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To all those dealing with breast cancer, with the hope that in the near future a cure will relegate this book to history.


Dr. Susan Love passed away from a recurrence of leukemia on July 2, 2023, three days after the last edits were sent in for the seventh edition.
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Introduction to the Seventh Edition


I did not expect to be writing an introduction to the seventh edition of my book, especially having written that the sixth was likely to be my last. This new edition came to light through the efforts of a supportive and energetic team. Just the kind of team you want to have by your side when confronting a serious and scary disease like breast cancer.


So much has happened in the three decades since the first book was published. Over the years we have witnessed a slow revolution in the way breast cancer is approached and how scientific research and medicine evolve.


In my first edition I explained what was then a new paradigm—that the most lethal part of breast cancer was the cells that may have spread into other parts of the body before diagnosis. At that time the addition of hormone therapy and then chemotherapy to the initial treatment of the disease was an exciting result of the new way of thinking. It also established the limitations of excessive surgery as the sole approach. The result has been a definite improvement in overall survival for many people with breast cancer.


But our belief that all breast cancers were the same and should be treated the same was wrong, as was the idea that more aggressive tumors required more aggressive treatments. At the time this had led to a high-dose chemotherapy and then stem cell rescue in an effort to kill every cancer cell—whether it was hiding somewhere or not. But ultimately this more aggressive approach proved no better than regular-dose chemotherapy.


Later observations suggested that cancer cells might be influenced by their surroundings. In the clinics, doctors noticed that some cancers were sensitive to hormones, whereas others weren’t, and that some cancers had different molecular patterns that seemed to define their behavior.


Now we know that there are several different molecular subtypes of breast cancer, and each probably develops from a different step in the evolution of a tumor. That alone leads to the need to determine which subtype of cancer a person has at any particular time, then to personalize the treatment to match. We also have become aware that cancer cells do not function in isolation—the local and systemic environment plays an important role in goading them on.


Our sixth edition explored new findings on molecular markers and how cancer evades the immune system. We found that many cancers are made up of a variety of cancer cells as identified by molecular markers, leading to the possibility that a metastatic tumor may not match the original. We have tended to identify the dominant subtype and focus our treatments on it. Sometimes that works, but other times it allows less dominant molecular types to emerge. This means that we need to keep checking what type of cells we are dealing with but also that we may need a more systemic approach. That is where all the latest research and excitement with the immune system come into play—it is the security system that has the ability to adapt to the different types of cancer cells and destroy them when possible.


We now know that cancer cells do not function in isolation—you need more than a mutated cell to get actual cancer. You need it to be in a local environment, a sort of neighborhood that eggs it on. A bad cell in a good neighborhood will stay dormant most of the time, but if the neighborhood changes, there is likely to be trouble. This gives us a new way to think about risk factors, screening, and treatment. Without abandoning the goal to kill as many cancer cells as possible, we can also try to improve the neighborhood with healthy lifestyle changes.


In the past decade I have had my own experience with cancer, although it was leukemia (AML) rather than breast cancer. This taught me a lot about what it feels like to be a patient with no expertise, dependent on a good medical team, family, and friends to get you through. My experience taught me that even successful treatments come with a significant cost—the collateral damage—that we tend not to talk about. The chapter on “After Breast Cancer Treatment” reflects not only growing research on this damage but also ways to deal with it.


As this last edition is wrapped up, I am enrolled in a clinical trial to treat a recurrence of leukemia after nine cancer-free years. New breakthroughs in immunotherapy are particularly pertinent to me as I undergo a similar process as that used for metastatic breast cancer to jump-start my own immune cells.


Since the last edition, we have seen new drugs, new treatment combinations, and an increased understanding of how cancer subverts the immune system. There are more than a dozen new drugs being tested to alter and degrade estrogen receptors on cancer cells and several targeted immunotherapy drugs for specific subsets of cancer. There are also additional options for metastatic cancer, with new drugs and treatment options. In the first edition I did not even include metastatic disease because people died so quickly and there was so little we could do. Thank God this has changed a lot in thirty-two years. The treatments are much better, although still not good enough, and many people have been living with metastatic disease for ten years and more. In fact, not only are there advocacy groups for people with metastatic disease: there are numerous ones. If we could understand how to keep cancer cells dormant or put them back to sleep, metastatic disease could well become chronic rather than acute. This is certainly an important goal.


I truly believe we can be the generation that ends breast cancer. And we have to do it! We owe it to all the wonderful people who have died of this disease to make sure it ends with us. That is a fight I will not give up! I hope you will join me.














PART ONE


The Healthy Breast and Common Problems














CHAPTER 1


The Breast
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If you’re reading this book, it’s probably because you’ve come to think of the breast in terms of breast cancer: either it has the disease, or you’re worried the disease may develop. But I think it is important to start your reading with a quick review of just what the breast actually is and does.


Your breast is the only organ in your body that you are not born with. You come into the world with a nipple and lots of potential: some cells behind the nipple that, given the right hormonal stimulation, will grow and become a breast. These are called stem cells. I like to think these stem cells are like those capsules you had as a kid that held collapsed sponge animals. When you added water, a sponge animal appeared. In the breast, what is added to the cells are certain hormones. These hormones cause your nipple to grow, and then a whole breast. When you get pregnant, the hormones take the breast tissue to the next level, making it ready to turn blood into milk to nurse a baby. The breast milk not only nourishes, it also passes on immunity to friendly bacteria and viruses needed to colonize the child’s gut. Once that job is over, the breast cleans up all the milk-making cells and ducts and then makes new ones—to prepare for the next pregnancy. This continues for decades. When menopause comes along, this remarkable organ goes into retirement and just hangs out, literally and figuratively. Men’s breasts develop similarly, but without that crucial role in pregnancy. Finally, despite all their marvels, it’s important to know that you can live without breasts. People do it all the time. Still, breasts are pretty great and deserve some praise beyond their outward beauty!


Understanding a bit about anatomy will make much of the rest of the book clearer. The breast itself is usually tear-shaped (Figures 1.1 and 1.2). There’s breast tissue from the collarbone all the way down to the last few ribs, and from the breastbone in the middle of the chest to the back of the armpit. This becomes most obvious when you are pregnant and the tissue responds to the call to action. You suddenly notice parts of the breast you did not know you had. This, however, is also why it is impossible to tell a person with cancer that you removed all their breast. Unfortunately, breast tissue does not come in a different color or consistency than the surrounding flesh.
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Figure 1.1








Luckily, removing most of the tissue is sufficient most of the time for people seeking prevention or treatment of breast cancer.


Often there’s a ridge of fat at the bottom of the breast—the inframammary ridge (Figure 1.3). This ridge is perfectly normal, the result of that fact that we walk upright and our breasts fold over themselves. Plastic surgeons take great care to reproduce this ridge when reconstructing a breast so that it will actually hang normally.
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Figure 1.2








The areola is the darker area of the skin surrounding the nipple (Figure 1.4). Its size and shape varies from person to person, and its color varies according to complexion. In most people it gets darker after the first pregnancy. There are hair follicles around the nipple, so most people have at least some nipple hair. It’s perfectly natural, and you can ignore it. If you don’t like it, you can shave it off, pluck it out, use electrolysis, or get rid of it any sensible way you want—it’s just like leg or armpit hair except softer. You may also notice little bumps around the areola that look like goose pimples. These are the little glands known as Montgomery’s glands. The nipple also has sebaceous glands, which I’ll talk about later on in this chapter.
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Figure 1.3








Sometimes nipples are “shy”: when they’re stimulated, instead of becoming erect they retreat into themselves and become temporarily inverted. This is nothing to worry about; it has no effect on milk supply, breastfeeding, sexual pleasure, or anything else. It is different when nipples suddenly become permanently inverted (see Chapter 2).


Inside, the breast tissue is sandwiched between layers of fat, behind which is the chest muscle. The fat has some give to it, which is why we bounce. The breast tissue is firm and rubbery. One of my patients told me while I was operating on her that she thought the breast was constructed like a woman—soft and pliant on the outside, and tough underneath. The breast also has its share of the connective tissue that holds the entire body together. This tissue has a solid structure—like gelatin—within which other kinds of tissues are loosely set. Sometimes called the stroma, it is getting more attention as recent studies show its importance in breast cancer.


Like the rest of the body, the breast has arteries, veins, and nerves. There is another, almost parallel, network called the lymphatic system, which consists of lymph vessels and lymph nodes. These recycle and filter lymph to help the body fight infection. The job of the lymphatic network is to collect the debris from the cells and strain it through the lymph nodes found scattered in nests throughout the body; it then sends the filtered fluid back into the bloodstream to be reused (Figure 1.5). This system does more than just recycle, however. In the process of filtering the unnecessary fluid, the lymph nodes record what is in it. If there is anything threatening—a bacterial cell, a bit of material foreign to the body, or a virus—they hold on to it and use it to develop an immune response (see Chapter 3). They send cells to identify the invader and make antibodies to fight it. The lymph nodes are important when we talk about the way breast cancer spreads later in the book. It is crucial to identify which lymph vessels and which lymph nodes drain a particular area of the breast so that these nodes can be removed and examined for signs of cancer.
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Figure 1.4








THE BREAST: AN INTERACTIVE COMMUNITY


During most of my career the critical component of the breast has been thought to be the system of milk ducts, with everything else just along for the ride. Yet there has been little research on the actual anatomy of the breast ducts. So I have devoted much of my own research to the subject.


Over the years my studies1 have confirmed the findings of other researchers.2 When we try to insert a tube (called a cannula) into the openings of the milk duct on the surface of the nipple, we find that there are between five and eight openings3 (Figure 1.6). But this may be deceiving. When we examine a breast that has been removed and cut horizontally across the nipple, more ducts appear to exist—between fifteen and twenty-two ductlike structures.4 This puzzle has still not been completely resolved, but recent work suggests that some of the ducts meet together inside the breast before they exit the nipple, thus sharing an opening, while others exit the nipple separately. In addition, some of what appear to be ducts may be something else: little glands that make a sebaceous material—a white, oily substance—and join with the milk duct. These sebaceous glands are found all over the body. We don’t know what they’re for, or why there are so many around the nipple. My own theory is that they provide a coating that protects the skin—sort of your own little skin-care system. The nipple, designed to be sucked on, is especially vulnerable to getting chapped and sore, so having a lot of these glands makes sense.
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Figure 1.5
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Figure 1.6
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Figure 1.7








My colleagues and I studied the anatomy of the breast beyond the nipple, using both autopsies and breasts removed by mastectomy (with the patients’ permission). We learned that the duct opening in the nipple leads into the breast in a straight line for a very short distance—only about a centimeter (less than one half inch). There’s a little sphincter muscle here that prevents milk from squirting out when a breastfeeding parent is not nursing their baby. Behind that is a little antechamber called the lactiferous sinus. From there, the ductal system, like a tree, breaks up into little branches that go to the back of the breast. These branches are the ducts. Leafing out at the end of each branch are the lobules, which make the breast milk and then send it through the ducts to the nipple (Figure 1.7). Each ductal system is independent of all the others; each creates milk separately. They coexist, but they don’t connect with one another. Each ductal system is completely lined or “tiled” by a single layer of small cells that completely coat the inside of the whole structure from the nipple to the very last branch closest to the chest wall. Breast cancer was thought to arise from changes in these lining cells, as we will see later. Initially we believed if we could selectively remove these lining cells from the inside of the ductal system when it is no longer needed for breastfeeding, we would be able to eliminate breast cancer. But recent studies have since shown that it isn’t quite so simple. It turns out that the cells living around the ducts and lobules—fat cells, fibrous cells, and white blood cells—are as specialized and important as the cells lining the inside of the ducts and lobules. The cells all influence one another in a complex community that creates the breast’s versatility, allowing it to go from the resting state to pregnancy and milk production and back to the resting state (Figure 1.8). What we do know is that when this interaction goes awry, it probably produces the environment that promotes cancer development and growth (see Chapter 3).


Supporting Cast


Besides the breast itself, there are two other organs that play an important role in breast cancer. These are the ovaries and the adrenal glands. These produce hormones that come into play in our current understanding of breast cancer and its treatment.


The Role of the Ovary


The Menstruating Years. From puberty on, the ovary produces the key hormones—estrogen and progesterone—needed to prepare for a pregnancy each month (Figure 1.9). This monthly process includes the breast. As the hormones stimulate the breast, we experience a familiar cyclical pattern of swelling, lumpiness, pain, and tenderness. This pattern, which involves over forty years of our reproductive lives, gives ample opportunity for minor changes in the breast to occur, resulting in many of the benign problems that people frequently experience (see Chapter 2).
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Figure 1.8








Menopause. We used to assume that after menopause, when it is no longer capable of making eggs, the ovary shrivels up, dries out, and becomes completely useless. This resulted in part from the fact that we could not detect estrogen levels in the blood. Now we understand that with menopause, the ovary shifts from production of hormones to making the precursors of hormones and letting the organs themselves produce the final product. This is done by the stroma, or background tissue, in which eggs are embedded. In youth you have more eggs and less stroma. As time goes on, you have fewer and fewer eggs and more and more stroma. The stroma gives up the cyclical rhythm of the menstruating years and produces testosterone, and androstenedione—which are then converted into estrogen and progesterone in the breasts as well as in the bones, liver, and brain. This is why no estrogen was found in the blood—it is only the precursors of estrogen that circulate after menopause.5 The hormonal dance doesn’t end; the band just strikes up a different tune (see Figure 1.10).


Testosterone, of course, is a male hormone. But don’t worry: you’re not going to grow a beard, though you may find a few hairs on your chin. Much of a woman’s testosterone and androstenedione is converted throughout the body to estrone, a form of estrogen, by an enzyme called aromatase. This continued production of hormones varies somewhat from one person to the next and may well explain some of the individual differences in symptoms after menopause. It also explains why people who have both ovaries removed surgically, thus losing all these hormones, often have worse symptoms of menopause and increased vulnerability to cardiovascular disease and osteoporosis.6


What all this means is that the ovaries have more than one function. Reproduction is their most dramatic task, but it isn’t the only one. These organs have as much to do with the maintenance of the person’s own life as they do with that person’s role in bringing other lives into the world. A former medical colleague of mine, Bill Parker, confirmed the important role of the ovary postmenopausally when he demonstrated that people who had their ovaries removed preventively during hysterectomy had an overall increase in mortality compared to people who kept their ovaries. This was even though they had less breast and ovarian cancer.7 The menopausal ovary is neither failing nor useless. It’s simply beginning to shift from a reproductive function to a maintenance one. It’s doing in midlife exactly what many people do—changing careers.


And what about the breasts? Clearly menopause is the ultimate involution—the breasts get the message that they will not be called into active duty again and can finally rest. But nothing is ever that simple. Different people have different levels of hormones after menopause, depending on several factors. If a person has reached menopause through surgery such as hysterectomy, or through chemotherapy, their hormone levels will change more dramatically than if they go through it naturally. Even in the latter case, however, some people naturally have higher levels of estrogen or testosterone, which will cause higher rates of vulnerability to breast cancer. We have observed, for example, that people with osteoporosis have 60 percent less breast cancer than those with normal bone density, and we believe that this is probably due to natural estrogen levels. If you have relatively high levels of estrogen in your body postmenopausally, you will have good bones and bad breasts; on the other hand, if your estrogen levels are lower, you will have good breasts and bad bones.
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Figure 1.9
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Figure 1.10








These differences in residual hormonal stimulation may be seen on a mammogram. A person’s hormone levels may make the stroma appear denser than that of someone whose breasts have totally gone into retirement and become mostly ducts suspended in fat.


