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Praise for The Lucky Years



“In this important book, David Agus—one of the most inspiring, practical, and knowledgeable people I know—shows us how to participate in the world of personalized medicine. It’s easier than you think, if you have this book to guide you.”

—Howard Stern, host of The Howard Stern Show

“Dr. Agus has done it again. The Lucky Years gives us a smart, informed, and sensible look at the latest medical breakthroughs and new technologies. Important and courageous, it tackles tough questions while showing us how to prolong the quality and length of our lives.”

—Walter Isaacson, author of Steve Jobs and The Innovators

“We all have a vague sense that there is a revolution underway in the world of biology and medicine. We hear about major innovations like the sequencing of the genome, targeted drugs, and big data. But what to make of them? How will they improve our health and change our lives? We could not have a better guide to make sense of it all than David Agus. In this fascinating and illuminating book, David brings together a deep knowledge of science, good writing, and common sense. We are lucky to have him around.”

—Fareed Zakaria, host of Fareed Zakaria GPS

“The Lucky Years is an important and courageous book, raising big questions about health, longevity, and what it means to live a meaningful life. With a reverence for data and the latest science, Dr. Agus gives us his vision for a bright future of health, helping everybody understand how to navigate their options in the way that’s best for them—and their loved ones.”

—Arianna Huffington, editor in chief of The Huffington Post and author of Thrive

“Dr. Agus offers an optimistic exploration of the new opportunities becoming available to us as exciting new technologies disrupt and revolutionize our understanding and practice of health care. Encouraging, but also clear-eyed and cautionary, The Lucky Years inspires us to take hold of the future of our own health—and, in turn, that of the planet.”

—Al Gore, 45th Vice President of the United States, Nobel Laureate in Peace, 2007

“Dr. Agus describes how a series of scientific breakthroughs enables everyone to lengthen and improve their lives—a future in which our body’s natural mechanisms can be enlisted to fight disease and our genes can be edited to eliminate inherited ones. It is an inspiring vision.”

—Larry Ellison, cofounder and executive chairman, Oracle Corporation

“The Lucky Years is a steady dose of actionable knowledge about the one thing relatable to everyone: life. It’s the doctor-patient relationship we all want and deserve. Dr. Agus is a trusted voice in a field of uncertainty.”

—Ashton Kutcher

“It sometimes takes a genius to know the difference between what’s good and bad for us amid all the noise in health circles. Thanks, David Agus, for being that genius.”

—Michael Dell, founder, chairman, and chief executive officer, Dell, Inc.

“The Lucky Years inspires you to live a more healthful and meaningful life and provides practical and hopeful guidance for the path ahead. Dr. Agus will show you what it truly means to enjoy the lucky years.”

—Dov Seidman, author of How: Why How We Do Anything Means Everything

“Dr. Agus presents a provocative, highly informative way of understanding revolutions in health and health care today that will change the quality of our lives.”

—Murray Gell-Mann, PhD, Nobel Laureate in Physics, 1969, and distinguished fellow and cofounder of the Santa Fe Institute

“Dr. Agus once again gives us a clear path to better health. We are lucky to have such an incredible guide to such a critical subject.”

—Marc Benioff, chairman and CEO, salesforce.com

“[Dr. Agus] takes a hard look at the latest medical findings to show simple tips to living longer.”

—New York Post

“If you have made a new year’s resolution to get healthier, you’ll find a buddy in David B. Agus’s new book, The Lucky Years.”

—The Boston Globe

“What is strongest here is Agus’s deft marshaling of research old and new, and his common-sense guidance on preventives such as sleep hygiene and the optimal level of exercise.”

—Nature

“Agus insightfully discusses how recent technological trends have the ability to boost both the medical industry’s ability to effectively treat patients and its public perception, something that has incrementally declined through the last decade…. Highly informative…. Practical health information fortified with exciting news from the forefront of modern medical technology.”

—Kirkus Reviews
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NOTE TO READERS

This publication contains the opinions and ideas of its author. It is intended to provide helpful and informative materials on the subjects addressed in the publication. It is sold with the understanding that the author and publisher are not engaged in rendering medical, health, or any other kind of professional services in the book. The reader should consult his or her medical, health, or other competent professional before adopting any of the suggestions in this book or drawing inferences from it. The author and publisher specifically disclaim all responsibility for any liability, loss or risk, personal or otherwise, which is incurred as a consequence, directly or indirectly, of the use and application of any of the contents of this book.





To my dear children, Sydney and Miles:

On May 25, 1961, President John Fitzgerald Kennedy proclaimed, “I believe that this nation should commit itself to achieving the goal, before this decade is out, of landing a man on the moon and returning him safely to the earth.”

On July 20, 1969, Neil Armstrong with the Apollo 11 crew fought to land the lunar module before it ran out of fuel. Armstrong eventually took that first step on the moon. The average age of the remarkable team at Mission Control in Houston was twenty-six years old.

That means the scientists and engineers in Mission Control were just eighteen years old when Kennedy made his 1961 statement. These teenagers who listened to President Kennedy were the future space program. Similarly, you and your generation are our future in health and medicine. We need you and are depending on you so we can continue the Lucky Years.

And to my partner, best friend, and wife, Amy:

Your love and support inspire me daily. I am so excited and privileged to continue to enjoy the Lucky Years with you…






… most men and women will grow up to love their servitude and will never dream of revolution.

—Aldous Huxley, Brave New World (1932)
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INTRODUCTION Destiny of the Species Welcome to the Lucky Years



O wonder!

How many goodly creatures are there here!

How beauteous mankind is! O brave new world,

That has such people in ’t.

—William Shakespeare, The Tempest, act V, scene I



Miss Wanda Ruth Lunsford, twenty-six, must have been thinking about her own mortality the day she reported on a stunning experiment.1 Picture two rats, one old and gray, the other young and vivacious. Now imagine joining them surgically at their sides by peeling away a thin layer of skin and neatly stitching the exposed surfaces together. Through this Siamese-twin-like junction, the rodents are able to share their circulation, pumping each other’s blood and exchanging bodily fluids. Miss Lunsford and her colleagues wanted to see what would happen. Among the rats that survived the unnatural union, the geriatric ones physically turned into their younger counterparts, as if they’d tapped the fountain of youth. The elder rats gained shinier, more colorful fur and clearer eyes, taking on the general appearance of the younger rats hitched to their sides. A four-hundred-day-old rat, more or less akin to a middle-aged man, lived nearly as long as the spry counterpart to which he was attached.

