or ovarian cancer benefit from an ever-expanding body of research that analyzes our risks as well as the prevention and treatment options available to us. But while the era of personalized medicine is at hand, finding doctors who are versed in this highly specialized field can be a challenge; even doctors who graduated medical school as recently as fifteen years ago may have little training in this field. In the next chapter we will discuss how to find the right doctor to help you assess your hereditary risk and how to approach genetic testing.
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    Genetic testing didn't change who I was, it just told me what I always had been.

    —Sivan

    WHAT IS GENETIC COUNSELING?

    A genetic counselor is a medical professional with specialized training in both medical genetics and counseling. Genetic counselors are trained to examine family histories and estimate the likelihood that a disease in your family may have a genetic cause. Many genetic counselors have a master's degree in genetic counseling; others may have degrees in related health fields such as nursing or social work. The American Board of Genetic Counseling certifies genetic counselors. And all certified genetic counselors must undertake continuing education to stay up-to-date and maintain their certification.

    Genetic counselors are usually supervised by medical geneticists or oncologists. A medical geneticist is a physician with additional special training in genetics. In addition to being able to discuss and order appropriate genetic tests, a geneticist can perform a physical exam to exclude rare syndromes that can lead to cancer susceptibility, and order imaging and blood tests to manage high-risk patients. If you go to a cancer genetics clinic for your risk assessment you may be seen first by a genetic counselor before seeing the geneticist, or you may see only one or the other on any given visit. Either a medical geneticist or a genetic counselor can act as a genetic counselor. (Dr. Gordon is both a medical geneticist and a certified genetic counselor.) Although we use the term “genetic counselor” throughout this chapter, the term includes all medical genetics professionals.

    Genetic counseling involves meeting with a genetic counselor to educate you about:

    
      	the genetics of cancer,

      	the likelihood that you carry a gene that increases your risk of cancer (an individual assessment based on your personal health history as well as your family history),

      	the benefits, risks, and limitations of genetic testing,

      	selecting the appropriate genetic test for you (again, an individualized decision based on your personal health history and your family history),

      	the likelihood that you will develop cancer, based on your test results,

      	the privacy of your test results, and

      	laws related to genetic discrimination.

    

    Genetic counselors are trained to help you sort through the often difficult emotional reactions to finding out that you are at high risk for cancer. They can:

    
      	help you make informed decisions about moving forward with your care after your test results, including explaining options relating to screening and prevention,

      	be a sounding board for your feelings as you go through this process of managing your risk of disease, and

      	be a resource for connecting you with other medical professionals who can help you along your journey.

    


    What Information Do I Need to Provide to My Genetic Counselor?

    
      	Your medical records. If you have been diagnosed with cancer, be sure to bring your medical records, especially pathology reports. If you have had any biopsies for suspected cancer, be sure to bring the doctor's notes and pathology reports.

      	The cancer history of your children, siblings, parents, grandparents, and great-grandparents, including dates of diagnosis, type of diagnosis, treatment, and outcome. If these family members are no longer living, also provide information on their age at the time of death and the cause of death.
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