Synthetic Hormones


Giving people hormones (estrogen and usually progestins) can result in hormone-sensitive breast tumors (see Chapter 6). Also, people on postmenopausal hormones often, but not always, experience an increase in breast density, known to be a risk factor for breast cancer (see Chapter 5). Yet not every person who takes postmenopausal hormones gets breast cancer. It is likely that some people are more sensitive to postmenopausal hormones than others. Which ones and why remains a subject of much research. Recent studies suggest that mammographic breast density (see Chapter 7) may give us a hint. Karla Kerlikowske showed that postmenopausal people who still had dense breasts on a mammogram had a higher risk of cancer than those with fatty breasts.8


In addition, recent studies have shown that breast tissue itself has the enzyme aromatase, as noted earlier, which can convert testosterone and androstenedione into estrogen. This means that estrogen levels in the breast may indeed be higher than those in the rest of the body after menopause and may explain the estrogen-sensitive cancers that can occur at this age. Our increasing understanding of the postmenopausal breast’s response to hormones will give us further insight into the cause of breast cancer after menopause.


Getting Acquainted


All this information can be intriguing and may lead you to a desire to get acquainted with your own breasts. This is a good idea, whether you are newly diagnosed or just worried. Those newly diagnosed may want to pay attention to how their breasts look and what is important to them as they try to figure out what surgical treatments are best for them. Those who have not been diagnosed will want to get to know what is normal for them so that they will recognize a change. And those who have had breast cancer will need to become acquainted with their new normal.


To start this process, look at your breasts. Stand in front of a mirror and look at yourself. See how your breasts hang and get a sense of how they project. If you’re young they’ll tend to stick out; if you’re older they’ll tend to be droopier. Feel the inframammary ridge, where the breast folds over itself, and the underlying muscles, the pectorals. Look at your nipple—what color is it? Does it have hairs or little bumps on it? If so, that’s perfectly normal. You may want to swing your arms around and watch how your breasts move, or don’t move, with the motion. Put your hands on your hips; flex your muscles; stretch your arms up. How do your breasts look with each change of position?


It’s important to do this without judging your appearance. You’re not trying out for a Playboy centerfold; you’re learning about your body. Forget everything you’ve learned about what breasts are supposed to look like. These are your breasts, and they look fine.


The next step is to feel your breasts. It’s best to do this soaped up in the shower or bath so your hands can slip very easily over your skin. Put the hand of the side you want to explore behind your head. This shifts the breast tissue that’s beneath your armpit to over your chest wall. Since the tissue is sandwiched between your skin and your chest bones, you have good access to it. If you’re very large breasted you may want to do it lying down, in the bathtub, or even in bed. You can then roll on one side and then the other to shift the breast closer to your chest wall so you can get a better feel for it.


Breast tissue generally has a texture that is finely nodular or granular, like large seeds. A lot of this more or less bumpy feeling is caused by the normal fat that intermingles with the breast tissue. Lumpy breasts have inspired some of the most unfortunate misconceptions about our bodies. Often this lumpiness gets confused with actual breast lumps, as discussed in Chapter 2. But lumpiness itself often gets bad press. People have been told their lumpy breasts are symptoms of “fibrocystic disease” (see Chapter 2) and have suffered from needless anxiety, fear, and even disfiguring surgery.


Lumpy breasts are caused by the way the breast tissue forms itself. In some people the breast tissue is fairly fine and thus not perceived as “lumpy.” Others clearly have lumpy breasts, which can feel somewhat like cobblestone paving. Still others are somewhere between the extremes—just a bit nodular. There’s nothing unusual about this—breasts vary as much as any other part of the body. Just as some people are tall and some short and some are fair-skinned and some dark, some have lumpier breasts and some have smoother breasts. There can even be differences within the same person’s breasts. Your breasts may be a little more nodular near your armpit or at the top, for example, and the pattern may be the same in both breasts or may occur only in one. You’ll find if you explore your breasts that there’s a general, fairly consistent pattern. It’s important to get a sense of what your pattern is.


Variations in Breast Development


Healthy breasts come in many different shapes and sizes. There’s nothing “abnormal” about large, small, or asymmetrical breasts, or about extra nipples (Figure 1.11).


Common variations in breast development fall into one of two categories: those that are obvious from birth and those that don’t show themselves until puberty. The latter are far more frequent.


(There are also variations due to accident or illness, the surgical remedies for which are essentially the same as those used for genetic variations.)


Variations Apparent at Birth. The most common variation to appear at birth is polymastia—an extra nipple or nipples. These can appear anywhere along the milk ridge (see Figure 1.12). Usually the milk ridge—a throwback to the days when we were animals with many nipples—regresses before birth, but in some people it remains throughout life. Between 1 and 5 percent of the population has extra nipples, usually inherited from their birth parent. Usually they’re below the breast, and often people don’t even know they’re there, since they look like moles. When I would point out an extra nipple to a patient, it was usually the first time they had been aware of it.
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Figure 1.11








Extra nipples cause no problems and usually don’t appear cosmetically unattractive. One patient was actually fond of her extra nipple: she told me that her husband had one too, and that’s how they knew they were meant for each other!


Extra nipples don’t cause any problems, though they may lactate if you breastfeed. There’s nothing wrong with this unless it causes you discomfort.


A variation of the extra nipple is extra breast tissue without a nipple, most often under the armpit. It may feel like hard, cystlike lumps that swell and hurt when you menstruate, the way your breasts do. Like extra nipples, this extra breast tissue is often unnoticed by doctor and patient. One of my patients had swelling under both armpits during her second pregnancy. It was probably caused by extra breast tissue, and it went down after she finished lactating. The extra tissue is subject to all the problems of normally situated tissue. I have had patients with cysts, fibroadenomas, or even cancers in such tissue.
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Figure 1.12








Unless the extra nipple or breast tissue causes you extreme physical discomfort or psychological distress, there’s no need to worry about it. If it does bother you, it’s easy to get rid of surgically. The nipple can be removed under local anesthetic in your doctor’s office, and the extra breast tissue can be removed under either local or general anesthetic.


A much rarer condition is amastia—being born with a breast that has breast tissue but no nipple. It’s usually associated with problems in the development of the chest bone and muscles, like scoliosis and rib deformities. Aside from whatever medical procedures you may need because of the associated problems, you may want to have a fake nipple created by a plastic surgeon, in the same way a nipple is created during reconstruction after a mastectomy (see Chapter 13). The nipple can be created using skin from the breast, and the areola can be tattooed on or created using a skin graft, commonly from the inner thigh. Though this artificial nipple will look real, it won’t feel completely like a real nipple. Its advantages are wholly cosmetic.


Some people have an underdeveloped breast on one side. This condition is sometimes called Poland syndrome, and it involves not just the breast but also the pectoralis muscle and the ribs, as well as, in some cases, abnormalities of the hand. A person with Poland syndrome may have a small but very deformed breast.


There is another condition in which people have permanently inverted nipples (they grow in instead of out)—a congenital condition that usually won’t manifest until puberty.


Various injuries can affect breast development. This may happen surgically or with trauma. If the nipple and breast bud are seriously injured before puberty, the potential adult breast is destroyed as well. Sometimes injuring the skin can limit future breast development. Most commonly this occurs as a result of a severe burn. The resulting scars are so tight that breast tissue cannot develop. In the past, some congenital conditions such as hemangiomas (birthmarks) were treated with radiation, which damaged the nipple and breast bud and prevented later growth. Any serious injury to the breast bud can cause such arrested development.


Variations Appearing at Puberty. Three basic variations appear when the breasts begin to develop: very large breasts, very small breasts, and asymmetrical breasts.


Very Large Breasts. Very large breasts can occur early in puberty—a condition known as virginal hypertrophy. After the breasts begin to grow, the shutoff mechanism, whatever it is, forgets to do its job and the breasts keep on growing, becoming huge and greatly out of proportion to the rest of the body. Sometimes the condition runs in families. In very rare instances, virginal hypertrophy occurs in one breast and not the other. “Large” is both subjective and variable. A five-foot-tall person with a C cup is very large breasted; a five-foot-eight person with a C cup may not feel especially uncomfortable with their size. A five-foot-eight person with a DD cup is likely to be very uncomfortable.


Large breasts have been a problem for a number of my patients. “I almost never wear a bathing suit,” one patient told me, “because people stare at my breasts.” Another, at age 71, still “hunches over” when she walks to avoid having her breasts stared at.


Huge breasts can be especially distressful to a teenage girl. She faces ridicule from her schoolmates, and—unlike the small-breasted girl—extreme physical discomfort as well. She may be unable to participate in sports, and she may have severe backache all the time. She usually needs a bra to hold the breasts in, but the bra, pulled down by the weight of the breasts, can dig painful ridges into her shoulders.


If the breasts cause this much discomfort, the girl may want to have reduction surgery done while she’s still in her teens. However, the surgical trauma involved in breast reduction can interfere with the ability to breastfeed. For this reason, some parents refuse to let their daughters have reduction surgery, urging them to wait until they’ve had children. Both parent and daughter must weigh the physical and emotional damage the girl may go through. If she decides to have children, pregnancy may worsen her problem. When the breasts become engorged with milk, they become even larger and, in a woman with huge breasts, more uncomfortable. Though it’s unfortunate that someone so young is faced with a decision that affects her whole life, it’s important to realize that not having the surgery will also affect her life. Many girls of fifteen or sixteen are mature enough to make their own decisions if all the facts are carefully explained to them, including the possibility of bottle-feeding. In any case, the losses and gains of either choice are the girl’s, and she should be given the right and the time to decide for herself what to do. She should be encouraged to talk to doctors, mothers of young children, and very large-breasted women; to read all the material she can find about the pros and cons of the procedure and of breastfeeding; and to make her decision only when she feels she is fully informed.


Not all problems with huge breasts appear right after puberty. Some comfortably large-breasted individuals find that their breasts have expanded considerably after pregnancy; others become uncomfortable after their breast size has increased with an overall weight gain or after menopause. Many surgeons are reluctant to operate when the increase came with weight gain, preferring to wait until the patient has lost weight because of the increased risk of wound-healing complications. However, I’ve known people who were so depressed by their huge breasts that they compensated by overeating, thus intensifying both problems. In such cases, the pleasing appearance of their breasts created by reduction surgery can be a spur to continue their self-improvement.


In any case, the individual must make the decision; she’s the one who lives with the problem and she’s the one who can best judge its impact on her life. Some women with very large breasts don’t mind them. One patient, who admits they cause her discomfort, says that she nonetheless enjoys their size because, she says, “they feel feminine and sexy.”


Very Small Breasts. The opposite problem is extreme flat chestedness. Like “large breasted,” the notion of “small breasted” is subjective and relative, and culturally determined. Some women, however, have breasts so small as to be almost nonexistent. This causes no physical or medical problems but can make a woman feel unattractive and sexless.


Because very small breasts can both feed babies and respond sexually, they don’t bother some women. Simply wearing “falsies” or padded bras satisfies others. Some want to have the breasts altered surgically.


Asymmetrical Breasts. In most individuals breasts develop unevenly to some degree, but in some they develop quite differently, resulting in severe asymmetry. For someone who is bothered by this, plastic surgery can help achieve a reasonable match. Either the larger breast can be reduced or the smaller one augmented—or a combination of both can be done. It’s important for the surgeon to discuss these options. Often we assume that a woman will want her small breast made larger and neglect to suggest the possibility of reducing the larger breast. What the patient decides will depend on the size of both breasts, the degree of asymmetry, and above all her own aesthetic goals.


It’s fortunate that plastic surgery techniques exist for people who want them. But don’t assume that because you have atypical-looking breasts, you have to get them altered. Many women are quite pleased with how their breasts look.


Thinking About Plastic Surgery


For a woman deeply unhappy with the way her breasts look, plastic surgery offers a solution that can make a major psychological difference in her life. No operation will make you look “perfect”—whatever that is—but these procedures can help you feel more normal and more comfortable in your body. Most of us have an emotional relationship with our breasts. Beyond size, consider issues like personal sense of style or breast sensation as it pertains to sexual intimacy and activities ranging from hugging a child to athletic performance. How much do symmetry and aesthetics matter to you and how might they affect sensation?














CHAPTER 2


Common Breast Problems
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In the first edition of this book, I wrote about the common use of the term “fibrocystic disease,” which doctors once used to describe a number of symptoms, often with no relation to one another, such as painful breasts, lumpy breasts, and breasts that got swollen and firm before a person’s period. It seemed to me that “fibrocystic disease” meant “we don’t know what is wrong with you but it isn’t cancer so we are not going to pay attention to it.” The term had no real meaning even though the symptoms were very real. So I began to call it a “garbage” term that lumps everything not related to breast cancer into one bucket (Figure 2.1). Luckily for us, over the past twenty-five years, a few researchers have focused on benign (noncancerous) breast problems and found that many of these conditions are related to various processes of reproductive life, with a spectrum that ranges from normal to atypical and, occasionally, to disease. As the breasts develop, go through the changes of pregnancy and lactation, and finally wind down with menopause, the potential for variations in timing, coordination, and resolution are enormous. These variations form the basis for most conditions that some consider benign breast disease.


Unfortunately some doctors still tell patients they have fibrocystic disease, as I have discovered from the comments people have sent to me on Facebook. And some people, having been told this years ago, still believe they have it. This might be harmless, except that it keeps patients from knowing precisely what their real condition is and, thus, whether it needs to be treated. Further, most of the conditions called “fibrocystic disease” are simply normal variations—they are not diseases, “fibrocystic” or otherwise.
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Figure 2.1








In the following section I discuss the various kinds of benign breast problems people experience and try to give you a better understanding of what is really going on and how—or whether—it should be treated.


LUMPS AND LUMPINESS


Lumpiness, as I explained in Chapter 1, isn’t the same as having one dominant lump. It’s a general pattern of many little lumps in both breasts, and it is usually perfectly normal. The distinction between “lumps” and “lumpiness” is important; confusing the two can cause a person days and weeks of needless mental anguish. Doctors who don’t usually work with breast cancer—family practitioners and gynecologists—often get nervous about lumpy breasts and fear that the lumps may be cancer. So your doctor may send you to a specialist—a surgeon or a breast specialist—to make sure you don’t have a cancerous lump. If you or your doctor are uncertain about whether you’ve got a lump or just lumpy breasts, it’s probably not a bad idea to check it out further. But understanding more about what a lump really feels like may make the trip to the specialist unnecessary.