When Miss Lunsford, a nutritionist and graduate student at Cornell University working in the lab of biochemist and gerontologist Clive McCay, shared these results at a gathering to focus on the problems of aging led by the New York Academy of Medicine, no one—not even Lunsford and her teammates—could explain this “age-reversal” transformation. The year was 1955, the same year the Food and Drug Administration approved the polio vaccine, the power of the placebo effect was first written about, Albert Einstein died at the age of seventy-six, and Steve Jobs and Bill Gates were born.2

Miss Lunsford’s procedure, anatomically linking two organisms, had a name by then—parabiosis. But while this wasn’t the first time it had been performed, her explorations were among the first to use parabiosis to study aging. And they weren’t without their challenges. According to one description of the research, “If two rats are not adjusted to each other, one will chew the head of the other until it is destroyed.”3 Of the sixty-nine pairs of rats that Lunsford had helped conjoin in Clive McCay’s lab, eleven died from a peculiar condition that developed about one to two weeks after partners were united; it was likely a form of tissue rejection. But the pairs that survived gave a glimmer of hope for reversing the maladies we all face.

In February of 1956, McCay, Lunsford, and a third Cornell researcher, Frank Pope, published their findings on the procedure’s overall restorative effects in the Bulletin of the New York Academy of Medicine with an apt title: “Experimental Prolongation of the Life Span.” In 1960, the results of Miss Lunsford’s investigations in McCay’s lab culminated in her thesis dissertation.4 But the research didn’t take off as you might expect in light of such intriguing findings. It pretty much sputtered and stalled for the next sixty-odd years. Interestingly enough, you can get a sense of the climate in which these scientists were working by reading a line in the opening paragraph of their paper: “Thus far man has made little progress in [studying aging] because human beings have chosen to expend their energies in improving the supposed comforts of living and methods of warfare.”



[image: Image]
The studies done in laboratory mice indicate that young blood can reverse some signs of aging when given to an older mouse, suggesting that young blood contains “rejuvenation” factors. This figure demonstrates the two ways to reverse aging in the studies. (A) Heterochronic parabiosis is the process by which an old and a young mouse are joined surgically at the skin (where the arrow is pointing), thereby allowing their blood supplies to mix as the skin grows together. (B) Plasma from a young mouse (containing all of the proteins) is regularly injected into the tail vein of an old mouse.



When researchers at the University of California, Irvine, and the University of California, San Francisco, studied the life spans of old-young rat duos in 1972, they noticed that the older rodents lived four to five months longer than controls did.5 This was another important clue suggesting that young blood might affect longevity if it’s allowed to circulate in an aged animal. But that wasn’t enough to stimulate the research in this area, either, and parabiosis became obsolete. However, early in the twenty-first century, a Stanford stem-cell biologist brought the technique back to life. He was then working under a mentor who’d learned how to join mice together as a teenager in, believe it or not, 1955, while assisting a hospital pathologist in Montana. This ultimately paved the way for breakthroughs in cancer biology, endocrinology, and immunology today.6

In 2014, researchers at UC San Francisco, Stanford, and Harvard each independently repeated Lunsford’s nifty little experiment and discovered that you can reverse aging in older mice by hooking them up to younger ones and splicing their bloodstreams together.7

So what is actually going on physiologically when the old and young combine? This procedure activates dormant stem cells in the older mouse, which turns back the clock and allows the stem cells to restore function to tissues. Stem cells are mother cells with the potential to become any type of cell in the body—from those that allow your heart to beat to brain cells that make you smart—and that also have the power to renew themselves or multiply. The surprising conclusion drawn from this recent parabiotic research is that the secret to reversing aging organs is lying asleep inside each of us!

Future research will figure out how exactly this age-reversal phenomenon works. In almost every tissue examined, including those of the heart, brain, and muscles, the blood of juvenile mice seems to “zap” new life into aging organs by awakening the sleeping stem cells through infusing substances normally associated with youth—proteins and growth factors that are particularly prominent in young blood but not old. Youthful blood sparks the birth of new cells in the brain and the system that governs our sense of smell. It’s also been shown to reverse thickening of the heart’s walls due to aging, increase muscle strength and stamina, and reverse DNA damage inside muscle stem cells. Young blood can promote the repair of damaged spinal cords in older mice and improve learning and memory. A study from a laboratory in Canada in 2015 reported that fractured shinbones of old mice healed faster and better when they were joined to young mice rather than to mice their own age.8

No one paid attention to Miss Lunsford’s work in her day, with its air of science fiction, but everyone in the scientific world today is taking notice, and a groundswell of exciting new research is emerging. What was once an implausible, preposterous idea swiftly cast aside has become a hypothesis in need of serious validation. Are we “de-aging” animals? Are we resetting the aging clock? Or are we merely restoring function to tissues and helping them repair damage?

Human trials are now underway using plasma transfusions. Plasma is a clear straw-colored liquid component of blood that contains a complex mixture of substances and proteins, some of which help the blood to clot. Plasma is the single largest component of blood, but it’s missing from traditional blood transfusions, in which only the red blood cells are transfused. For this reason, blood transfusions aren’t fountains of youth. In 2015, a clinical trial in California became the first to start testing the benefits of young plasma in older people with dementia. Clinical trials in other disease areas are scheduled to begin in 2016. I am planning clinical trials in patients with advanced cancer that have failed treatments. Almost 90 percent of pediatric cancer is curable. If I can convince the body it is young again, maybe I can cure cancer.

Of course, certain problems still need to be worked out to prevent unwanted potential side effects, such as the body’s rejection of the transfusion with a dangerous immune reaction. We also need to figure out how much and how often to give the plasma. Plasma from donors is also not a long-term or scalable treatment option. We first need to identify the active proteins and make them into drugs so they can be made available for large numbers of people. This will be a good thing, though, because it will prevent the development of a black market for plasma, whereby young and healthy children and teenagers bleed for the highest price. Or worse, supplies of fake or tainted plasma enter the market. These fears are not unfounded. Health is one of the most lucrative sectors for con artists and criminals.

And the fact that such therapies activate stem cells is also a double-edged sword. On the one hand, it gives an old body access to new and vibrant cells. But it also means that over a long period, cell division could run amok, and this has the potential to produce cancer and other disorders. Despite all this, the concept is promising on so many levels once we know how to minimize the side effects and potential for evil business trades, as well as maximize the benefits. So picture yourself receiving a dose of synthesized young blood or protein someday in midlife and in your golden years to stave off the Alzheimer’s disease that runs in your family, to help you maintain your mobility, to speed up your metabolism so you can effortlessly lose and maintain your weight, to quash chronic conditions such as insulin resistance and diabetes, to clean your liver and arteries, to wipe out arthritis and revitalize joints, to balance your body’s flow of hormones and its circadian rhythms so that you feel good all day long, to abolish gray hairs and return your hair to its natural color, to lift your spirits and stamp out your chronically bad mood, and to trigger your body to behave—and look—as if you are decades younger. This may be possible sooner than you think.


Welcome to the Lucky Years

We are indeed living in a brave new world, but this one won’t be dystopian as the one Aldous Huxley portrayed in his famous book.