Ellen Mahoney, a fellow breast surgeon, tells her patients to visualize what their breasts may be like inside—from butter to gravel to Bubble Wrap—and if it’s the same all over, it’s just the way they’re made. The only area to be concerned about is one that is different from all the rest. The most important thing to know about dominant lumps—benign or malignant—is that they’re almost never subtle. They’re not like little BB pellets; they’re usually at least a centimeter or two, almost an inch, or the size of a grape. The lump will stick out prominently in the midst of the smaller lumps that constitute normal lumpiness. You’ll know it’s something different. In fact, that’s why most breast cancers are found by the person themself—the lumps are so clearly distinct from the rest of the breast tissue.


The obvious question here is: How do I know the BB-size thing isn’t an early cancer? The answer is that you usually don’t feel a malignant lump when it’s small. The cancer has to grow to a large enough size for the body to begin to create a reaction to it—a fibrous, scarlike tissue forms around the cancer, and this, combined with the cancer itself, makes up a lump that you can feel, what we call palpable. The body won’t create that reaction when the cancer is tiny, and you won’t feel the cancerous lump until the reaction is formed. Although very large lumps and multiple lumps are rarely malignant, in this day and age it’s easy enough to get an ultrasound test of the lump. Most breast surgeons have ultrasound in their offices and can check anything worrisome right there. Then if there is any question, they can have you get a diagnostic mammogram as well.


There are three main types of dominant lumps, two of which—cysts and fibroadenomas—are virtually harmless. It’s the third type—the malignant lump—that you’re worrying about when you have it examined by a health care provider. (I’ll talk about cancerous lumps at length in Chapter 8.) It is important to remember that only about one in twelve palpable dominant lumps in premenopausal people are malignant. We often don’t know the exact cause of any of the noncancerous lumps, though we do know they’re somehow related to hormonal variations (see Chapter 1). Cysts and fibroadenomas form during a person’s menstruating years and are probably variations in the formation (fibroadenomas) and shrinking (cysts) that occur in the breast tissue at different times.


CYSTS


Doctors tend to describe all nonmalignant lumps as cysts. They’re not. A cyst is a distinct kind of lump. Typically it occurs in people in their thirties, forties, and early fifties and is most common in people approaching menopause. It rarely occurs in a younger person or in one who is past menopause. However, I’ve had patients in both categories, including a teenager and a woman who’d finished with her menopause long ago and wasn’t on artificial hormones. (A person taking estrogen to combat menopausal symptoms fools their body into thinking it’s still premenopausal.)


A gross cyst (gross meaning “large,” not “disgusting”) is a fluid-filled sac, like a large blister, that grows in breast tissue. It’s smooth on the outside and ballotable—squishy—on the inside, so that if you push on it, you can feel that it contains fluid inside. This, however, can be deceptive. Cysts feel like cysts only when they’re close to the surface (Figure 2.2). Cysts that are deeply embedded in breast tissue tend to stretch that tissue and push it forward, so that what you’re feeling is the hard breast tissue, not the soft cyst. In these cases the cyst feels like a hard lump.


The classic cyst story goes something like this. A person in their forties comes to a specialist and says, “I went to the gynecologist six weeks ago and everything was fine. I had a mammogram, and that was fine too. Then all of a sudden, in the shower last night, I found this lump in my breast, and I know it wasn’t there before.” So the doctor examines the patient and sure enough, there’s a hard lump in their breast.
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Figure 2.2








Because of its overnight appearance, the doctor is pretty sure it’s a harmless cyst, but of course it’s something the doctor—not to mention the patient—wants to be absolutely certain about: some cancers do seem to appear overnight. At this point the doctor has two options. If there’s an ultrasound unit in the office, the lump can be imaged immediately to confirm the diagnosis. The ultrasound test works like radar or sonar. If you have a solid lump, the waves from the ultrasound will bounce back, showing a brighter spot with a dark shadow behind it. If it is a cyst, however, the sound waves will go right through it and there will be a black circle or oval without a shadow (see Chapter 7 to read about mammograms and ultrasound techniques). Once the cyst is diagnosed, the doctor can aspirate it right there. If there’s no ultrasound in the office and the lump is easily palpable, it too can be immediately aspirated. To do this, the doctor takes a tiny needle, like the kind used for insulin injections, and anesthetizes the sensitive skin over the breast lump. Then a larger needle—like the kind used to draw blood—is attached to a syringe and inserted into the breast through the skin and into the cyst, where it draws out the fluid (Figure 2.3). The cyst collapses like a punctured blister, and that’s that. Though the process sounds scary, it’s usually almost painless. Most of the nerves in the breast are in the skin, and that’s been anesthetized. Some people with greater sensitivity to pain or especially sensitive breasts do find it painful, but most don’t. The only possible complications from aspirating a cyst are bruising or bleeding into the cyst, neither of which is more than slightly uncomfortable. Another option is to order an ultrasound at an imaging center and if the area looks like a cyst, an aspiration can be done under ultrasound guidance.
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Figure 2.3








The fluid looks disgusting, but it’s harmless. It can be almost any color, but usually it’s green, brown, or yellow. Sometimes the fluid can even be milk—a person who is breastfeeding can form a milk-filled cyst, called a galactocele, which is treated like any other cyst. There can be any amount of fluid—from a few drops to as much as a cup. One patient came to me with asymmetrical breasts; after I aspirated her cyst, her breasts were the same size.


Usually a person will get only one or two cysts in their entire life. But some get many, and often. A patient who has recurring, multiple cysts should be followed by a breast surgeon who has ultrasound and can monitor the cysts and aspirate them as needed. When a person has multiple cysts, chances are they’ll go on getting them until menopause—only rarely are they a onetime occurrence.


If cysts are harmless, why do we bother to image and/or aspirate them? Mostly because we need to be sure it is a cyst. You can’t be absolutely certain a lump in the breast isn’t cancer until you find out what it really is. Once they know it’s a cyst, doctor and patient can both rest easy.


There are other ways of finding out you have a cyst—it may show up as an area of density on a routine mammogram, and then you can have an ultrasound test done to see whether it’s a cyst or a solid lump. If you’ve discovered a cyst through a mammogram and ultrasound and it doesn’t worry you, don’t bother having it aspirated—you already know it isn’t cancer. Sometimes a cyst is painful, especially if it develops quickly. Aspirating it will usually relieve the pain.


Cysts are almost never malignant. There’s a 1 percent incidence of cancer in cysts, and it’s a seldom dangerous cancer called intracystic papillary carcinoma (Figure 2.4). It usually doesn’t spread beyond the lining of the cyst, and unless there are specific signs that it may be present, it’s not worth risking surgical removal. If there are signs that cancer may be present in the cyst, I’d operate on it—never otherwise, and only if the ultrasound looks suspicious.
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Figure 2.4








Sometimes a doctor will aspirate a cyst and won’t get any fluid. This isn’t a cause for panic; it can happen for a number of reasons. The lump may not be a cyst after all, but a nonmalignant solid lump like those discussed shortly. Or the doctor may have missed the middle of the cyst. The doctor tries to get the cyst between their fingers and then puncture it, but it’s easy to miss the middle, especially in a fairly small cyst. When this happened to me, I’d send the patient for ultrasound and let them aspirate it under direct vision. Operating on a cyst should be only a last resort.


Aspirating a cyst was once thought to be dangerous. If a person had an unknown breast cancer, doctors believed the process of aspiration would spread the cancer over the needle’s track. We now know that’s completely untrue.1 It can be aspirated or left alone.


Cysts don’t increase the risk of cancer. The real risk is mental rather than physical. A person with frequent cysts is likely to feel a lump and shrug it off as just another cyst—only to learn later that it was a malignant growth. Every lump should be checked out to be sure it isn’t dangerous.


FIBROADENOMAS


Another common nonmalignant lump is the fibroadenoma. These lesions come from lobules that are particularly sensitive to estrogen stimulation. They usually develop as the breasts are just getting used to hormonal cycling, during puberty and the teenage years. A fibroadenoma is a smooth, round lump that feels the way most people think a cyst should feel: it’s smooth and hard, like a marble dropped into the breast tissue (Figure 2.5) where it can move around easily. It’s often found near the nipple but can grow anywhere in the breast. It’s also very distinct from the rest of the breast tissue. It can vary from a tiny five millimeters to a lemon-size five centimeters. The largest are called, logically, giant fibroadenomas. Generally fibroadenomas grow over a twelve-month period to a size of about two to three centimeters (from the size of a marble to that of a large grape), and then remain unchanged for several years. About 15 percent will go away on their own, while only 5 to 10 percent continue to grow. Studies in patients who were followed for up to twenty-nine years found that the fibroadenoma often shrank or disappeared. The researchers concluded that a fibroadenoma would probably disappear after five years in approximately 50 percent of cases and after fifteen years the rest of the time.2


A doctor can usually tell simply by feeling the lump that it’s a fibroadenoma; if a needle aspiration is done and no fluid comes out, the doctor knows it isn’t a cyst and is even more convinced it’s a fibroadenoma. The diagnosis can always be confirmed by doing a core biopsy (see Chapter 8) and sending the tissue off to the lab just to make doubly sure. Fibroadenomas are usually distinct on a mammogram or ultrasound test. They are harmless in themselves and don’t need to be removed as long as we’re sure they are fibroadenomas.
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Figure 2.5








Because fibroadenomas develop at puberty, teenagers are more prone to have them and less likely to get breast cancer than are older people, so we may consider not removing them at all unless the patient desires it. In older patients we tend to do a core biopsy of all fibroadenomas, or simply remove them, to be sure they’re not cancer.


If the doctor and the patient want the fibroadenoma removed, it can be easily done under local anesthetic. The surgeon simply makes a small incision, finds the lump, and takes it out (Figure 2.6). (Some surgeons prefer to make a small incision around the nipple and then tunnel their way to the lump, to minimize scarring. I don’t think this is a great idea, and it’s harder to find the lesion that way. If the doctor cuts over the fibroadenoma it’s easier to find and the scarring doesn’t usually remain noticeable in most patients.) If your core biopsy proves that this is a fibroadenoma, there is no need to have it removed unless you want to. Some patients remain nervous knowing there’s a lump in their breast, in which case it’s reasonable to have it removed for peace of mind. Another option has been developed that should appeal to many patients: a minimally invasive procedure in which the fibroadenoma is frozen in place under ultrasound guidance. It is almost painless because the cold is numbing, and it takes about a half hour in a doctor’s office. Within about a year or two the fibroadenoma disappears.3
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Figure 2.6








Usually a person has only one fibroadenoma; it’s removed or treated, and they never get any more. But some people get several over a lifetime—and a few people get many of them. It’s not uncommon to have three or four fibroadenomas in one breast, or for fibroadenomas to grow as large as four centimeters (one and a half inches) in diameter. One of my patients had a fibroadenoma in her left breast, and I removed it. She returned a couple of years later with another one on the exact same spot in her other breast—a kind of mirror image. Occasionally a person will have multiple fibroadenomas at once. After they are removed, more form. I had one patient with this problem, and I must admit it is a difficult one. Obviously a surgeon can’t keep removing them, but equally obviously a person with this condition will be worried. One patient I talked to was told to have prophylactic mastectomies so the surgeon would not have to worry. This is pretty drastic for a benign condition that does not increase breast cancer risk. I’d generally recommend surgery only for the patient’s—not the doctor’s—peace of mind.


Fibroadenomas shouldn’t be confused with fibroids, which by definition exist only in the uterus. There are similarities between the two conditions: in both cases one section of glandular tissue becomes autonomous, growing as a ball in the midst of the rest of the tissue. But there’s no other correlation—having one doesn’t mean you’re likely to get the other. In fact, they usually occur at different stages of life: fibroids when you’re heading toward menopause, fibroadenomas in your teens or early twenties.


However, fibroadenomas can occur at any age, up until menopause. As with cysts, you can get them after menopause if you’re taking hormones that trick your body into thinking it’s premenopausal. As we do more mammograms on a wider range of people, we find more and more fibroadenomas in people in their sixties and seventies. Probably they’ve had them since their teens and simply, in those premammography days, didn’t know about them. There are some rare cancers that can look like fibroadenomas on a mammogram, so in postmenopausal people we usually do either a fine-needle aspiration, a core biopsy, or, if those don’t give us the information, an excisional biopsy (removal of the whole lump), just to make sure it is a fibroadenoma.


There’s also a rare cancer called cystosarcoma phyllodes, or phyllodes tumor (see Chapter 12), which is a cousin to a fibroadenoma. It is found about 1 percent of the time when a surgeon is removing what is thought to be a fibroadenoma. It’s usually a big lump—lemon-size or larger. Generally this is a relatively harmless cancer that doesn’t tend to spread to other parts of the body. Some doctors will insist on removing all fibroadenomas on the theory that this cancer may be present. It’s not a very sensible attitude, especially if a core biopsy has proven that the lump is a fibroadenoma, because of both the rarity and the lack of danger.


Finally, fibroadenomas themselves never turn into cancer. Rarely, a cancer will arise in a fibroadenoma, but it won’t be missed as long as you check the size at diagnosis and at six months. If all is stable, size doesn’t have to be checked again until there is a suspicion of change.


What to Do If You Think You Have a Lump


If you have something that feels like it may be a lump, the first thing to do, obviously, is go to your doctor. If there is any question, they will do an ultrasound or send you to a specialist for one. If you are over thirty, you will have a mammogram to get additional information. The imaging may show evidence of a real lump. If the examination and imaging doesn’t give the surgeon the necessary clarification, it’s wise to do a needle biopsy to find out what it is. With the minimally invasive core biopsy, we can now easily get an answer without surgery. These core biopsies can be done by a surgeon if the lump can be felt or seen on ultrasound or, more often, by a radiologist, mammographer, or ultrasonographer. Find out who in your community has the most experience. In many places there are breast centers where you can have lumps evaluated by someone in the appropriate specialty.


It’s important to stress one thing: if you’re certain that something is wrong with your breast, get it biopsied, whatever the doctor’s diagnosis. Often a person is sure they have a lump, the doctor is sure they don’t, and a year or two later a lump shows up on their mammogram. The patient believes that the doctor was careless. Usually that’s not the case. It’s likely that the patient—who, after all, experiences their breast from both inside and outside, while the doctor can only experience the patient’s breast from outside—has sensed something wrong and interpreted that in terms of the concept most familiar to them: a lump. I’m convinced that this is the basis of many of the malpractice suits that arise when a doctor “fails” to detect what later proves to be cancer. If you really feel something is wrong in your breast, insist on a biopsy. If you’re wrong, you’ll put your mind at rest—and if you’re right, you may just save your own life. It’s a minor procedure with low risks and potentially high gains.


BREAST PAIN


Another common breast symptom is pain—frequently called either mastalgia or mastodynia (one is Latin, the other Greek, and they both translate to “breast pain”). It can run the gamut of discomfort—from a minor irritation a couple of days a month to permanent, nearly disabling agony, and everything in between. A study of 1,171 healthy premenopausal American people revealed that 69 percent suffered from regular discomfort, 36 percent had seen a doctor about their pain, and 11 percent experienced moderate to severe breast pain.4 A study in a clinic in Cardiff, Wales, documented three main categories of breast pain: cyclical (pain related to the menstrual cycle), noncyclical (“trigger zone” pain), and pain that does not originate in the breast. Of these, the most common by far is cyclical.5


The best way to determine which kind of pain you have is to keep a breast pain chart—a calendar where you mark every day whether your pain is severe, mild, or nonexistent.6 In addition, you mark the days of your period. Looking at this, you can easily determine whether your pain is premenstrual or variable (cyclical or noncyclical).


Cyclical Pain


We know that cyclical mastalgia is related to hormonal variations. The breasts are sensitive right before menstruation, then less sensitive once the period begins. For some people, tenderness begins at the time of ovulation and continues until their period, leaving only a couple of pain-free weeks during their cycle. For some, it’s barely noticeable; others are in such pain they can’t wear a T-shirt, lie on their stomach, or tolerate a hug. Sometimes it’s only in one breast, and other times it radiates into the armpit and even down to the elbows, causing its poor victim to think they’ve got cancer spreading to their lymph nodes.


Breast pain is annoying, but it usually isn’t unbearable—what can be unbearable is the fear that it’s cancer. The best treatment, therefore, is reassurance. The study in Cardiff suggests that 85 percent of people with breast pain worry much more about the possibility of cancer than about the pain itself. Most of them, after exams and imaging, can be reassured that their problem has no relation to cancer, leading to emotional relief and the feeling that they can live with their pain. This study was repeated in Brazil to see if it was only Welsh patients who responded to reassurance. Sure enough, Brazilian patients also responded to reassurance with a success rate of 70.2 percent. Only 10 to 15 percent of the patients had pain that was incapacitating and needed treatment.7


If you have breast pain, the first step is to get a good examination from a breast specialist or someone knowledgeable in the field who will take your symptoms and concerns seriously (this may take some searching). If you’re over thirty, have a mammogram. Once you know you don’t have cancer, you can decide whether you are able to live with your discomfort or want to further explore treatment. You may also want to look into Chinese herbs and acupuncture, which have been used for centuries in China. In some cases, herbs and acupuncture are used together; in others, the patient or practitioner prefers to use one or the other. They can also be used for noncyclical pain, discussed later in this chapter.


Another possibility is the use of meditation and visualization techniques, such as those discussed in Chapter 16. A number of studies have shown that these techniques can be effective in reducing pain, and they may well help relieve both cyclical and noncyclical breast pain.


If you are in your twenties and the pain is cyclical, you may want to try a birth control pill. Analgesics like aspirin, Tylenol, and ibuprofen can offer some relief, and wearing a firm bra will prevent bouncing breasts from increasing your discomfort. Nonsteroidal anti-inflammatory drugs (NSAIDs) can be applied directly to the breast in a gel, which can be beneficial.8


If these approaches do not work, then Nolvadex (tamoxifen), an estrogen blocker that has been used in treating and preventing breast cancer, can be helpful. Nolvadex is a selective estrogen receptor modulator (see Chapter 6). According to an English study, it’s very good at relieving mastalgia (80 to 90 percent).9 Side effects include hot flashes and menstrual irregularities. Luckily, it was shown to be just as effective at ten milligrams per day as at twenty milligrams, and three months of treatment were just as good as six. A group in Minnesota reports using ten milligrams for two months with good results and only a 30 percent recurrence rate.10


Noncyclical Pain


Noncyclical pain is far less common than cyclical pain. It also feels a lot different. To begin with, it doesn’t vary with your menstrual cycle—it’s there and it stays there. It’s also known as “trigger zone” breast pain because it’s almost always in one specific area: you can point exactly to where it hurts. It’s anatomical rather than hormonal—something in the breast tissue is causing it (although we usually don’t know what). Sometimes it can be a sign of cancer, so it’s always worth checking out with your doctor, especially if you are over thirty.


One cause of noncyclical breast pain is trauma—a blow to the breast will obviously cause it to hurt, and a breast biopsy is likely to leave some pain (see Chapter 8). Many patients get slight shooting or stabbing pains up to two years or more after a biopsy. And you’re never quite perfect after any surgery—just as after breaking a leg you can always tell when it will rain. This kind of pain is usually pretty obvious: it’s on the spot where your scar is. It’s unpleasant, but it’s nothing to worry about.


Often doctors simply don’t know what causes noncyclical breast pain; they’ll operate and remove the area, have the tissue studied, and find nothing abnormal. Unfortunately this doesn’t relieve the pain.


Treatment for this kind of breast pain is more difficult than for cyclical breast pain. Again, start with a good exam and, if you’re over thirty, a mammogram. If there’s an obvious abnormality, it can then be taken care of. For example, sometimes a gross cyst causing localized breast pain or tenderness can be cured by needle aspiration.


Because noncyclical pain is rarely caused by hormones, hormonal treatments are less likely to work. Some people, however, find relief with the kinds of treatments mentioned in the section on cyclical breast pain. Sometimes, though not invariably, having a biopsy relieves the pain—though you will experience pain for a while from the biopsy itself. A good test is for your doctor to inject some local anesthesia into the spot. If it gives relief, then surgery may work well; if not, then it probably isn’t worth it.


Nonbreast-Origin Pain


This third category isn’t really a form of breast pain, though that’s what it feels like to the patient. It’s usually in the middle of the chest and doesn’t change with your period. Most frequently it is arthritic pain, in the place where the ribs and breastbone connect—an arthritis called costochondritis (Figure 2.7).11 When men get costochondritis they think it’s a heart attack; when women get it, they think it’s breast cancer. You can tell it’s arthritis by pushing down on your breastbone where your ribs are—if it hurts a lot more, that’s probably what you’ve got. Similarly, if you take a deep breath and the middle part of your breast hurts, it’s probably arthritis. If you take aspirin or Motrin and it relieves the pain, it’s probably arthritis, as they’re anti-inflammatory agents and thus work especially well on conditions like arthritis. Having your doctor inject the spot with local anesthetic and steroids will relieve 90 percent of chest wall pain.12


You can also get nonbreast-origin pain from arthritis in the neck (a pinched nerve).13 This pain can radiate down into the breast the way lower-back arthritis goes into the legs. There’s also a special kind of phlebitis (inflamed vein) that can occur in the breast, called Mondor’s syndrome. It gives you a drawing sensation around the outer edge of your breast that extends down into your abdomen. Sometimes you can even feel a cord where it is most tender. None of these problems are serious. A nonbreast condition that appears in the breast area is treated as it would be in any other part of the body. That usually means, for the conditions just mentioned, aspirin or another anti-inflammatory agent. These pains are usually self-limited and will go away in time.
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Figure 2.7








Cancer Concerns


How likely is any breast pain to be cancer? Cyclical pain has no relation to cancer, so don’t worry. Noncyclical pain is rarely a sign of cancer, but it can be, so it’s worth checking out. One of my patients discovered while she was traveling in Europe that her breast hurt when she lay on her stomach. Though she couldn’t feel any lump, she had it checked when she came home and discovered she did indeed have a tiny cancer on the spot. About 5 percent of all “target zone” breast pain is cancer. So it’s worth having your doctor check it—if only for the relief of being sure you aren’t in the 5 percent.


BREAST INFECTIONS


Breast infections and nipple discharge are fairly uncommon and usually are not much more than a nuisance, but they can cause great anxiety to people who experience them.


Lactational Mastitis


Lactational mastitis is the most common of these infections.14 It occurs, as its name suggests, when a person is breastfeeding. The breast is filled with milk, a medium that encourages the growth of bacteria. You’ve got a baby biting and sucking on your breast on a regular basis, causing cracks in the skin and introducing bacteria—it’s really amazing that more nursing parents don’t get infections.


Probably it happens as seldom as it does because milk is always flowing through and flushing the bacteria out. However, sometimes when you’re breastfeeding, a duct will get blocked up with thick milk that doesn’t flow very well. Then bacteria become trapped in the breast, the milk feeds them, and suddenly you’ve got a reddened, hot, and very painful breast (Figure 2.8).


Your doctor will probably suggest that you try to unblock the duct with massage or warm soaks and other kinds of heat (which liquefies the milk for better flow). If the infection persists, an ultrasound should be done to determine whether there is an area of infection that needs to be treated with antibiotics or an abscess that needs to be drained. Don’t worry about the antibiotics affecting your nursing child; your obstetrician will know which antibiotics are safe for children to ingest. Nor will the bacteria hurt the child, as they will be killed by the baby’s stomach acid. It’s actually good for you if the child goes on nursing. The sucking helps unblock the duct.


Antibiotics almost always get rid of infection, but in about 10 percent of cases an abscess forms, and antibiotics can’t eliminate abscesses. An abscess, like a boil, is basically a collection of pus that the doctor has to drain. This is usually done through a needle while the patient is having an ultrasound, and it may need to be repeated more than once. The pus can be sent to the lab to identify the bacteria and what drugs they are sensitive to so that the infection will be treated with the best antibiotic. Surgery is rarely done anymore, and only as a last resort.


Breastfeeding can continue during the infection and its treatment.
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Figure 2.8








Nonlactational Mastitis


Mastitis can also occur in nonlactating people, especially in particular circumstances. For example, it may occur in people who have had lumpectomies followed by radiation, who have diabetes, or whose immune systems are otherwise depressed. Such people are prone to infections either because some of the lymph nodes, which help fight infection, have been removed or because their immune system is generally less strong than most people’s. This type of infection will usually be a cellulitis (an infection of the skin) that is red, hot, and swollen all over rather than in one spot. It’s generally accompanied by high fever and headache, both characteristics of a strep infection (staph infections, by contrast, are usually local). Your doctor will treat it with antibiotics, usually penicillin, and you may be briefly hospitalized.


Skin boils (or staph infections) can form on the breast, as they can on other parts of the body. If you’re a carrier of staph and prone to infection as well—as in the case of people with diabetes—this is more likely to occur than in noncarriers or people who are less infection prone. It’s also possible to get an abscess in the breast when you’re not lactating and don’t have any of the other risk factors, although this is unusual. Both cellulitis and these abscesses can mask cancer (as we’ll discuss later), so, though such cancer is rare, if you’ve got one of these conditions it’s important to have it checked out by a doctor.


Chronic Subareolar Abscess


The second most common breast infection—and it’s rather infrequent—is the chronic subareolar (under the nipple) abscess, which we don’t understand very well, though there is some evidence that it is more common in smokers. Two theories about its cause demonstrate the fact that we also don’t really understand the anatomy of the breast ducts and the nipples. One theory states that this infection is caused by ducts that become blocked with keratin and then get infected.15 But Dr. Bruce Derrick at Temple University and Dr. Otto Sartorius put forth a different view, which I find more compelling.16 As you’ll recall from earlier in this chapter, there are little glands on the nipple as well as ducts. These small, dead-ended glands can get infections, whether you’re nursing or not. Bacteria from the skin or mouth of your child or sexual partner gets into the gland; thickened secretions block it so it can’t drain well, and an infection forms. This is most common in people with inverted nipples, because their glands have narrower openings.
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Figure 2.9








Whether the culprit in this condition is the ducts or the glands doesn’t matter much to the patient. Either way, an abscess forms that can’t drain through the usual exit and therefore tries to drain through the weakest part of the skin in the area—the border between the areola and the regular skin (Figure 2.9). The abscess is a red, hot, sore area—like a boil. It looks and feels awful, and the frightened person often thinks they’ve got breast cancer. They don’t, and the infection doesn’t affect their vulnerability to breast cancer.


If the infection is caught very early, before an abscess forms, it may be helped by antibiotics and aspiration with a needle. But often it can’t be and needs to be incised and drained. I think it’s best to make the incision on the border of the areola, so that it doesn’t show later. Once the pus is drained, it’s okay—for the time being. The trouble is that this type of infection is apt to recur. The gland is a little dead-ended passage with no internal opening, so it can reinfect itself and drain again at the same point. Eventually this leaves a permanent open tract.


I’ve had some luck reducing these recurrences by removing the entire gland or tract. To get the whole tract, the surgeon must excise a wedge of nipple. The method isn’t perfect, but its success rate is a lot better than that of other methods.


We don’t yet know the reason for the frequency of recurrence, even in the most skillfully done operations.17 Perhaps there is a disease in more than one duct that makes it susceptible to infection. This has been termed duct ectasia or periductal mastitis. There are multiple descriptions of this condition, and there has been much hypothesizing about what causes it. Perhaps the infection spreads from one gland to another, or perhaps there’s still lining left from the old gland that the surgeon isn’t aware of. So if you have a chronic subareolar abscess, understand that you may have to keep dealing with it. About 40 percent of these infections do recur, sometimes as often as every few months—again especially if you are a smoker.


As so often happens, many doctors think surgery is called for, no matter how disfiguring it may be. One patient came to me after her doctor said he was fed up with these recurrences and wanted to remove both breasts. Fortunately she had the sense not to listen to him. A well-planned, nonmutilating operation solved her problem—but even if it hadn’t, the most drastic procedure that would have made any sense at all would have been to remove the ducts behind her nipple, leaving the breast intact.


INFECTION AND CANCER


As I said earlier, breast infections do not lead to breast cancer. However, some breast cancers lead to infections or look like infections. As the cancer cells grow, noncancerous cells die off for lack of blood supply, and the necrotic (dead) tissue can get infected. So it’s possible, though extremely unusual, for breast cancer to show up first as a breast abscess.


Inflammatory breast cancer can be mistaken for infection (see Chapter 12). This starts with redness of the skin, warmth, and swelling. There usually is no lump. What distinguishes it from infection is that it doesn’t get better with antibiotics. Anyone with a breast infection that persists after ten days to two weeks of antibiotics should see a breast surgeon, who will probably want to do a biopsy.


If you get an infection, don’t worry about it—but do see your doctor right away. The infection won’t give you cancer, but it should be treated and gotten rid of, and you do want to make sure it is in fact an infection.


NIPPLE PROBLEMS


Cracked or Sore Nipples While Nursing


The nipple is an especially sensitive area and subject to a number of problems, such as the subareolar abscess discussed earlier. A new parent who is nursing sometimes develops a cracked or sore nipple, and it isn’t a pleasant experience. The pain can be severe and the guilt from feeling unable to breastfeed adequately is hard to tolerate, especially because, at this time, the person’s hormones are surging. Such pain occurs in as many as 17 percent of people in the first few weeks after giving birth. Typically there is a small erosion or crack on the nipple. Although it usually goes away on its own, if the baby is having trouble sucking or is sucking hard, the nipple may become painfully raw and progress to a larger crack in the nipple in about a week. It is often infected with bacteria. One study looked at four different strategies to treat a cracked nipple and found that oral antibiotics both provided the best relief and reduced the chance of developing mastitis.18 This and good nipple hygiene are key to preventing this distressing condition.


Another source of pain in the nipple or breast while nursing is infection resulting from candida (a fungus that causes yeast infection). A study based on a microbiologic analysis of the parent’s nipple, their milk, and the baby’s mouth found that 19 percent of the parents had candida. The involved nipples were mildly inflamed and tender to the touch. It’s easy to treat with a topical miconazole (antifungal) oral gel to the nipple and the baby’s mouth, and oral nystatin to resolve this problem.