Chances are you stand to live a much longer, more enjoyable life than you ever thought possible—thanks not only to such age-reversing remedies as plasma transfusions, but also to a staggering volume of other new knowledge and technologies in medicine. Scientists are developing drugs to reverse once-fatal ailments such as heart disease and figuring out how to harness a person’s immune system to melt away cancer. They are designing computer applications to help us regularly and effortlessly track key features of our biological functions including blood sugar, sleep quality, heart rate, blood pressure, stress levels, mileage, moods, and even risk for problems ranging from depression to cancer.

For the first time, we have at our disposal all the information we need to design our own health—and, in turn, the health of the planet. Put simply, people living in the twenty-first century are the most fortunate of all previous generations. That’s why these are the Lucky Years.

If you are fifteen years old or younger and living in a high-income country, your chances of developing and dying from breast cancer, heart disease, lung cancer, or leukemia before your sixtieth birthday are declining dramatically. Despite much higher rates of obesity and physical inactivity, premature death and disability from noncommunicable diseases (e.g., heart attacks, chronic respiratory diseases, and diabetes) have declined significantly in the United States and other high-income countries, thanks to inexpensive and effective prevention, early detection, management, and treatment tools and policies. But more needs to be done, and it will come from us if we can do three things: believe that aging is optional, think about our future, and act on it today.




A Brave New Reality

The Lucky Years have been the destiny of our species for millennia. But there’s a catch to benefiting from this new era. You as an individual and we as a society stand at a historic crossroads. Only those who learn how to think, act, and behave certain ways will reap the benefits of the tremendous opportunities afforded to us through the power of these medical revolutions.

Andy Grove, the former CEO of Intel and a pivotal early mentor of mine, once referred to an inflection point in the development of technology—a critical moment when the curve of progress versus time changes, the things that used to work don’t work anymore, and new, necessary technologies become available. Individuals (or companies) that adapt to the shift and use those emerging technologies are wildly successful, and those that don’t adapt fail.


[image: Image]
Andy Grove’s concept of the inflection point in the curve of progress versus time, adapted from Only the Paranoid Survive.9



This concept is often used in business circles, but it applies to matters of health as well. The slope of the curve of progress versus time in medicine is changing rapidly, and we all must adjust our thinking and behavior to take advantage of what the Lucky Years offer to fight against disease and premature death. Hence, The Lucky Years is about this inflection point that is happening in health—and how to respond appropriately to the ongoing revolution. The costs of not doing so are too high.

Indeed, despite the spectacular volume of information on how to live better available in the past two decades, we continue to suffer from chronic, debilitating, and largely preventable conditions that strike us at increasingly younger ages. And as a cancer doctor who watches people die weekly, I think this is categorically unacceptable. I’m excited about the opportunities that we all have today. But I’m also worried that many people won’t benefit from this medical revolution unless they have a certain knowledge base and the tools to take action. At the same time, we also need society to continually and speedily build the framework and allocate resources to enable further changes to occur. I hope this book will help us all do just that.

New technologies and constantly emerging data have produced the age of precision medicine, sometimes called personalized medicine. But precision medicine is still stuck in treatment mode—it’s being used primarily to learn how to treat your condition precisely once you have it. It hasn’t moved into the realm of prevention. However, it will, and it will shed the imperfections that distort the field today. For example, a major 2015 report published in the New England Journal of Medicine, one of the best, most respected medical journals in the world, warns that DNA testing results can be dramatically flawed.10 These genetic analyses that profile your DNA are supposed to assess risk for numerous ailments including cancer, heart conditions, and Alzheimer’s disease.

You’d think these screenings would be straightforward and unequivocal, as if you’re reading a sentence that says, “You have a higher risk of breast cancer because you carry a defect on the BRCA gene.” But when given the same test results, doctors interpret the data differently. Some say there’s a higher risk or lower risk of developing a disease based on the same genetic defect. Unfortunately, not all gene mutations—variations in human DNA, or variants—are equal. Mutation carries a connotation of negativity and harmfulness, but that’s not entirely accurate. Some mutations increase risk by a lot, while others barely nudge the risk meter or don’t do anything. And most variants are unresolved—we don’t know what they mean, which creates an even bigger dilemma for both doctors and patients. Complicating matters further, most variants are uncommon, so it becomes an even greater challenge to distinguish those that matter and determine by how much. Although the federal government helped create and finance ClinVar, a database for scientists around the world to collect anonymous gene findings, there’s no federal oversight on the actual execution of the technology to push for better standards and a universal understanding of how one should interpret results accurately.

In fact, the use of many new medical technologies lacks proper oversight, and this can make them harder to put into effect or more prone to errors and misuse. In the case of DNA screening, companies are testing for lots of gene variants, many of which haven’t been scientifically validated as to what they might mean in terms of risk factors for disease.

In the case of ClinVar, which became the basis for the review published in the New England Journal of Medicine, the project has documented more than 172,000 variants in nearly 23,000 genes.11 This represents a mere fraction of the millions of variants known to exist, but at least they reflect some of the more common alterations. Nearly 120,000 of these variants can influence the risk for a disease. A few labs have analyzed a little more than 10 percent of these variants, allowing results to be compared. But they don’t agree on what the variants mean in all cases. Some identified variants that raise risk while others said those very same variants had either no effect or an unknown effect. Different interpretations are currently found in more than 400 gene variants—interpretations that could inform a medical decision, such as whether to get a defibrillator implanted in your chest to slash the risk of sudden cardiac death, or to have healthy organs removed to lower the risk of certain cancers (e.g., breast and ovarian).

I’ve experienced the frustration of such fallibilities in my own family with a loved one who was tested for risk of Alzheimer’s disease. The results of her genetic screening showed a higher-than-normal risk. She lived with the psychological weight of this outcome for two years until she was tested again, and another variant was then discovered that protects her from that devastating affliction.

On a similar note, I had a fifty-year-old patient with metastatic lung cancer—cancer that had started in his lungs and traveled to other organs in his body. The odds of survival in cases such as this are typically low. When I ordered a test to sequence his tumor from the hospital that had done his initial lung surgery, it was determined that there were no gene variants to target with drugs. But then I had another lab perform the testing, and the results revealed a variant to target. This man is still alive today, four years later, thanks to finding that target and using drugs that slowed the progression of the cancer. I’ll be going into more detail about this kind of testing later in the book, as well as explaining more about what gene variants are and how they play into your fate. The point is, it’s sometimes better to do no test than the wrong test, and you should never underestimate the value of a second opinion. In the future, however, such testing will become more absolute and reliable, lessening the need for second opinions.




It’s Not a Right, It’s a Responsibility

In the upcoming chapters, I’ll also be presenting some of the bigger issues we have to understand and face in the Lucky Years. What are the ethical considerations of many of these advances? Should there be regulation? Who should lead these efforts?

Let me give you a prime example of losing in the Lucky Years amid great revolutions. Over the next decade, millions of people will achieve better health with breakthrough new medicines. But at the same time, millions more will also become victims of counterfeit drugs. Upwards of 40 percent of drugs in third world countries are fake, but even in the United States and Canada, doctors, pharmacies, and consumers have unknowingly purchased bad medicine due to weaknesses in the supply chain. It’s easier to counterfeit a drug than money; all you need is a pill presser, available today online for less than $1,000. The stakes are high when you look at human lives, and particularly so in areas of medicine where people are desperate. How many patients in Boston and Baton Rouge have died from counterfeit drugs? One of our most important anticancer drugs, bevacizumab (Avastin), was counterfeited in 2011 and sold to Americans who ended up losing several months of their lives.12

We expend so much energy and brainpower to protect our bank accounts, credit cards, and other important things, yet we don’t do the same for drugs. We also lack proper safety measures in the production and distribution of food, hence the routine headlines about tainted meat and dairy, expensive recalls, and scary salmonella or listeria outbreaks that kill vulnerable people, young and old. We need to bring technology into the food and drug realms or we are going to be in trouble.

We also need health care to be above politics. For example, consider newborn screening with heel sticks, a tiny sampling of blood drawn by pricking the heel with a needle, which started in the 1960s and became standard and mandatory across the country. Every child is screened now for more than thirty rare and life-threatening diseases. In the past, research has been done on those blood samples to provide information that’s critical to improve the health of every child in this country. But in December 2014, conservative lawmakers got their way when President Obama signed into law a bill requiring informed consent on every sample to be used for federally funded research. The new bill basically eliminated the research component to the blood draws because of the costs and difficulties involved with obtaining informed consent. Was anyone harmed by how the process worked for fifty years before that?

The answer is no, and thousands upon thousands of lives were saved with the information culled from those heel sticks, which not only alerted new parents as to their newborn’s chances of having a genetic or metabolic disorder but also provided free, semi-anonymous data that fueled important research. (I say “semi” because individual names are redacted, but certain identifying features remain that are necessary for research, such as gender, age, and ethnicity.) One out of every 1,500 babies will develop a disorder detectable through newborn screening. Because most newborns tend to look normal, there is no way of knowing if a child has a problem until diagnosable, visible symptoms develop. By then, it may be too late to stop or reverse the effects.

Phenylketonuria, or PKU, is an example of one such inherited disorder that causes an amino acid called phenylalanine to build up in your blood. On soda cans you see labels warning people that the drinks contain phenylalanine, which individuals with PKU cannot metabolize properly. This is due to a defect in the gene that helps create the enzyme needed to break down the substance. If you don’t know that your child carries the mutation for the disorder upon birth, then you won’t know to avoid phenylalanine, commonly found in not just soda but many foods with protein. Serious developmental and intellectual challenges can result if a newborn with PKU isn’t screened and identified quickly after birth.

We know a lot more about inherited disorders like PKU today, thanks to these universal screenings and the research they have fueled. But in 2015, a study of about 400,000 newborns in California could not move forward due to the impasse the new law created when more than half of the participants didn’t sign the consent. So I ask: Do you want privacy above progress?

We allow people to drive their cars until they fail a portion of their test. If you’re older and have a problem, you lose your license. Clearly, our behaviors affect other people around us when we drive. By the same token, our health affects other people. When we are sick and in need of medical care, it strains family members, society, and the government to some degree. We all pay.

We need to think of health care in the same way. Driving is not a right; driving is a responsibility. Likewise, health care is not a right; it’s a responsibility. And step one in taking on that responsibility, both personally and for the sake of a healthier society, requires an important tool that this book helps you gain: an understanding of your personal context.




The Power of Context

When I have to tell patients and caregivers that I have nothing left to give them to treat a disease and that the end is surely near, I can’t help but think: What could I have done differently? What could they have done differently? What could have changed the course of their fate? Was there a clinical trial that could have helped them? How could they have delayed this unfortunate, agonizing premature death when they deserved more fulfilling years of life?

And then I have to reconcile the fact that yes, there’s a lot we all could have done, but the clear changes could have been in their lifestyle choices and even in their thinking processes. Here’s what I mean by that: If you throw a lit match into a dewy wet forest, what happens? Nothing. But toss that same incendiary device into a parched landscape that hasn’t seen rain in a long time, and you’ll soon have a quickly moving fire on your hands. The difference between these two environments—one damp and saturated and another dry and thirsty—means everything in terms of how they respond to that spark.

I use this analogy frequently when I describe how one person can be diagnosed with cancer while another, perhaps even an identical twin, escapes such a condition. If I were to pluck at random one hundred people over the age of fifty from the streets of New York City and sequence their DNA, many of them will show mutations for genes that can trigger leukemia. But only a small fraction of them will ever develop it. What explains this? Again, go back to the image of the forest. One has an environment that effectively squelches the flame while the other has an environment that feeds it. In my world, in terms of the body, I call this “environment” context. Each one of us harbors a certain context we must honor in our health decisions. What’s good for me might not be good for you, depending on each of our individual contexts. If we can know more about our personal contexts, we can make better decisions for ourselves.

An intriguing 2015 paper published in Science called attention to the fact that normal skin taken from people’s eyelids—a common place for cancer-causing UV exposure from the sun—is already chock-full of potential drivers, or mutations, for cancer.13 So while the gene alterations pointing to cancer are already there, these people didn’t have skin cancers. Why not? Probably because the context wasn’t right despite these mutations. UV radiation causes so many mutations that we would all have skin cancer all the time if there were an absolute and linear path between these mutations and the development of skin cancer. But that doesn’t happen. Which points to the complexity of a disease like cancer and the complexity of its context—the human body. Quite simply, the DNA changes are necessary, but not sufficient for cancer to happen.

The concept of context cuts multiple ways. Your body today won’t be the same in five, ten, and twenty years. Similarly, your body goes through different contextual phases during every hour of the twenty-four-hour circadian cycle. When you woke up this morning, various hormone levels in your body were totally different from where they are now and where they will be when you climb into bed tonight. At the same time, your DNA—your inherited code of life—is probably behaving differently right this moment than it will tomorrow, next month, or a few years from now. When I was in medical school, the prevailing wisdom said that DNA was, for the most part, fixed. But today we know otherwise. Just as information is fluid and dynamic, so is the readout from your DNA. What we eat, how often we get off our butts and break a sweat, what we’re exposed to in our environment, how deeply we sleep, which drugs and supplements we take, and even the beliefs we keep in our minds all affect the expression of our genetic code. And this, too, plays into our context and risk for illness and disease.