Discharge


The most common nipple problem—or rather concern, as it’s not always a problem—is discharge. Most people do have some amount of discharge or fluid when their breasts are squeezed, and it’s perfectly normal (Figure 2.10). In a study at the old Boston Lying-in Hospital breast clinic, participants had little suction cups, like breast pumps, put on their nipples, and gentle suction was applied.19 Eighty-three percent of these participants—old, young, parents, nonparents, previously pregnant, never pregnant—had some amount of fluid. As I will explain in Chapter 5, this fluid can be analyzed for precancerous cells.
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Figure 2.10








The ducts of the nipple are pipelines; they’re made to carry milk to the nipple, so a little fluid in the pipes shouldn’t be surprising. (It can come in a number of colors—gray, green, and brown, as well as white.)


Sometimes people confuse nipple discharge with other problems—weepy sores, infections, abscesses (see the previous discussion). Inverted nipples (see Chapter 1) can sometimes get dirt and dried-up sweat trapped in them, and this can be confused with discharge.


Some individuals are more prone to lots of discharge than others: those who are on birth control pills, antihypertensives, or strong tranquilizers tend to notice more discharge, because these medications increase prolactin levels. This discharge may be aesthetically displeasing, but beyond that there’s nothing to worry about.


There are also different life periods when you’re more likely to get discharge than others: there’s more discharge at puberty and at menopause than in the years between. And there’s the milk sometimes briefly secreted by newborns. This makes sense, since the discharge is the result of hormonal processes.


When Should You Worry?


The time to worry about nipple discharge is when it’s spontaneous, persistent, and only on one side. If it comes out by itself without squeezing, keeps on happening, is only from one nipple and usually one duct, and is either clear and sticky like an egg white or bloody, you should go to the doctor for evaluation of the discharge. There are several possible causes:




1. Intraductal papilloma. This is a little wartlike growth on the lining of the duct. It gets eroded and bleeds, creating a bloody discharge. It’s benign; the surgeon removes it to make sure that’s what it is.


2. Intraductal papillomatosis. Instead of one wart, you’ve got a lot of little warts.


3. Ductal carcinoma in situ (DCIS). This is a precancer that clogs up the duct like rust (discussed in detail in Chapter 9).


4. Cancer. Cancers are rarely the cause of discharge. Less than 10 percent of all spontaneous unilateral bloody discharges are cancerous. But it’s important to have it checked.




Age is an important factor in predicting whether the discharge is related to cancer. Among patients with nipple discharges, only 3 percent who are younger than age 40, and 10 percent who are between ages 40 and 60, will have cancer, but the number jumps to 32 percent of those over age 60.20


Your clinician should first test for blood by taking a sample, putting it on a card, and adding a chemical (hemoccult test). If it turns blue, there’s blood (which may not be visible to the eye because of the color of the discharge). The doctor may do a Pap smear, very like the Pap smear you get to test for cervical cancer. Discharge is put on a glass slide and sent to the lab for the cells to be examined. A recent study from Vermont showed this test to be quite accurate when it showed malignant cells but less accurate when it showed only apparently benign cells.21 Next the doctor will try to figure out the “trigger zone” by going around the breast to find out which duct the discharge is coming from, though often the patient can give the doctor this information. An ultrasound evaluation can often identify an intraductal papilloma. If the patient is over thirty, they’ll be sent for a mammogram to see if there’s a tumor underneath the duct. If all these steps are negative for cancer, then surgery is not necessary.


If there is any question or if further investigation is warranted, many doctors will follow this with either ductoscopy or a ductogram. Ductoscopy is exactly what it sounds like: a very tiny endoscope (a long flexible tube used to check out an interior body part) is passed through a numbed-up nipple for the doctor to look around for any problems. This has been very useful in finding intraductal papillomas, and a German version of the scope even has the ability to remove the papilloma through the nipple.22 Other tools for determining both the cause and location of ductal pathology include ultrasound and ductography, in which the radiologist takes a very fine plastic catheter and, with a magnifying glass, threads it into the duct, squirts dye into it, and takes an X-ray (Figure 2.11). This may sound ghastly, but it really isn’t that bad—the duct is an open tube already, and the discharge has dilated it.






[image: image]

Figure 2.11








Two studies have documented that preoperative ductography increases the chance that if there is any abnormal tissue causing the pathology, it will be found.23 So if your doctor does not recommend one of these techniques, you may want to look around for someone who does.


You may also have a simple operation under local anesthetic on an outpatient basis. A tiny incision is made at the edge of the areola; the areola is flipped up, and the blood-filled duct is located and removed (Figure 2.12). Sometimes the radiologist will cut a fine suture and pass it into the duct to the point to be removed, or blue dye can be injected into the duct to help identify it. Both of these techniques will help pinpoint the right area. Sometimes, if the ductogram has shown the lesion to be far from the nipple, the surgeon will localize the area with a wire, as described in Chapter 13.


Another form of problematic discharge is one that is spontaneous, bilateral (on both sides), and milky. If you’re not breastfeeding and haven’t been in the past year, this is probably a condition called galactorrhea—excessive or spontaneous milk flow. It occurs because something is increasing the prolactin levels. Rarely, the source turns out to be a small tumor in the brain, which can be detected on an MRI of the pituitary gland. This may not be as alarming as it sounds: often it’s a tiny tumor that may not require surgery. A neurosurgeon and an endocrinologist together need to check this out. You may be given a medication called bromocriptine to block the prolactin. Galactorrhea is often associated with amenorrhea—failure to get your period. It can also be caused by major tranquilizers, marijuana consumption, or high estrogen doses.
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Figure 2.12








Galactorrhea is diagnosed only when the discharge is bilateral. Many doctors don’t understand this and send patients with any discharge for prolactin-level tests. They shouldn’t; the unilateral discharges are not associated with hormonal problems, and any money spent on prolactin tests is wasted.


Other Nipple Problems


There are a few other problems people can have with their nipples. Some patients complain of itchy nipples. Usually this doesn’t indicate anything dangerous, especially if both nipples itch. You can get dry skin on your nipples as elsewhere. You may be allergic to your bra or to the detergent it’s washed in. Pubescent young people with growing breasts often experience itching as the skin stretches. Otherwise, we don’t know what causes itchy nipples. If they bother you, you can use calamine lotion or other anti-itch medication.


There is a form of cancer known as Paget’s disease that doctors and patients often confuse with eczema of the nipple. It looks like an open sore area and it itches. If it’s on only one nipple and doesn’t go away with standard eczema treatments, check it out. A biopsy can be performed on a small section of the nipple. (Paget’s disease is discussed at length in Chapter 12.)


If the rash is on both nipples and you tend to get eczema anyway, don’t worry. The eczema has just decided to try a new place to show up.


Most of these infections and irritations are benign—they’re more of a nuisance than anything else. If they appear, get them checked out, just to make sure they’re what they appear to be and to get the relief available.














PART TWO


What Causes Breast Cancer and How Do We Prevent It?














CHAPTER 3


Biology of Cancer






[image: image]







The first question asked by anyone diagnosed with cancer is “Am I going to die?” This fear is natural and understandable, but treatments for this disease are growing more effective every day and most people survive it. So my answer is “Eventually, yes, but probably not now.” The next question is usually “How did I get this?” We all search our life experience for potential carcinogens. Could it have been the formaldehyde when I was taking anatomy in medical school, or the radiation from the airport screening? In reality, we rarely know exactly what caused any particular cancer, and it really doesn’t matter much once you have been diagnosed. However, what we are learning about what cancer needs to develop and grow is giving us clues as to how to treat it and possibly even prevent it.


This chapter is for those of you who want a better understanding of the biology of breast cancer and immunology. It also provides the background for some of the treatments that we will discuss later. Some of you may want to skip ahead. No problem! But for those intrepid souls who want to understand as much as possible, here is my best effort.


In Chapter 1, I compared the breast to an interactive community in which the cells of the ducts and lobules interact and influence the surrounding fibrous tissue, blood vessels, immune cells, and even fat. This crosstalk and the elegant dance that results have begun to be studied in recent years, and what we have learned already is changing how we think about the causes of breast cancer.1 It appears that at least two critical elements are necessary for any cancer to develop and flourish. The first is a cell that for some reason, either hereditary or environmental, has developed a mutation in a critical part of its DNA, and the mutation changes the cell’s potential behavior. The second is a neighborhood that is egging this cell on.2


We get mutations all the time just by living on this earth. Imagine having one car your whole life. After a bit you start to collect dents (mutations), and the longer you own it, the more dents you have. Some of them are important dents that interfere with driving, while others are just cosmetic. Likewise, some of our mutations are more important than others. Figuring out all these many mutations and what part of the cell’s activity they control is a huge part of current cancer research.3 Radiation, environmental toxins, and even viruses can cause mutations.4 Our bodies have anticipated this problem, and we have some built-in repair genes or mechanics to fix the dents. One of these is the gene known as BRCA (which stands for “breast cancer”), which is found in all the cells of the body.5 BRCA is an important gene because it can repair damaged DNA. When one copy of BRCA has a hereditary mutation, the second backup copy from the other parent can still function. It’s as if someone were born with one blind eye but can still see with the other. This is what occurs in people who inherit the gene (see Chapter 4). It is not enough to cause breast cancer.


However, if something happens in the breast to cause a mutation in the second copy (like losing the second eye), then the body can no longer repair damaged DNA, allowing it to propagate with errors and potentially leaving patches of mutated cells in the breast (Figure 3.1).


This alone is not enough to create cancer; here’s where the second element comes in. The mutated cells are in a neighborhood of other cells—fat cells, immune cells, blood cells, and so on—known collectively as the microenvironment. If these cells are all well-behaved, they will have a good influence on the mutated cell, which will coexist peacefully with them, and no disease will occur. But if the neighborhood is not so “law-abiding” and stimulates or even tolerates bad behavior, there may be trouble. The combination of the mutated cells and the stimulating, or tolerant, neighborhood will create breast cancer (Figure 3.2).


I find this new way of thinking about cancer very exciting because it explains a lot and gives me a new way to think about the disease, its cause, and risk factors. We can figure out what causes mutations and how to prevent or fix them. We can also figure out what affects the community around the mutated cell. Because the community (microenvironment) is also composed of cells, they too can undergo mutations and alter their behavior (Figure 3.3). Let’s say the original nice neighborhood gets run-down and criminals begin to move in, or a factory gets built and pollutes the water, or a huge department store chain drives out all the small businesses. Each change in any part of the community can affect all its inhabitants, including the mutated ones.
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Figure 3.1








So in this chapter we’ll first explore the basic molecular biology needed to understand cancer and then describe the epithelial (ductal) cells and surrounding tissue or stroma—let’s say we’re introducing the town in which the crime drama will unfold. And we won’t forget the law enforcement or immune system, which can help or hurt depending on whether it is efficient, overly aggressive, or lazy. In the next chapter we’ll apply this information, looking at the known and suspected risk factors for breast cancer, as well as ways we might use lifestyle changes and the immune system to clean up the neighborhood.


To me, all this is both useful and immensely fascinating. It may be less so for some readers. If the thought of reading about biology is a drag, feel free to skip to the next chapter. You now have my version of the CliffsNotes. All you need to know is the metaphor of the mutated cell in its community and the immune system as our local and biological department of defense. But if you enjoy delving deeper into the why of things, then come along. I’ll make it as easy as I can!
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Figure 3.2
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Figure 3.3








BACKGROUND


DNA


Because mutations occur in DNA, we have to start there. The way life works is through a magnificently elegant system. Every bacterium, every tree, every dog, every human being has its vital information coded into the DNA in the nucleus of its cells. This is responsible for transferring genetic characteristics. With a single system of four bases (like four letters), everything that’s alive, including viruses and bacteria, is programmed. It’s like realizing that with a single alphabet of twenty-six letters we have Shakespeare, Mein Kampf, and the Julia Child cookbooks.


These “letters” are called nucleotides, and they are the smallest unit of information in the body. How they combine to form DNA is crucial, because DNA codes all the information that your body contains. It determines the color of your eyes and your hair; it tells your lungs how to take in oxygen from the air and use it for energy. It’s also complicated, so I’m going to use another metaphor for a while. I’m borrowing this metaphor from Mahlon Hoagland, Bert Dodson, and Judith Hauck’s superb book The Way Life Works.6 They depict DNA as a recipe. This recipe uses a definite code—four different nucleotides to which we have assigned letters (Figure 3.4). The nucleotides combine in pairs, known as “base pairs” because the pairs become the basis of whatever comes next. This pairing is very precise, like a tiny jigsaw puzzle. A and T fit together, as do G and C, and that can never vary.


Hoagland, Dodson, and Hauck use the analogy of the letters of the alphabet and the paragraphs the letters make, which as you can see I’ve borrowed, but I’m changing it slightly for my own use. These letters and paragraphs will all combine to create a “cookbook.” The base pairs can be seen as two-letter combinations, and they come together in a chain to form a gene, which can thus be seen as a recipe made with those letters. The genes are arranged in a long row, side by side, to form a chromosome (a volume of the book). All the chromosomes together form the genome (or a set of volumes that contains all the recipes needed to make a full-scale banquet—a human being) (Figure 3.5). Here’s a multivolume creation indeed!
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Figure 3.4
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Figure 3.5








Why do the bases have to come in pairs? Each message is encoded in only one chromosome strand. But genes need to be able to replicate themselves or no growth takes place. So the strands come in pairs that are actually mirror images of each other. This is the famous double helix. When a cell needs to divide—as it will for any number of reasons, from healing a scratch on the body to creating a pregnancy—it can do so because there is a mirror image attached to the original strand. In order to replicate, the helix separates, and mirror images are made of each strand from other bases that are floating around in the cell (Figure 3.6). The two mirror images then reconnect, forming a new double helix—a nifty way to make sure the code is unaltered.
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Figure 3.6








RNA


In case DNA hasn’t confused you enough, you need to know that it doesn’t work alone. It’s got a temporary partner, called RNA (ribonucleic acid). DNA, remember, is just a code—a code for creating proteins. By itself, it doesn’t do anything. Let’s use our recipe image again. You’ve got a wonderful recipe book in your kitchen, but it’s a very rare, expensive, old book and you don’t want to splatter stuff on it while you’re cooking. What you’d like to do is have a copy of one page, which you can bring to the counter and use to make your soufflé. Well, the RNA provides that copy. It duplicates the gene that it needs at the moment. Then it takes the coding message to another part of the cell and translates that piece of code into a protein. When the copy is no longer used it disappears (you throw it into the trash bin).


The RNA copy can be produced frequently for certain genes (like your daily breakfast cereal) or it can be produced less frequently (like a holiday dinner). The production of RNA determines how much protein will be produced and therefore the levels of expression of a particular protein.


So the gene is like one recipe: it will make one thing. The DNA is the information that has gone into writing that recipe. The chromosome is one volume of the cookbook. And the RNA is the disposable copy of the recipe that keeps the whole cookbook from having to be carted around.


Proteins


Proteins are the body’s building blocks, which are needed throughout our lives, making this recipe system vital. As Hoagland, Dodson, and Hauck write, proteins “do the daily business of living, giving cells their shapes and unique abilities.” There are many kinds of proteins (just as there are many dishes)—enzymes, transporters, movers, and so on. There are twenty-one amino acids (ingredients) that are hooked together as proteins, and the RNA is what directs how they’re strung together. Proteins are the end product of a recipe—your delicious soufflé (Figure 3.7).
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Figure 3.7








GENES AND BREAST CANCER


When you understand DNA, RNA, and protein, you can begin to comprehend what may happen with cancer. The process can break down at any of these levels. First it can happen at the DNA level. When human egg or sperm cells are made, the cells divide and only one DNA strand is put into each egg or sperm cell. So one parent gives the child half of that parent’s DNA, the child’s other parent gives half of their own DNA, and the combination makes a unique whole.