Far too often, we are given one-size-fits-all health recommendations that don’t necessarily consider our individual context. And indeed, there’s a lot of noise out there in the arena of health advice. For every scientific article, for example, that tells the truth but remains buried in the literature, six others tell the untruth that the media likes to play up. For every person who says do this, not that, there’s someone else saying exactly the opposite. And then at the same time we hear about impressive new technologies that might wipe out diseases like obesity and cancer. Question is, will they help you? Which research is actually promising and why? How does the average person access the most cutting-edge technologies and medicine? Which data-based medical ideas and applications are total bunk? What will our experience of a doctor’s visit be like in the Lucky Years? And aside from high-tech strategies now or soon to be available, what low-tech habits should we all keep in the Lucky Years? You’re about to find out.



The explosion of medical information has far outstripped our ability to process it. This is why we need a new way to make personal health choices. After all, we have already entered the Lucky Years, and those of us who have the information to take action will only get luckier. I can’t reiterate this enough: your right to pass into the Lucky Years is not predicated on wealth, personal resources, or social status. In the old world of medicine, only those who could afford the surgery and expensive, exclusive therapies to look younger could benefit. But now the game has changed. The Lucky Years don’t discriminate based on money. They’re a privilege of the prepared and knowledgeable.

One of my goals is to show you why each person must consider participating in our great health care system for the benefit of all of us. After all, don’t you want to be part of the cure to illnesses? You can be. My hope is that you can begin to experience life—and health—in a whole new light. In the words of Sir William Osler, the father of American medicine, “The value of experience is not in seeing much, but in seeing wisely.” It’s time for all of us to see ourselves—and the future of our health—wisely.








CHAPTER 1 The Century of Biology The Cure Is Already Inside You



I’m fascinated by the idea that genetics is digital. A gene is a long sequence of coded letters, like computer information. Modern biology is becoming very much a branch of information technology.

—Richard Dawkins, British biologist and writer



Hardly a day goes by that I don’t get at least one question about whether or not X, Y, or Z is “healthful.” And yet I encounter a lot of skeptics and naysayers who want to go to battle against compelling, irrefutable data. It’s disheartening to hear that public trust in physicians has plummeted over the past several decades.1 In 1966, almost 75 percent of Americans said they had great confidence in the leaders of the medical profession; by 2012, that percentage had dwindled to some 30 percent. Why is this happening, and what does it mean for our collective and individual health? In another study, Princeton researchers found that people tend to regard scientists as they do CEOs and lawyers: all three types of professionals are perceived as highly competent but cold. Their work earns respect but not trust.

A couple of researchers at the University of Chicago in 2014 conducted a study of more than 1,350 randomly chosen Americans who provided written responses to questions. Astonishingly, half of Americans believe one of the following:2


	Companies knowingly dump large quantities of dangerous chemicals into our water supply.

	A US spy agency infected African Americans with HIV (and some are now saying that viruses with high mortality rates such as Ebola have been used for sinister purposes such as population control).

	The government tells parents to give vaccines to their children even though that could increase their risk of developing autism.

	US health officials withhold information about natural cures for cancer so that pharmaceutical companies can continue to profit.

	The government and health officials pretend they don’t know that cell phones can cause cancer.

	Genetically modified foods (GMOs) are a plot to shrink the global population by delivering foods that can be toxic to unsuspecting consumers.



To my chagrin, the greatest proportion of people in the study—more than one-third—believed that corrupt practices occur routinely in my line of work. They subscribe to the idea that the FDA deliberately suppresses information about alternative cancer treatments that don’t entail drugs and radiation. Do any of these theories have merit? None do. Unfortunately, many people don’t know where to turn for unbiased, trustworthy information, so these dangerous mythologies persist. And merchants of doubt and fear will keep these ideas alive.

After the publication of The End of Illness, my first book, I went through a revealing experiment. My credibility and “persona” were put to the test when four focus groups categorized by age (two groups of twenty-one- to thirty-nine-year-olds and two groups of forty- to sixty-year-olds) were exposed to a series of clips of me on various television shows. Then they were each interviewed about their general impressions of health and reactions to my message. Mind you, these were people who were chosen because they actively gathered information on health and wellness, and none worked in a health care setting. I won points for coming across as warm, trustworthy, passionate, and knowledgeable, but it didn’t end there. I learned that Americans, broadly speaking, are inherently mistrustful of “experts”; they presume everyone is in someone’s financial pocket and worry doctors could push drugs for kickbacks rather than solely making decisions in the patient’s best health interest.

I also learned, this one to my surprise, that Americans perceive vitamins and drugs differently. They are psychologically averse to taking drugs, but not to taking vitamins. Why? Because, according to accepted wisdom, pharmaceutical companies promote drugs for their financial interests whereas purveyors of vitamins are motivated by your health interests. Suffice it to say, I walked away from the experience having learned that it’s more important to express human concern than to launch into a jargonistic lecture about medicine.

It can be hard to change people’s fierce beliefs about health, and that may be because holding on to them is part of our preprogrammed survival instinct. But we’re no longer residing in caves. Now that we live in an era of abundant information and data, we need to develop a new survival instinct that’s deft at navigating through the rapidly changing flow of information, some of it good, some of it not so good. Consider supplements, including those touted by popular physicians in the media. Most people are surprised to learn that supplements are almost entirely unregulated, so you don’t know what you’re really getting when you buy them, and their side effects and potential consequences to you could be hidden or, worse, unknown.


It’s Complicated but Promising

One of my most important pieces of advice to people who seek the secrets to living long and well, and deciphering the good from the bad information, is to honor your body as an exceedingly complex organism with its own unique nuances, patterns, preferences, and needs. And there is no “right” answer in health decisions. You have to make suitable decisions for you based on your personal values and unique health circumstances as your context evolves and changes throughout your life. As it turns out, we’re finally at a time in medicine where we can start to customize prescriptions for people—both general lifestyle interventions and specific drug and dosage recommendations to prevent, treat, or head off a disease. It doesn’t matter if you call it personalized or precision medicine. The goal is the same: to prolong the quality of individuals’ lives by using their personal health profiles to guide decisions about the prevention, diagnosis, and treatment of disease. And by profile, I don’t mean just one’s genetic code.

More than a decade has passed since scientists sequenced the entire human genome of about 30,000 total genes and 3 billion letters, and since then we’ve made many discoveries about the power we can wield over our individual DNA. Disease cannot be predicted by genes alone, for our genes don’t work in a vacuum. Instead, they are significantly influenced by complex interactions with our diet, behavior, stress, attitude, pharmaceuticals, and environment. Every day a new finding correlates these factors with risk for illness. So when a diagnosis does in fact come in, you probably cannot point the finger at any single culprit. The condition is likely caused by an elaborate network of forces interacting within the complex human body. And ultimately, the result is that certain genes get turned on or off, triggering pathways whose endpoints are illness.