A mutation occurs when the wrong nucleotide gets inserted into the new strand as it is being made. Going back to our analogy, let’s say there’s a typo (mutation) in the recipe (Figure 3.8). These mutations can occur in either somatic cells (the ones that form the tissues of your body) or in germ cells (sperm and egg), which are passed onto your offspring. Both types of mutations are important: the first to the person who carries it, and the second to the next generation.


The mutations known as BRCA 1 or BRCA 2 germ cell mutations are found in some hereditary breast cancers. If one of your parents carries a mutation for BRCA 1 in one strand of DNA, there is a fifty-fifty chance that you have inherited it. Remember you only get half a DNA strand from each parent, so you could get the mutated one or the good one. If you inherit the mutation, it will almost always be matched with a good strand from the other parent in every cell in your body. This puts you closer to getting cancer because you need only to develop another mutation in your good strand of DNA in the breast or ovary to develop cancer. This is one reason that people who carry the mutation often get breast cancer at a young age: they start out halfway there. It is also why not every person with mutations in BRCA 1 or BRCA 2 gets breast cancer (see Chapter 4 for a full discussion of this situation).


Somatic—or acquired—mutations are more common. They happen with frequency over a person’s lifetime because of exposure to carcinogens; radiation, electricity, infrared light, and dozens of other things can create a mutation. But most are no problem. If you have a typo in a recipe no one ever uses, and it never gets retyped, it doesn’t matter. There are other mutations that don’t matter either, because the “typo” doesn’t obscure the meaning (Figure 3.9). If your recipe says “Add one cup of sigar,” you may smile at it, but you know you need to add a cup of sugar. Once in a great while a mutation even creates an improvement. (If the recipe says to add a half cup of sugar, it may end up tasting just as good and being healthier.) In fact, there’s an argument that civilization itself depends on mutations—the mutations that lead to evolution.
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Figure 3.8
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Figure 3.9








Then there are the cancer genes. These are genes that enable and regulate cell growth but that, if altered by mutation, can lead to cancer because they change DNA quality control, repair, or growth. Mutations in these cancer genes are usually caused by outside forces such as radiation, food toxins, or environmental pollutants. It usually takes more than one of these mutations for a cancer to develop, and of course it also requires the right community of other cells, all of which can also develop a somatic mutation. In other words, cancers are the result of multiple alterations in a number of genes.


BRCA 1 and BRCA 2 are genes involved in double-strand DNA repair. When women who carry a pathogenic variant (or mutation) in one of these get a second mutation in a breast cell, they can develop cancer because their bodies are less able to repair mutations that may arise (caused by radiation, for example). There is, however, a backup DNA repair system, based on poly (ADP-ribose) polymerase, which we call PARP, since “poly (ADP-ribose) polymerase” is ridiculously hard to say (Figure 3.10). The attempt to target this pathway is the basis of new drugs that we have been studying for more than a decade, and recent results are encouraging. Clinical trials have shown PARP inhibitors to be at least as effective as chemotherapy, and less toxic, in people with BRCA mutations and advanced breast cancers.7
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Figure 3.10
















For patients with high-risk early-stage breast cancer, either triple-negative or hormone-receptor-positive, and a BRCA 1 or BRCA 2 mutation, adding a PARP inhibitor for a year after surgery, chemotherapy, and/or radiation has been shown to decrease risk of recurrence.8


Another kind of cancer gene is involved in making cells divide. When they’re normal, these are called proto-oncogenes; when they’re mutated they’re called oncogenes. Proto-oncogenes involved in breast cancer are mostly ones that cause more cell division—they contribute to making the cell cycle speed up.


One type of proto-oncogene is related to the epidermal growth factor receptor (EGFR). This receptor is on a cell; the epidermal growth factor comes in and attaches to the receptor and directs it to divide—so until the factor comes along, it’s just a passive receptor (a lock without a key). These growth factors and receptors are necessary at certain times of your life, such as puberty, when big changes are going on in your growth and you need growth factors egging on the cells yelling, “Grow! Grow! Grow!” The epidermal growth factor finds a receptor, attaches to it, and signals the cell to replicate (grow) (Figure 3.11). There are different types of epidermal growth factors. An important one is epidermal growth factor 2. In the United States this is commonly known as HER2/neu (pronounced “her two new”) and in Europe as erbB-2. The type of genetic alteration that HER2/neu has is called amplification. Instead of having only one copy of this gene, the cell makes many (ten to sixty) copies of this gene. When this happens the cell has more HER2/neu receptors than normal, which helps to create more protein and a louder message—like more powerful earphones for your laptop. This accelerates the growth of any cancer cells that may be in the neighborhood (Figure 3.11). Either the gene overexpression or the extra protein can be measured in a tumor by studying the tissue that has been removed.


Tempering the oncogenes and proto-oncogenes are the tumor suppression genes and the repair genes. These are the brakes and repair shop in the cell system—so that whereas you have some genes that push the cells to grow and divide, you have others there to say “Well, no, growing and dividing really isn’t such a good idea.” Or “Maybe we should repair you first” (Figure 3.12). For example, one suppressor gene, p53, keeps cells with mutated DNA from dividing. If the p53 itself becomes compromised, nothing remains to slow down that mutated DNA.
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Figure 3.11
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Figure 3.12








TUMOR HETEROGENEITY


In the past we focused on identifying exactly what kind of breast cancer you had in order to match the treatment to the type. It was believed that each of the different kinds of cancer developed from different mutations and along different pathways. If we could target the mutation or the resulting growth factor or hormone, we could specifically treat the cancer. This was termed “precision medicine” and gained a lot of credibility when it was found that some mutations occurred in cancers in different organs. For example, HER-2 is sometimes overexpressed in stomach cancers as well as breast cancers. That suggests that a drug against this growth factor would work in both situations. Although these findings generated much excitement, hopes were soon dashed when scientists realized there were too many targets and not enough drugs.


Although this was a serious concern, the real problem soon became clear. Tumors are not homogeneous! That means that a tumor is a combination of cells with different mutations.9 If you block the dominant mutation, then you allow or encourage smaller communities of mutations to rise up—if you knock out one gang in a troubled neighborhood, then the secondary gangs have the opportunity to dominate. This became more noticeable when genomic sequencing techniques were applied to cancer. Not only are there different mutations, but they can exist in different areas of the same cancer! (See Figure 3.13.) In addition, over time new mutations can occur. Mutations, or cancer cells, that have spread to other organs may not have the same characteristics as the primary cancer, a fact that is changing the treatment of metastatic disease. This ever-changing landscape of tumor mutations has made it clear that we are going to have to go beyond trying to kill every cancer cell with a targeted bullet and focus instead on changing the conditions that have allowed them to arise in the first place.10 This is where we move from focusing on the cell to focusing on the tumor as a complex organism that depends on a variety of factors for its existence and propagation. It is not just the cell but the neighborhood it lives in that is critical.
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Figure 3.13








THE ENVIRONMENT OF THE CELL


We have considered the fact that a cell carrying a mutation requires the appropriate community for a cancer to develop. But can you really have mutated cells and no cancer? The answer, surprisingly, is yes. As we get older, we probably all walk around with mutated cells in our bodies. One study examined breasts that were removed at autopsy from people age 40 to 50 who had died of other causes. The researchers did not expect what they discovered—39 percent of the breasts had nests of cancer cells lying dormant inside them. Dr. Thea Tlsty of the University of California, San Francisco has been studying early mutations in breast cancer. At one point she was looking at tissue from reduction mammoplasties (when breasts are made smaller because they are too big). To her surprise, she found cells that had the same early cancer markers just sitting around doing nothing.11 Mutated cells in a good neighborhood!


The proof comes from studies by my friend Dr. Mina Bissell, a biochemist in Berkeley, California, who has spent her career studying breast cancer cells within a breast tissue environment. She has taken cells that have the mutations of breast cancer and grown them in a culture of normal breast stroma. In that environment, the cancer cells behaved like normal cells—they made ducts and did the other things that healthy breast cells do.12 The healthy influence of the surrounding cells caused the cancer cells, even though they were genetically altered, to behave well. When Dr. Bissell and her associates put the same cells in a malignant environment, the cells went back to behaving like cancer (see Figure 3.14). This means that if we knew the right environment, the reverse would be possible as well: we may be able to keep the cancer cells from misbehaving. The ability to control or reverse cancer may also explain a phenomenon known as tumor dormancy (see Figure 3.15). This is thought to happen in patients who appear to be cured at the end of treatment but have a recurrence ten years later. What were the cells doing for ten years? They were asleep. What put them to sleep? What woke them up?
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Figure 3.14
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Figure 3.15








In summary, all cancer is probably caused by a combination of genes that are altered by carcinogens and stimulated by an environment conducive to growth and spread.


THE IMMUNE SYSTEM: OUR BIOLOGICAL DEPARTMENT OF DEFENSE


In the past, we considered the immune system to be just another part of the environment, but studies have shown that it plays a critical role in the development of cancer. First of all, the term “immune system” covers a lot of territory, including different kinds of cells, antibodies, and proteins. I think of it as the security system of the body, encompassing the local neighborhood watch; private security companies like ADT; specialized systems like police, fire, and emergency medical services; and, ultimately, the National Guard and military. After all, this is our personal Department of Defense. As I started researching the immune system in relation to breast cancer, I was both fascinated and overwhelmed. It seemed that every time I thought I understood things, a new study would come out and prove it all wrong! Nonetheless, we cannot ignore the immune system, as it probably holds the key to both why we get breast cancer and why it does or does not come back. With that in mind, I am going to give you a brief description so you will at least recognize the players later in the book when we discuss vaccines, immunotherapy, and checkpoint blockades.


In general, there are two components to the immune system: the innate immune system is nonspecific and local, and the adaptive immune system is more specific and systemic. First, let’s go local. The innate, or nonspecific, immune system is composed of cells that are responsible for our “secure borders.” These are cells that hang out at places where our body interacts with the outside world: think skin, mouth, gastrointestinal (GI) tract (we are, in fact, donuts with a hole down the middle), lungs, vagina, urethra, and liver. If there is a threat, such as a splinter, they immediately leap into action, checking out the intruder and sounding the alarm. They literally serve as the neighborhood watch, figuring out what the problem is and calling for help. Special white blood cells are mostly involved here, in the form of neutrophils and macrophages, although the more we study this initial response, the more complicated it gets. The next line of defense comes in the form of increased blood supply to the problem area. This is the equivalent of the private security team. What you then see is redness, swelling, and pain in the area around the splinter and, ultimately, pus (neutrophils that died in the line of duty). If you are lucky, the local defenses will do the job, the splinter will be removed, and the wound will quickly heal (Figure 3.16).






[image: image]

Figure 3.16








But for the sake of argument, what if it doesn’t? This is where the adaptive immune system kicks in (see Figure 3.17). The local neighborhood watch calls the local security patrol, which figures out what kind of problem it is and calls the appropriate experts: fire department, police department, or emergency medical department, depending on the situation. The antigen-presenting cells, called dendritic cells and macrophages, do this for us by taking a cell phone picture of the problem (this is getting to be a very loose analogy) and bringing it to the center of town where the emergency services hang out, in this case a lymph node. Some of you may have had an experience where you started out with a local infection in your finger, foot, or even throat and then your lymph nodes swelled up. They are the second line of defense and they are where the more specific memory T cells hang out. These are the ones that check their database. If they recognize the picture as one they have seen before, they head out to do battle with the appropriate specific antibodies or killer T cells. This is how a vaccine works. The first time, you are given just a part of the virus, for instance, polio, but enough for your immune system to develop a file on it. In biological terms, this file would be kept by memory T cells and B cells. Then if you get exposed to the virus again, they recognize it and go right to work killing it, without the delay of the first encounter.
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Figure 3.17








Or say a virus gets into your throat, making it red and sore and sparking a fever with lots of mucus as a result of the battle. Then your swollen glands, the adaptive immune system or next line of defense, get called in to banish the intruder.


This innate immune system (nonspecific neighborhood watch), and its interaction with the adaptive immune system in the lymph nodes, is critical in dealing with infections. (This is why people on chemotherapy, which kills all dividing cells including white blood cells, are more susceptible to infections.)


While all this is fascinating, the real question is: How does it relate to breast cancer? Why doesn’t the immune system recognize cancer cells as bad and kill them before they kill you? It is sort of like asking how the 9/11 terrorists managed to get into the country and eventually take down the World Trade Center and attack the Pentagon.


The relationship between cancer cells and the immune system is complicated. I have come to think of cancer cells as terrorists. People are not born terrorists, but they become so because of their environment, traumatic experiences, armed conflicts, politics, and so on. This is also true of cancer cells. Remember that cancer cells originally came from normal cells that developed mutations. And like terrorists, they have ways of escaping recognition by the adaptive immune system—just as they sometimes get through the airport’s Transportation Security Administration (TSA). This escape is achieved through a number of mechanisms, which include both direct interference with the cells of the adaptive immune response and indirectly the tumor microenvironment, or neighborhood. The cancer cells that survive are the ones that have learned how to avoid, or block, the immune surveillance.


Can we harness the immune system or turn it around to help get rid of the cancer? As long ago as 1891, William Cooley13 injected cancer patients with bacteria to ignite an immune response. This strategy is being used again in an attempt to use the immune system to treat cancer. Specific breast cancer immunotherapies will be discussed in Chapter 15. Here, however, I will try to give you the background to understand the current approaches and enough about the immune system and cancer to get a hint of what may well be coming down the road.


Checkpoint Inhibition


The immune system must have a way to recognize normal cells and leave them alone. It does this by responding to special codes that turn it off when it is not needed. If we go back to our security system analogy, these checkpoints are the equivalent of the code you punch in when you arrive, or the ID you show the TSA at the airport. When this fail-safe system doesn’t work in the body, people develop autoimmune diseases in which the immune system starts to attack normal organs and cause disease. Examples include inflammatory bowel disease, rheumatoid arthritis and some kinds of thyroid disease, and skin diseases.


These checkpoints usually work but can be blocked, tricked, or overridden just like any security system. That is exactly what the cancers do. They suppress or block the immune system so that the cancer cells can divide and grow with impunity. One of the first examples of a blocker of immune response, CTLA-4, was discovered in the 1980s on the surface of T cells by French scientists who were not thinking about cancer. Immunologist James Allison, now at the MD Anderson Cancer Center, found that CTLA-4 is like a brake on T cells, preventing them from launching a full-out response (see Figure 3.18). He tried blocking it and, in 1996, showed that he could erase tumors in mice. This led to a new treatment for metastatic melanoma and opened up the field of immunologic therapy.