Let’s say you have a genetic vulnerability to stomach cancer and heart disease. Does this mean these ailments are your destiny? Far from it. Your lifestyle choices largely determine whether those inherited codes express themselves or not and become your liabilities in life. In other words, you get to choose—to some degree—how your DNA is manifested. Genetics account for about a quarter of aging—how fast or slow you age and whether or not you’re still getting carded at age forty. Habits can sometimes trump genes when it comes to the pace of your aging and how long you live. The nature vs. nurture debate has been clarified by the science of epigenetics—the science of controlling genes through environmental forces, such as diet and exercise. But my thoughts on epigenetics aren’t totally aligned with those of other doctors. I don’t, for example, subscribe to the theory that doing X, Y, and Z can change gene A, B, and C to effect outcome D, E, F. This is a complicated area of medicine where the data is still elusive. That said, I do believe that none of us is necessarily a victim of our DNA. And a lot of the advice doled out amid the hand waving is often good general advice, such as “eat real food” and “move more throughout the day.” Who can argue with that?

As an aside, I find it amusing that in the summer of 1960, at another meeting where Wanda Lunsford presented her reports about the power of parabiosis—which were largely ignored by the general media—findings from another rat study zipped out to the nation through the Associated Press.3 To quote the news directly: “How to Live Longer? Slow Eating! An experiment on rats has yielded hope that overweight people can prolong their life expectancy by as much as 20 percent. The Secret: Eat half as much.” Again, can we argue with that? So we can be the architects of our own future health, so long as we’re realistic about what we can control or hope to control.

Now, sometimes certain genes are, in and of themselves, enough to cause disease regardless of how we live. But the vast majority of conditions commonly diagnosed today are those that result from the intricate play between genes and the body’s contextualized environment. This helps explain why most of the women diagnosed with breast cancer, or any degenerative condition for that matter, don’t carry any inherited genetic mutations associated with the disease, nor do they have a family history of it. For example, Angelina Jolie’s double mastectomy in 2013 was the right choice for her because she had a genetic mutation known to dramatically increase the likelihood of breast (and ovarian) cancer, but this is uncommon; only 5 percent to 10 percent of breast cancer cases in women are attributed to a harmful mutation in BRCA1 and/or BRCA2 genes. Most women who have a mastectomy choose to do it for other reasons. And those who opt for a double mastectomy due to cancer in one breast but who don’t carry faulty genes linked to breast cancer will only increase their chances of survival negligibly—less than 1 percent over twenty years.

Heart disease, for another example, remains our number one killer for both men and women, but the most common causes of heart disease are not congenital heart defects. They are factors such as smoking, excessive use of alcohol or drug abuse, and the downstream effects of poor diet and unremitting stress, obesity, diabetes, and high blood pressure. Note that these are all factors that change a person’s context. In 2015, the number of obese individuals in the United States as measured by body mass index (BMI) finally overtook the number of people who are overweight. That wasn’t the year that people’s genes changed to code for obesity. Something in their environment—in their context—changed, leading to more obesity, which is defined as having a BMI of 30 or above. While that sounds like terrible news, the silver lining is that such variables as the environment are often changeable, thereby making the outcome—obesity—reversible. And that’s the kind of positive thinking we need going forward. Alongside that positive thinking will be new technologies that make ending obesity, as well as other maladies, possible.

Do you need to have your DNA profiled today? Not necessarily. My whole point is to show you how to take advantage of the most accessible, inexpensive tools in understanding your health and your health care needs. Besides, in the future doctors won’t have to analyze your entire genome. They’ll be able to use a simple blood test to look for genetic markers that are associated with certain risk factors. We already know of about three hundred markers that matter to human health. And dozens more will soon follow, if they haven’t already by the time you read this book.

I am confident that within five to ten years, each one of us can be living a life of prevention that’s so attuned to our individual contexts that diseases of today will be virtually eradicated. But this requires that we each get started now.





Steve Jobs’s Other Legacy

In 2007, I was asked to be on Steve Jobs’s medical team to help with his care and serve as a sounding board for him to discuss all the specialists he had in his circle. He was trying to stay as many steps ahead of his cancer as possible. This particular cadre of specialists not only included a handful of doctors from Stanford, close to where Steve lived and worked, but also entailed collaborations with Johns Hopkins and the Broad Institute of MIT and Harvard, as well as the liver transplant program of the University of Tennessee. We took an aggressive, integrated approach that leveraged the best anticancer technology at our disposal. This meant sequencing his tumors’ genes so we could pick specific drugs that would target the defects in the cells that made them rogue. It was a revolutionary approach and totally different from conventional therapy, which generally attacks cell division in all of a body’s cells, striking healthy ones along with cancerous ones.

For us on his medical team, it was like playing chess. We’d make our move with a certain cocktail of drugs, some of which were novel and just in development, and then wait to see what the cancer would do next. When it mutated and found a crafty way to circumvent the impact of the drugs we were using, we’d find another combination to throw at the cancer in our next chess move. I’ll never forget the day we doctors huddled in a hotel room with Steve to go over the results of the genetic sequencing for his cancer.

This type of sequencing isn’t as black-and-white as you might think. Just as interpreting someone’s genetic profile can be subjective, so can the actual sequencing. Even the best gene sequencers from different institutions can find slightly different DNA portraits for the same exact patient, which is what happened with Steve’s screening. After Steve verbally criticized some of us for using Microsoft PowerPoint rather than Apple’s Keynote for our presentations, he learned that Harvard’s results from testing his tumor’s DNA didn’t line up exactly with those from Johns Hopkins. This made our strategizing all the more challenging and demanded that we all get together to go over the molecular data and agree on a game plan.

I wish we could have saved him or turned his cancer into a chronic condition that could be controlled at the molecular level so he could go on to live a longer life and eventually die of something else. I have faith that one day cancer will be a manageable condition much in the way people can live with arthritis or type 1 diabetes for a long time before succumbing to, say, an age-related heart attack or stroke. Imagine being able to edit not only your own genes to live longer, but those of a cancer to keep it at bay, silence its copying power, and stop it in its tracks. From a rudimentary perspective, genes are your body’s instructions, encoded in DNA. And cancer involves genes with a defect or defects that enable the “bad” cells containing those genes to block their own death or to continually divide, creating more rogue cells that can then maim the body’s tissues and functionality. So with molecular anti-cancer therapies, it’ll be like fixing the typos and misspellings in your personal “document” to live as long as humanly possible. Cancer will become a manageable life sentence, not a death sentence.