One example of changing the immune response to treat breast cancer (see Chapter 11) focuses on the receptor on T cells, PD-1, that must link with the tumor in order to cause an immune response. Tumors can secrete a signaling protein, PD-L1, that links to the PD-1 receptor and tells the immune system not to bother (see Figure 3.19). Checkpoint inhibitors block either PD-L1 or PD-1 from this subversion of the surveillance and alert the immune system that the cancer cells are actually terrorists. One checkpoint inhibitor, Keytruda (pembrolizumab), has been approved for use in both early-stage and metastatic triple-negative breast cancer (see Chapter 11). These drugs block either PD-L1 or PD-1 from this subversion of the surveillance and alert the immune system that the cancer cells are a real threat.
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Figure 3.18








Vaccines


Another approach to cancer involving the immune system is to vaccinate you against your own cancer cells. This has had some early success in preventing recurrence (see Chapter 11). Vaccines are tailored to target antigens found on the cancer cells such as HER2/neu and then given to patients after their initial treatment in an attempt to prevent recurrence. Another effort at a vaccine uses mammaglobin, which is a protein found on breast cancer cells. And yet another targets a protein that is produced in breastfeeding and is present in most triple-negative breast cancers. All these efforts are promising but still under study. Finally, there is the possibility that you could prevent the cancer in the first place by vaccinating against the cause of the mutation. This is what the human papillomavirus (HPV) vaccine is all about. Cervical, mouth, and anal cancers are all caused by HPV. If a person is vaccinated against HPV, the immune system attacks the virus whenever it shows up. This is the ideal way to prevent cancer.
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Figure 3.19








CHANGING THE NEIGHBORHOOD


In thinking about the environment of cancer cells, there is a question whether it is the local community of cells or the larger environment of the whole body. My guess is that it can be either or both. For example, we all know of people who go through a lot of acute stress in their lives and then get cancer. Did the stress cause the cancer? Probably not, but it certainly may have changed the body’s hormones, as well as the immune system, thus cultivating an environment that may allow or encourage some dormant cells to grow. If we carry on with my terrorism/cancer analogy, there are factors in a country or the world that may encourage or support terrorism activity. At a different time, under different circumstances the same people might not have become terrorists. Does infection or chronic inflammation cause cancer? Or does it set up an environment in which the immune system is so busy that it lets the odd cancer cell get through? These are just analogies, but they illustrate how complicated it all is.


If you think about a “bad neighborhood” with gangs, drug pushers, abandoned buildings, and litter-strewn streets, you would not be surprised to learn it has a high crime rate. Cleaning up the vacant lots; encouraging socially acceptable groups like sports teams, scout troops, or bands; and giving kids legal ways to make money can decrease arrests and improve the safety of the neighborhood. Cancer is much the same.


We acquire mutated cells as we go through life. In fact, as I mentioned earlier, most of us walk around with cancer cells. Eighty percent of 80-year-old men have cancer cells in their prostates. And these are just the cancer cells we know about. We all probably walk around with dormant cancer cells. And as long as we get through life without them waking up and causing problems, we don’t really care whether they are there.


So what keeps them asleep and what wakes them up? That is where the neighborhood comes in. We can control a lot of those cells by cleaning up the neighborhood, in this case by exercising, maintaining a healthy weight, and reducing stress. There will always be some cancer cells, like some people, who will be bad no matter what the neighborhood, but under the right conditions most cancer cells will behave.


We are starting to get evidence for this. When you look at breast cancers under the microscope, the ones with more blood vessels, suggesting an enabling environment, are more aggressive. On the other hand, the ones with a lot of associated white blood cells or tumor-infiltrating lymphocytes (TILs), suggesting a strong immune response, have a better prognosis. The immune system—or neighborhood watch, or police to mix up all my metaphors at once—has noticed shady activity in the neighborhood and has increased its surveillance!


Tumor as Organism


I once had the opportunity to hear a great scientist, Joan Brugge, give a talk about how we have to think of a tumor not as a few bad cells but as an organism (living creature) (see Figure 3.3, here) all its own. The tumor is composed of an enormous variety of cancer cells, as well as a large cast of supporting cells and tissues such as blood cells, nerves, lymphatics, immune cells, fibrous tissue, and fat cells. In other words, it’s not just one large group of similar cells. This means that the cells removed on a tumor biopsy may—or may not—be the same as other cells that make up the tumor. Tumors are ever-changing organisms that continually develop new mutations. And they convert the supporting cells to their own use. They co-opt whatever resources are available to help them invade the body.


From a treatment perspective, we need to examine how to use chemotherapy and targeted therapies against an ever-mutating tumor. Will we need to customize therapies for primary and recurrent, metastatic cancers based on specific genetic alterations that are present in the tumor at each point in time? And even if these were feasible, we also have to account for the fact that the cancer cells can switch their phenotype—how they appear—depending on the microenvironment or neighborhood they are in. This is also an important element in predicting how the cells will behave.


We need to understand the entire ecosystem of the tumor so that we can eliminate it and prevent the development of resistant cells—while causing minimal harm to normal cells. Although the tumor ecosystem is robust and able to adapt to new therapies and environments, there also is a limit to the number of insults that it can withstand. This means we need to develop treatments that push the ecosystem beyond its ability to adapt; otherwise, it will become resistant. To do this, we need to stop trying to kill individual cells and target the whole tumor ecosystem. We need to identify the most effective immunotherapies for different classes of breast cancer, establish how to integrate them with current and emerging surgical and systemic therapies, and simultaneously target multiple places where the cells are vulnerable to prevent adaptation. In other words, if we could find the right tools to undermine the whole tumor as an organism, cancer may be reversible or at least controllable, and we wouldn’t have to try to kill every last cancer cell. Or we could destroy the nests of mutated cells and prevent them from developing in the first place. This is much more complicated than the standard message of “early detection is the best prevention,” but in my mind it is much more exciting because it tells us there are many routes to eradicating this disease.














CHAPTER 4


Hereditary Breast Cancer
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In the last chapter we discussed biological factors needed for breast cancer to develop. These factors are important to researchers trying to figure out the causes of the disease. But they are less helpful to you, individually, with the questions you may have at this particular point in your life. In this chapter and the next, however, we are going to consider tests that examine individuals to determine which ones have something in their genes or in their breasts that indicates a higher risk of getting the disease.


I often hear from a patient newly diagnosed with breast cancer that they fear their child is doomed—and that it is they, the parent, who has doomed the child. But it’s unlikely that the child is fated to replicate their parent’s experience, and, of course, the parent’s guilt is wholly irrational. Although having first-degree relatives with a history of breast cancer increases a person’s risk of the disease, most will never develop it. In countries where breast cancer is common, the lifetime increased incidence of breast cancer is 5.5 percent for women with one affected first-degree relative and 13.3 percent for women with two.1


Breast cancer in family members can be the result not of genes but of exposure to similar external risk factors. I have a friend who is one of five sisters who got breast cancer. The sisters were all tested for BRCA 1 and BRCA 2 and were surprised to discover they didn’t have it. When all the cancer is in one generation, as in these sisters’ case, it’s possible that they were all exposed to an environment that caused the cancer with a temporary or permanent genetic mutation.


I am starting out with the genes because we know the most about them, and then I’ll move to ways doctors can examine the breast itself for prediction. Remember in Chapter 3 we talked about cancer needing both a mutation and the right environment in order to grow. Some people start out with an inherited mutation that either is key for the development of breast cancer or makes them more likely to get that key mutation because of an inability to fix errors that occur in cell division. Since the last edition of the book, seventy-two previously unknown mutations linked to higher breast cancer risk have been found. In a large international study, a team of 550 researchers studied blood samples from 275,000 women, of whom 146,000 had breast cancer. They then compared the DNA from the healthy women to their counterparts, identifying common mutations in the latter group. Sixty-five of the new mutations are for breast cancer in general while seven are specific to hormone-receptor-negative cancers. Although this may seem ominous, the mutations increase a woman’s risk by only 2 or 5 percent, but they are cumulative. So if a woman has two or more of these common mutations, her risk would increase accordingly. It is just one more factor to quantify risk and determine the best individualized screening approach.2


In case you are glumly thinking the list of mutations will never stop growing, a more heartening study recently revealed that several genetic mutations previously linked to breast cancer were found not to increase the risk of disease after all. According to the CARRIERS study of more than 64,000 participants, only twelve of the twenty-eight mutations included on genetic tests showed clear evidence of associated cancer risk. The study also debunked the commonly cited statistic that 7 to 10 percent of women carry mutations linked to higher risk. That specific statistic comes from studies of high-risk women with family histories, or cancer, at a young age—so it doesn’t apply to all women. Results from the CARRIER study place risk in the general population of women closer to 5 percent.3


Most breast cancers are what we call sporadic—people have no family history of it and are therefore unlikely to have inherited their risk. Only 5 to 10 percent of women with breast cancer have hereditary breast cancer; in other words, they possess a dominant cancer gene that is passed on to succeeding generations from either parent. Not everyone with the gene will develop breast cancer, but those who inherit it will have a higher risk. Much larger is the group of people whose cancer is polygenic. This means there is a family history of breast cancer that isn’t directly passed on through each generation in one dominant gene—some members of the family get it and others don’t. This category includes the possibility that the cancer is actually genetic—there may be a dominant gene that we haven’t discovered and thus don’t know how to test for. People in this category are at greater risk for cancer than the general public, though less so than people with identifiably hereditary cancer. There are many possible genes that may make someone more prone to breast cancer. A person may, for example, inherit a gene that causes them to begin menstruating at an early age, a factor that has been linked to a higher incidence of breast cancer. Other family members, inheriting the same gene, are also more likely to get breast cancer. Or a person may inherit a mutation in a gene that is responsible for DNA repair after damage and before cell division (see Figure 3.10, here). The mutation would not cause breast cancer specifically, but it could make cancers more likely in organs where there is ongoing cell division for renewal, such as the colon, lung, and breast, and no alternative path for repair such as PARP in the breast.


BRCA 1 AND BRCA 2


Approximately 50 to 90 percent of hereditary breast cancer cases are caused by mutations in the BRCA 1 and BRCA 2 genes or, more accurately, 90 percent of cases from families with hereditary breast and/or ovarian cancer and 50 percent of cases from families with hereditary breast cancer. (Remember that the actual BRCA genes aren’t bad: we all have them; it’s the mutations they sometimes undergo that we need to worry about.) We have learned a lot about these genes since they were discovered in the early 1990s. For one thing, in addition to breast cancer, they also predict higher rates of ovarian and pancreatic cancers (the latter, however, is a much smaller risk). Mutations in the two genes are equally common and men can carry both of them.


According to studies, 1 in 300 women have BRCA 1 mutations, 1 in 800 have BRCA 2 mutations, and 1 in 40 have the Ashkenazi Jewish mutation.4 The Affordable Care Act requires most private insurers to cover, at no cost to the patient, genetic testing for people at high risk of having BRCA 1 and BRCA 2 and with specific personal and/or family cancer history. Unfortunately, insurers are not required to cover any of the follow-up care for those confirmed to have the mutations.


The risk that women who have mutations in BRCA 1 or BRCA 2 will develop breast cancer is somewhere between 50 and 80 percent. At first researchers believed that anyone with the BRCA 1 gene had an 80 percent lifetime risk of getting breast cancer, based on studies of families with a lot of breast and ovarian cancer.5 Additional studies were then done on women who, though they had the gene, had only one or two relatives with breast cancer. The studies found, predictably, that the risk was commensurately lower in this group—more like a 37 to 60 percent chance.6


Men who carry mutations in BRCA 1 or BRCA 2 are also susceptible to cancer; however, their risks are less understood. Male BRCA 1 carriers are at increased risk for cancer of the breast. In women BRCA 1 mutations carry the greatest risk; in men it is BRCA 2. The relative risk of developing cancer for male BRCA 2 mutation carriers is high before age 65, mostly due to breast, prostate, and pancreatic cancer. And of course both BRCA 1 and BRCA 2 carriers can also pass the mutated gene on to their children.7


But why aren’t all the carriers getting breast cancer, and why does the risk increase over the years? The word we use to describe this variability is “penetrance,” which means the lifetime (usually defined as up to age 70) risk of developing breast cancer. Whether the mutation in the gene results in cancer depends on whether that mutation has an effect. We don’t know what causes this difference in penetrance, but some carriers probably won’t get cancer unless there is an additional key genetic alteration or they may have inherited other genes that protect them as we said in the last chapter. Several mutations in sequence are probably needed to cause breast cancer (see Chapter 3). For example, suppose a person carrying a BRCA mutation is exposed to radiation and gets breast cancer. They pass the mutation on to their child, who needs only to acquire a second to get breast cancer. If the second mutation was for something that could be avoided (such as exposure to radiation), it would hypothetically be possible for the child to avoid exposure and thus escape breast cancer. Or the mutated cells could exist but the neighborhood they live in (see Chapter 3) is one that suppresses their growth. In fact, studies have shown that the risk of getting cancer has increased in recent generations, implying that nongenetic factors may modify the inherited risk. Not surprisingly, the factors that appear to modify the risk most strongly include reproductive histories and hormones (see Chapter 5). Oral contraceptives are associated with a profound reduction in the risk of ovarian cancer with little or no increase in the risk of breast cancer. Other factors include how old you are at your first period, whether you have been pregnant, whether you have breastfed your child, and whether you have had your ovaries removed. These factors can have different effects depending on which gene is mutated. Having more than one pregnancy appears to be protective in BRCA 1 carriers but is associated with an increased risk in BRCA 2 carriers.8


All that being said, penetrance for breast cancer is about 80 percent for both BRCA 1 and BRCA 2; for ovarian cancer it is about 40 percent for carriers of BRCA 1 and 20 percent for carriers of BRCA 2.9 The risk of ovarian cancer rises steeply after age 40 in both BRCA 1 and BRCA 2 carriers, with an average age of 51.2 years at diagnosis.10


Men who carry BRCA 1 or BRCA 2 mutations have a 5.8 percent cumulative lifetime risk of breast cancer versus 0.1 percent for nonmutation carriers.11


Founder’s Mutations


There are over seven hundred possible mutations in each of the BRCA genes, just as the same word can be mistyped in a number of different ways. Three of these mutations are found consistently in women of Ashkenazi (Eastern European Jewish) descent, like a word always mistyped in one of the same three ways. The mutations are 185delAG, 5382InsC, and 6174delT. These are often called founder mutations because they’re more common in small, tightly knit populations. The founder is the first person who got the mutated gene, inadvertently “founding” it and then passing it down to their descendants. Intermarriage perpetuates the gene through many generations. Because one or another of the three founder mutations is present in 2.5 percent of Ashkenazi Jews, this group has been studied extensively.


Of course, such an effect isn’t exclusive to Ashkenazi Jews. When researchers started looking at other populations, they found similar situations. In Iceland, where there’s a lot of intermarriage, there is also a predominant mutation of BRCA 2. Only 9 percent of people in Iceland with a mutated BRCA gene have a BRCA 1 mutation, while 54 percent have a BRCA 2 mutation.12 This is the reverse of the case in most other Western countries, in which BRCA 1 mutations are far more common than BRCA 2 mutations. In Norway it’s even more specific. Though Norwegians may have either a BRCA 1 or BRCA 2 mutation, which mutation a person gets depends on which fjord they live on.13 One fjord has one mutation, while another has one of the others.