One genetic editing tool already exists. It’s called CRISPR, which stands for Clustered Regularly Interspaced Short Palindromic Repeats. This genome editing tool is remarkably easy to use and effective, but it raises many concerns because of its ability to alter human DNA in a way that can be passed along to one’s children and future generations. On the one hand, it can be used to cure diseases inherited from birth or acquired in life. In a fantastic review of the technology for the New England Journal of Medicine, Dr. Eric Lander, director of MIT and Harvard’s Broad Institute, describes some of its utility:


Genome editing also holds great therapeutic promise. To treat human immunodeficiency virus (HIV) infection, physicians might edit a patient’s immune cells to delete the CCR5 gene, conferring the resistance to HIV carried by the 1 percent of the US population lacking functional copies of this gene. To treat progressive blindness caused by dominant forms of retinitis pigmentosa, they might inactivate the mutant allele in retinal cells…. Editing of blood stem cells might cure sickle cell anemia and hemophilia.4



But where there’s a yin, there’s a yang. The other side of this story is that this incredibly powerful technology can be used to control qualities that were previously uncontrollable, such as intelligence, athleticism, and beauty. And we just don’t know what revising the human genome to create permanent genetic modifications might mean for future generations. What if you edit one part of the gene to reduce the risk of X but then inadvertently increase the risk of Y? As Lander notes, “For example, the CCR5 mutations that protect against HIV also elevate the risk for West Nile virus, and multiple genes have variants with opposing effects on risk for type 1 diabetes and Crohn’s disease.” Indeed, our knowledge is incomplete, but we’ll be learning more as we move forward and try to deal with these possibilities—and challenges—on technical, logistical, moral, and ethical levels. I concur with Lander’s concluding statement: “It has been only about a decade since we first read the human genome. We should exercise great caution before we begin to rewrite it.”

There has been an explosion in the use of CRISPR technology around the world. Labs routinely employ the technology in their research experiments. In April 2015, Chinese scientists reported that, for the first time, they had edited the genomes of human embryos.5 Wow! This was all made possible by a single discovery in 2012 by Jennifer A. Doudna, a biochemist at the University of California, Berkeley, who changed this field virtually overnight.6 Discoveries like this are now happening all the time around the world, and we need to be ready. It used to take a long time for new scientific knowledge or technologies published in the medical literature to enter mainstream medicine and fellow research labs, let alone the average doctor’s visit. While it’s been estimated that seventeen years usually pass before research evidence becomes part of clinical practice, that lag time will diminish quickly in the Lucky Years.7 You’ll be able to benefit from the findings of a new study or from a new technology in a matter of hours or days, not years or decades. But we’ll have to figure out what to do with technologies like CRISPR before we unleash those into a clinical setting.

Unlike Jobs’s binary world of computer programming, my field was a source of agony for him because I had to reconcile the hazy line between the science and art of medicine. He couldn’t understand why I couldn’t “debug” him like an Apple engineer.

But I learned again over those four years how important it is to tune in to your body. Steve had an admirable ability to listen to himself and know what his body wanted and needed. Although some will argue that he may have made some unwise choices early on in his fight against cancer—rejecting potentially life-saving surgery and turning to acupuncture, diet, and dietary supplements—that’s not the point. I’m a firm believer that each one of us should be able to make our own decisions when it comes to our health. No one can take away the fact Steve was always true to his wishes, values, and personal health decisions. That he may have lowered his chances of survival by taking an alternative route first is immaterial. It was part of his journey, and he wasn’t doing anything unethical. Steve was instrumental in choosing his therapy and his way of life from beginning to end. For him it was about how his choices made him feel. And he remained very much in tune with himself up to his last breath, letting that intuition guide his every action. I wish for that kind of mentality in not only myself, but in all my patients, friends, and loved ones.

Steve once said to me: “Health sounds like something I’m supposed to eat, but it tastes really bad.” He made sure I kept the word health out of the title of my first book. But I’m using it this time in the subtitle because health has a different context now. We live in an exciting time, a world that is increasingly affording us all the opportunity to thrive for as long as we choose.





Old Wine in a New Bottle

At the end of the eighteenth century, the British scholar Thomas Robert Malthus wrote a controversial set of six books in which he meticulously calculated the end of the world based on the expanding population. At the time, the world housed 800 million people (to put that into perspective, that’s a little less than half the number of people who used Facebook in 2015). He predicted that once the world population hit 2 billion, there would be apocalyptic famine and war. The planet wouldn’t be able to sustain that number of people given its finite resources and arable land. Although Malthus’s computations were incredibly accurate, and many contemporary people would agree with one of Malthus’s assertions—“The power of population is indefinitely greater than the power in the earth to produce subsistence for man”—take a look around you. Obviously, we failed to elicit his predicted outcome, dubbed the Malthusian catastrophe.

In 2011, we surpassed the 7-billion mark, and we are headed to a whopping 8 billion by 2030, maybe sooner. Malthus could not have foreseen the impact that technological innovation would have. It has allowed us to thrive for millennia, and will continue to do so, but only if we prioritize it like never before. Yes, we need to fix global warming, develop plans for water security, solve poverty and pollution, end world hunger, prevent chronic disease, and discover new energy sources—and we can accomplish all of this through innovation in the Lucky Years.

The notion that experiments performed generations ago, like those of Wanda Lunsford, are relevant today should inspire great optimism. I only wonder how many other long-lost studies are holding the key to effective remedies and cures to our modern afflictions. And I also sometimes wonder if we have all the drugs we’d ever need to treat our ailments, but we just don’t know which ones to try on which diseases.

For another example of old ideas once considered crazy or unbelievable gaining a new life in twenty-first-century medicine, take the story of William B. Coley and his “Toxins.”
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William Coley (center) in his surgeon’s jacket attending a Christmas party at the Hospital for the Ruptured and Crippled (now known as Hospital for Special Surgery) in New York City, 1892. https://en.wikipedia.org/wiki/William_Coley#/media/File:William_Coley_1892.jpg.



In 1891, while a surgeon at the New York Cancer Hospital (which later became Memorial Sloan Kettering Cancer Center), Coley reviewed the medical charts of patients with bone cancer and found the sarcoma story of patient Fred Stein. Stein’s cancer regressed after a high fever from an erysipelas (now known as the bacteria Streptococcus pyogenes) infection. The surgeon realized that this wasn’t the first reported case of cancer retreating after an erysipelas infection. Coley then deliberately injected cancer patients who had inoperable, malignant tumors with live bacteria first, then with dead bacteria. His thinking was that creating a bacterial infection would stimulate the immune system, which in turn would also attack the tumor. And it occasionally worked.8 Some of the patients’ tumors vanished. For the next forty years, as head of the hospital’s Bone Tumor Service, Dr. Coley treated more than a thousand people with cancers of the bone and soft tissue using his unorthodox technique, dubbed immunotherapy—using the body’s own immune system to treat and sometimes cure a disease.

Coley’s bacterial elixirs became known as Coley’s Toxins, and they weren’t without their detractors. Even though Coley and other doctors who used the toxins reported excellent results sometimes, Coley came under fire from colleagues who refused to believe them. The harsh criticism came at a time when radiation therapy and chemotherapy were developing, causing Coley’s Toxins to disappear gradually until modern science could show that his principles were correct and that some cancers are sensitive to an amplified immune system. Today Coley is revered as one of the fathers of immunotherapy.

The field of immunotherapy has exploded in the last decade, especially as a method of treating fatal forms of advanced kidney cancer, skin cancer, lymphoma, certain lung cancers, and a few other cancers. Though more patients are benefiting, immunotherapy doesn’t succeed in all cases. We need to learn much more if it will ever emerge as a safe, effective treatment for many different types of cancer. Currently, gains in survival can be seen in a patient where there are few to no effective treatment options and median overall survival is usually less than two years. In oncology-speak, median survival refers to the length of time from either the date of diagnosis or the start of treatment that half of the patients in a group of patients diagnosed with cancer are still alive.

Modern immunotherapy involves either infusing the body with a drug to unleash the body’s own immune system to attack the cancer or injecting a special type of immune system cell called a T cell that has been taken from the patient and then modified in a lab to directly target and attack the cancer cells. These altered T cells become known as CAR T cells, short for “chimeric antigen receptors,” which are proteins that allow the T cells to recognize and assault the specific protein on tumor cells, or antigen. These strategies share the same goal: harnessing the awesome power of the immune system to detect and attack cancer cells, which would otherwise flourish in the body undetected and unregulated.

The drugs getting the most attention are called checkpoint inhibitors. These release the natural brakes on the immune system so it can then launch an assault on the cancer. The treatment itself is called checkpoint blockage therapy. Two “switches” in the body, for example, that prevent tumor cells from attack by the immune system are labeled CTLA-4 and PD-L1. When these buttons are “on,” the immune system is turned down so it can’t recognize and kill cancerous cells. But when we disrupt these switches and block their functionality, this essentially enables the immune system’s sentry—those T cells—to find and pummel the cancerous cells. It’s important to note that cancer isn’t a foreign mass of cells. It’s our own cells run amok, hence it’s difficult for the immune system to “see” them.

In one of the more extraordinary clinical trials taking place today, researchers at Duke University are using a different immune strategy by reengineering the polio virus. The idea of using viruses to attack cancer has been around for more than a hundred years, but we didn’t have the technology or know-how to conduct these experiments until recently. The last case of naturally occurring polio infection occurred in the United States in 1979. These Duke researchers noticed something interesting about the virus: it kills cells by entering them through a “door” called a receptor. The special receptor for the polio virus turns out to be present on most solid tumor cells—lung, breast, brain, prostate—but not on most normal cells. The problem is that it can also attach to nervous system cells called neurons. When it kills them, the result is the muscular paralysis of polio. By extracting the disease-causing part of the virus that infects normal neurons, replacing it with the benign cold virus, and keeping only the part that attaches to and kills cancer cells, we can create a safe virus. Once injected directly into the tumor, it infects a few of the cancer cells and kills them while at the same time nudging the immune system. The immune system wakes up and thinks, This is polio! and kills the “bystander” tumor cells as well. The virus essentially tags the tumor as a “foreign” object and arouses the body’s immune system to attack.

The studies using the polio virus have thus far been done mostly on patients battling advanced glioblastoma, one of the deadliest and most aggressive types of brain cancer, which often leads to death within weeks after standard treatments have failed. Researchers have managed to prolong the lives of some people by months, even years.9
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Brain scans of a twenty-year-old college student treated with the engineered polio virus (PVS-RIPO) by an infusion through a catheter directly placed into the tumor. The first panel shows the tumor (shaded area in upper left of the brain); the second panel shows the tumor after two months of treatment (where the tumor actually appears larger in size due to the inflammation of the antitumor response); and the third panel shows the tumor shrinking at nine months of treatment.



The idea that we can leverage our own immune systems to cure cancer is a romantic one, but it’s not without its dangers. Our immune system, after all, is powerful on its own when allowed to operate at full speed. It can be risky to release its brakes, even in the hopes that it can clobber those devilish cells gone mad. Some patients who have tried immunotherapy died after developing devastating complications caused by an unrestrained immune system that indiscriminately attacks not only the cancer but also healthy and essential tissues and organs. Through ongoing clinical trials, researchers hope to overcome this challenge in the future. Immunotherapy is and will continue to be an important weapon against cancer, but it’s currently limited in the cancers it targets and the patients it benefits. The challenge is to figure out in advance who will benefit. We also need to improve our understanding of which combination of checkpoint inhibitors or other immune-altering intervention best equips the body’s immune system with anticancer ammunition.

As it happens, the more mutations a cancer has, the easier it often is to target with some immunotherapies because its cells become more “foreign looking” to the body’s own immune system. Put another way, the more abnormal a tumor becomes, the harder evading detection by the immune system becomes, especially after some drug therapy puts that immune system on high alert and fits it with special “night-vision” goggles. This phenomenon was recently revealed in a standout paper for the New England Journal of Medicine by a team from Johns Hopkins Sidney Kimmel Comprehensive Cancer Center.10

DNA is constantly being repaired in the body, and the tools to do so are called “DNA mismatch repair.” The Hopkins group looked at the presence or absence of DNA mismatch repair genes, which code for the system the body uses to recognize and fix bad DNA. They noted that regardless of the type of cancer, tumors that didn’t have this repair system working properly were more likely to respond to the immune-brake system-altering, anti-PD-1 drug than those with tumors that had an intact mismatch repair. In other words, the worse the tumor cells were at repairing DNA, the better the patients responded to treatment. Immunotherapy likely won’t stand on its own; it will be used in combination with other therapies, including chemo, radiation, and molecularly targeted drugs. But it will nonetheless become an indispensable tool made all the more powerful with adjunct weapons.

One of the surprising findings about immunotherapy is that many people who have tried it often report feeling better though their cancer is still there and may have even grown. But that’s the problem with my specialty. Our only metric for success is shrinking a tumor. Slowing its growth, making somebody feel better, or watching a person continue to live longer than expected isn’t classically accepted as “success” in cancer treatment.

If you come to see me in the office with a cancer that measures 5 centimeters, and if I give you a treatment, and when we remeasure the cancer in several months, it is 7 centimeters, did the treatment work? Would your cancer have been 15 centimeters without treatment? Most of the time with new drugs that stop or slow cancer, doctors and their patients are flying blind. In any randomized clinical trial, the drug might help a group of patients live longer, but it’s very difficult to know what it’s doing in the individual patient. Also, success will mean something different to each patient. If you can live another two good years, for example, on drug X, do you care how big your tumor is so long as you can tolerate the side effects and gain those extra quality years? I’ve never had a patient tell me, “I wish I had died last year.” Even my sickest patients don’t regret living longer than expected. They will do pretty much anything to live one more day, and they are often willing to try new strategies no matter how absurd they sound. They will, put simply, take risks with me in our fearless flight.
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