It is not always so simple, however. In a study of Hispanic women living in Los Angeles, Dr. Jeff Weitzel found that six mutations were responsible for 47 percent of the positive genetic tests, with four of the six seeming to be almost exclusively in families with Latin American/Caribbean or Spanish ancestry. Even more interesting was that another of the six mutations was the same as one of the three Ashkenazi Jewish founder mutations, suggesting that it dates back to the Jews who remained in Spain during the Inquisition, assimilated into Spanish culture, and immigrated to the Americas in the late fifteenth century.14 And they also found a new BRCA 1 mutation in women from Spain or South America that had not been seen before. This mutation was estimated to have arisen 1,480 years ago, predating Spanish colonization, and represents 10 to 12 percent of BRCA 1 mutations in women who reported Mexican ancestry.15


At the time of writing this edition of the book, a specific founder’s mutation had yet to be identified for Black women with African ancestry, who tend to get more aggressive breast cancer with higher mortality rates. A Nigerian study of the RNA of ninety-seven breast cancers identified a unique genomic subtype, but research in this area is still lagging.16


Returning to the typo metaphor, there are thousands of possible typos with the BRCA 1 or BRCA 2 genes. It’s as though all Ashkenazi Jews used the same Hebrew keyboard with an e that didn’t work. Icelanders used a different keyboard, on which the t didn’t work. And the Native Americans in Mexico had yet another letter awry.


All this is important when it comes to testing. If you’re from an Ashkenazi family and have breast or ovarian cancer, instead of looking for any of the thousands of possible mutations, doctors focus on the three mutations that are most common in this population—and the gene is much easier to test. Investigators have shown that if a Jewish woman does not carry one of those three founder mutations, it is highly unlikely that a different mutation will be found. In other populations, testing for a mutation means studying the whole paragraph to find the typo: it’s more time-consuming, and thus more expensive, to test.


Further Questions About BRCA 1 and BRCA 2


What do these genes do? Why does a mutation in BRCA 1, which exists in every cell of your body, cause breast and ovarian cancer and not, say, kidney cancer? BRCA 1 and BRCA 2 are thought to be involved in checkpoint, or quality control, of the DNA. Before a cell can divide and replicate, its DNA has to be checked out to make sure there are no mutations. As part of their quality control job, BRCA 1 and BRCA 2 are involved in tagging badly damaged DNA for degradation. Both BRCA 1 and BRCA 2 are also involved in DNA repair. When a carcinogen like radiation causes a mutation in the DNA, these genes are critical to the machinery that repairs it. Sometimes there are backup repair genes like PARP in the breast, but they are not as good as the originals (Figure 3.10, here). When the genes themselves are mutated and can’t be repaired, damaged genes accumulate. But this still does not explain why the cancers occur in the breast and ovary specifically. One theory is that the absence of functioning BRCA 1 and BRCA 2 can exacerbate the action of tissue-specific promoters like estrogen and progestin. As I was researching this chapter, I thought for a minute about this theory and then said, “Hmm. I thought BRCA 1 caused cancers that aren’t sensitive to estrogen. Why would BRCA care about estrogen?” This sent me back to the books, only to find a new hypothesis: the breast cancer stem cells that seem to develop into BRCA 1 cancers are indeed estrogen-receptor-negative (ER-negative). But the cells right next door are not. Could it be that these surrounding cells may respond to estrogen and send pro-survival signals to the ER-negative cancer stem cells? I’ll discuss this later when I review the options for mutation carriers. For now, I simply want to note that most of the treatments that reduce estrogen also reduce the ER-negative tumors of BRCA 1. Obviously we have far ways to go to understand how these mutations work, but research is moving rapidly and I am sure the answers are not far off.


Needless to say, both breasts have the mutations, so if a woman has a first cancer there is a higher risk, about 40 to 65 percent, of a second cancer. Interestingly, as we test more people for BRCA 1 and BRCA 2 mutations we find they also have an increased risk for other cancers. It is well-known that people with BRCA 1 also have an increased risk of ovarian cancer, but less publicized is the fact that carriers of BRCA 2 have an increased risk of pancreatic cancer, male breast cancer, prostate cancer, melanoma, and lung cancer.17


OTHER KNOWN MUTATIONS


As we have become more sophisticated in our ability to test for mutated genes, we have expanded beyond the common BRCA 1 and BRCA 2. Other moderate-risk (50 to 80 percent) breast cancer susceptibility genes include TP53, PTEN, STK11, and CDH1. TP53, which sometimes goes under the name Li-Fraumeni syndrome after the scientists who discovered it, causes significant problems, including childhood malignancies, sarcomas, brain tumors, leukemia, adrenocortical tumors, and colon cancer. PTEN, which is also called Cowden syndrome, can show up in childhood with head enlargement, skin findings, benign thyroid and uterine findings, and developmental delay. If this were not enough, these people have a higher risk of breast cancer, endometrial cancer, thyroid cancer, kidney cancer, colon cancer, and melanoma. Families with a lot of different cancers, including breast cancer, may be more likely to have a syndrome like this. Another syndrome, often called Peutz-Jeghers syndrome (STK11), sometimes manifests with lip freckling and indicates an increased risk for breast cancer, colorectal cancer, small bowel cancer, pancreatic cancer, and ovarian cancers. Finally, hereditary diffuse gastric cancer (HDGC) or CDH1 manifests in the breast as lobular cancers and also causes cancer of the stomach.


Many other moderate-penetrance genes have also been identified, such as CHEK2, ATM, BARD, and PALB2. Two of these are now considered to have more risk than we initially thought.


CHEK2 mutation is found in people of Northern and Eastern European descent. It is also involved in DNA repair, and women who carry the mutation have a two- to threefold increased risk of developing breast cancer and one and a half times increased risk of dying of the disease (if the average woman has a 30 percent chance of dying, they have a 45 percent chance) and three and a half times as high a chance of getting breast cancer in the other breast.18 This means if the average risk is 1 percent per year, theirs is 3.5 percent per year. This gene has also been found mutated in women with hormone-positive breast cancer and is associated with PALB2.


PALB2, which stands for “partner and localizer of BRCA 2,” was initially thought to be a moderate-risk mutation, but a study in 2014 found the lifetime risk to be equivalent to that of BRCA 2, with a risk of breast cancer by age 70 of 35 percent. The risk was highest among those younger than forty.19 Men who are carriers of PALB2 have 8.3 times the risk of the general male population, which, you will remember, is pretty low.


TESTING


Over time, the world of genetic testing has undergone a huge shift. Almost two decades ago in the United States there was one company, Myriad Genetics, that had patented the BRCA 1 and BRCA 2 genes and their mutations. This made their facilities the only place that the test could be legally done. This monopoly was challenged in a lawsuit brought by the American Civil Liberties Union (ACLU). In 2013 the Supreme Court decided that genes cannot be patented, opening up the testing world to other techniques, companies and, most importantly, research.


This, together with next-generation sequencing technology, opened up the marketplace for genetic screening. There are now several commercial panels (genetic sequencing methods) that can test for a variety of low- to moderate-penetrance genes at once. In addition to genetic screening, panels that test for low-penetrance single nucleotide polymorphisms (SNPs) are also commercially available. These are common DNA sequence variants. The cost of mapping your whole genome is dropping fast as well. All this information far exceeds our ability to interpret it. This makes it more crucial than ever to seek the guidance of an expert if you are considering any genetic testing. It is essential for the results to be interpreted by someone knowledgeable, such as an oncologist who specializes in genetic risk or a genetic counselor. Commercial testers tend to check for only a handful of the most common genetic markers linked to breast cancer risk, so a negative result means only that you don’t have these most frequent mutations, not that you are without risk. They also lack essential context like family history or environmental factors that may increase risk. A genetic counselor can help you determine whether the test should be done, identify which test should be done, and interpret the results. Furthermore, as new findings emerge that may relate to you, they will recontact you. To find such a counselor, you can check with a nearby medical school. The National Society of Genetic Counselors has a searchable directory of over 3,300 experts in the United States and Canada. A U.S. government website that also lists genetic cancer counselors geographically is www.cancer.gov/search/geneticsservices. For more context on hereditary cancer, the organization Facing Our Risk of Cancer Empowered (FORCE) has a website with up-to-date, expert-reviewed information (www.facingourrisk.org).


In an interesting article for the Annals of Surgery, J. D. Igelhart looked into the responses of people who were considering getting tested for BRCA genes and who sought counseling at the testing center.20 Even after they had talked it over with counselors who explained the test’s limitations, many people still believed that if they tested negative they wouldn’t ever get breast cancer. When you desperately want something to be true, you often mentally edit what you hear to transform it into what you want it to be.


Whatever the limits of counseling, however, it’s much more of a concern when people go into testing without it. And for the most part, they do. As Dr. Iglehart noted, “Physicians without genetic training are more likely to provide testing and least likely to provide counseling.” And in fact few doctors have genetic training.


In the Iglehart study, high-risk participants likely to be positive because of their family history were asked before testing to estimate their risk of having the gene. The participants far overestimated their risk, thinking they had a 100 percent risk. The doctors not specializing in inherited risk thought most people had zero risk. They thought a few had a 10 percent risk, and a few had a 20 percent risk.


Who Should Be Tested


Some people have asked why the test for the breast cancer gene is being offered only to women at high risk for the disease. Why isn’t it being suggested for all women with breast cancer, or even all women in the United States? Part of the reason is that the chance of having the gene is so low for most people that testing wouldn’t be worthwhile. A study by Dr. Beth Newman, reported in the Journal of the American Medical Association, looked at a general group of women between ages 20 and 74 with breast cancer to see how many had the mutation.21 Only 3 percent had the BRCA 1 gene. Another reason to avoid widespread testing is that the options for prevention at the moment mostly involve surgically removing normal body parts to prevent a disease.


However, the question of screening for breast cancer genes is subject to debate. As I was working on this book, Mary Claire King, who discovered the BRCA mutations, suggested that we should be doing population screening. She cited a study she had done in the Ashkenazi Jewish population in Israel.22 They tested men first and, if they were positive, offered testing to their female relatives for the three common foundation mutations found in the Ashkenazi Jewish population. She points out that 50 percent of families found to harbor BRCA 1 or BRCA 2 mutations were from families that had none of the history of breast or ovarian cancer that would have triggered testing in the United States. This she attributed to smaller families, which then produced fewer people who had inherited mutations and, as a consequence, resulted in fewer cancers. Because tests can also turn up variants of unknown significance (VUS), which are DNA changes that lack enough information to classify, she suggests screening only for unambiguous loss-of-function genes. In the case of BRCA 1 and BRCA 2, these would be genes that have lost some of their DNA-repairing abilities. Finally, she points out that population-based screening enables mutation carriers to be identified independent of physician referral or family involvement (only 19 percent of U.S. primary care physicians accurately assessed family history for BRCA 1/BRCA 2 testing).23 I thought readers should be aware of these two points of view, an example of differences of opinion in medicine.


In any case, it is important to stop and put the risk of genetic breast cancer into context. J. Peto and his group did a study in the United Kingdom in the summer of 1999, looking at women with hereditary breast cancer.24 They divided them into age groups and looked at the correlation between hereditary cancer and the BRCA genes. In the group most likely to have the gene, women who had gotten cancer before they reached age 36, only 3.5 percent had BRCA 1 and 2.4 percent had BRCA 2. In women between ages 36 and 45, 1.9 percent had BRCA 1 and 2.2 percent had BRCA 2. So it’s a very small percentage, even among young women. However, among women diagnosed with breast cancer before age 35 or women with a history of early breast cancer and a close relative with ovarian cancer, the risk of having the mutation can be greater than 30 percent.


If you think your family may be at risk for hereditary breast cancer and you don’t have breast cancer, the best approach is for the relative who has had either breast or ovarian cancer to be tested first. If your mother has breast cancer, is tested, and discovers that she doesn’t have a genetic alteration, there’s no need for you to get tested. If the test finds that she has a mutation in the BRCA 1 gene, then you can be tested for that specific mutation and save money and time. And if you don’t carry her mutation, then you know you didn’t get it. This is called a true negative. Again, that’s no guarantee you won’t get breast cancer, but the risk is much reduced and is the same as that of anyone whose parents did not carry the genetic mutation.


One of my friends of Ashkenazi Jewish descent was diagnosed with breast cancer and was found to carry a mutation in the BRCA 1 gene. This led her sister and brother to be tested. Both her siblings were found to be carriers. Within a few months, her sister was also diagnosed with breast cancer. The good news came when her 25-year-old daughter decided to be tested after reviewing her options with a hereditary breast cancer specialist in Washington. Everyone breathed a sigh of relief when she was found to be negative for the mutation carried by her mother, her aunt, and her uncle.


A more complicated situation occurs when there is a lot of breast cancer in your family (two or more breast cancers under age 50 or three or more breast cancers in relatives at any age) and yet you test negative for BRCA 1 and BRCA 2. This is called a noninformative test because, though the test did not detect anything amiss, this does not guarantee that there is no increased risk. It doesn’t mean you don’t have any breast cancer gene; it just means you don’t have a mutation in BRCA 1 or BRCA 2. You could have a gene we haven’t yet discovered. Because only 25 percent of families with only breast cancer (no ovarian cancer) carry a mutation, this is a large group. For those families, a genetic counselor may suggest a panel to look for some of the other hereditary syndromes mentioned. One analysis by Steven Narod’s group in Canada calculated that such families still had approximately a fourfold increased risk of breast cancer compared to the general population and still should be screened and maybe even consider chemoprevention (see Chapter 6).25 A Facebook friend reported that she was the ninth person in her family to get breast cancer. All the computer modeling and genetic consultations predicted a 98 percent chance that she would be a carrier of BRCA 1 or BRCA 2, and yet she tested negative. Nevertheless she almost certainly was at increased risk. She probably has a gene/mutation/condition we just don’t know how to test for yet.


A lot of other gene mutations linked to breast cancer risk are being identified as research gains momentum in that area. If you think you may have a mutated gene in your family, you should talk with a genetic counselor or specialist in this area.


The Risks and Benefits of Getting Tested


What precisely are the risks? As I noted, one is financial. The testing can be expensive, costing from $300 to $5,000 depending on whether you are testing for a specific mutation known to be in your family or doing an extensive screen. You can first be tested for the most common BRCA 1 and BRCA 2 mutations and PALB2 with several commercial laboratories, which should cost less, or do a more extensive screen. This again points out the benefit of knowing what you are looking for, such as a mutation that has already been found in the family as opposed to a more expensive fishing trip. If a particular mutation is identified, then other family members can get tested for less. That’s because the really hard work is searching for a possible mutation. It’s like proofreading an entire manuscript to find the typo; once you know the location, finding it in other copies is fairly easy.


Some insurers will pay for the test, but that is not always the case. Initially there was fear that insurance companies would discriminate against people who had been tested. The 2008 Genetic Information Nondiscrimination Act protects against discrimination based on an individual’s genetic information or disability by health plans but not life insurance plans. The confidentiality of genetic information is protected under the HIPAA Privacy Rule as health information. You can also be tested under a code number or an assumed name. Still, it would be smart to check the laws in your state and the policy of your insurance company before proceeding.
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