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Advance Praise for

THE CREATIVE DESTRUCTION OF MEDICINE

“If we keep practicing medicine as we know it today, healthcare will become an unbearable burden on all modern societies in a very near future. We are in a real race between healthcare innovation that can change this worrisome trend and the resistance to change inherent to our healthcare system. In a comprehensive, well-researched and thoughtful tour de force, Eric Topol, always a clear and uncompromising thought leader of his generation, challenges us to think about the revolutionary potential of a world where information no longer belongs to a few and where information can be automatically collected from the many to greatly improve healthcare for all. This is a must read!”

—Elias Zerhouni, M.D., President Global R&D Sanofi and
 former director US National Institutes of Health

 



“What happens when the super-convergence of smart phones further combines with million-fold lower-cost genomics and diverse wearable sensors? The riveting answer leads compellingly to call to activism—not only for medical care providers, but all patients and everyone looking for the next “disruptive” economic revolution. This future is closer than most of us would have imagined before seeing it laid out so clearly. A must-read.”

—George Church, Ph.D., Professor of Genetics, Harvard Medical School,
 Director of the Center for Computational Genetics

 



“Eric Topol provides an excellent and pragmatic view of the US Healthcare system from a patient’s perspective. He then offers, through numerous examples, an exciting vision for the future . . . when technology can be used to dramatically improve the quality of care and reduce cost at the same time. ‘Creative Destruction’ is a highly informative and enjoyable book, which truly triggers the reader’s imagination as to what is possible.”

—Omar Ishrak, Chairman and CEO of Medtronic 


 



“Eric Topol is the perfect author for this book. He has a unique understanding of both genomics and wireless medicine and has a remarkable track record as a charismatic pioneer, visionary, and change agent in medicine. I’m sure this book will reach a very large number of people with information that can both empower and help transform their lives for the better.”

—Dean Ornish, M.D., Founder and President,
 Preventive Medicine Research Institute, and author of The Spectrum


 



“Eric Topol outlines the creative destruction of medicine that must be led by informed consumers. Smart patients will push the many stakeholders in health to accelerate change as medicine adapts to a new world of information and technology.”

—Mehmet Oz, M.D., Professor and Vice-Chair of Surgery,
 NY Presbyterian/Columbia University, author of many You books, Dr. Oz Show

 



“In an upbeat, comprehensive volume, Dr. Topol has woven the prevailing technological undercurrents of the post-PC world; its power of many; its Gucci of gadgets; its cloud ecosystem; its ‘Arab Spring’ of apps; and its ubiquitous, calm computing; with the disruptive innovations of biomedicine, to create a compelling account of how this bio-digital transformation will hasten personalization of the highest quality of medical care.”

—Eric Silfen, M.D., Chief Medical Officer, Philips Healthcare

 



“Eric Topol has written an extraordinarily important book at just the right moment. Drawing upon a unique and impressive array of convergent expertise in medical research, clinical medicine, consumer and health technological advancements, and health policy, Dr. Topol opens the door for an essential discussion of old challenges viewed through an innovative lens. In the context of increasingly unaffordable health care costs, suboptimal quality of care delivery, a tsunami of preventable chronic illness, and new accountabilities for consumer health choices and behaviors, this book helps all of us to think about solutions in new and exciting ways!”

—Reed Tuckson, M.D. Executive Vice President and
 Chief of Medical Affairs, UnitedHealth Group

 



“Dr. Topol is the top thought leader in medicine today, with exceptional vision for how its future can be rebooted. This book will create and catalyze a movement for the individualization and democratization of medicine—and undoubtedly promote better health care.”

—Greg Lucier, CEO, Life Technologies

 



Eric Topol offers a new and intriguing perspective on how the intersections of medicine and technology could further transform the delivery of healthcare and the role of a patient. He advocates for a future world of medicine where informed consumers are in the driver seat and control their own healthcare based on genomic information and real-time data obtained through nanosensors and wireless technology.”

—John Martin, Ph.D. Chairman and CEO, Gilead Sciences

 



“Eric Topol is that rare physician willing to challenge the orthodoxies of his guild. He recognizes that in the US health care business-as-usual is unsustainable. But he does not despair. He bears witness to the rise of Homo digitus and the promise it holds to upend the inefficiencies and dysfunction so entrenched in clinical medicine. The Creative Destruction of Medicine is a timely tour de force. It is a necessary heresy.”

—Misha Angrist, Ph.D., Duke University Institute for Genome Sciences & Policy, author of Here Is a Human Being: At the Dawn of Personal Genomics


 




“The Creative Destruction of Medicine is an engaging look into how the discoveries in genetics and biology will change the landscape of medicine. Along the way, Dr. Topol provides a fascinating compendium of stories about the shortcomings of medicine as it is currently practiced and how the revolutionary discoveries coming since the first sequencing of the human genome a decade ago will shape the delivery of healthcare in the 21st Century.”

—William R. Brody, M.D., Ph.D., President,
 The Salk Institute for Biological Studies, La Jolla, California

 



“Much of the wealth created over the last decades arose out of a brutal transition from A, B, C’s to digital code. While creating some of the world’s most valuable companies, this process also upended whole industries and even countries. Now medicine, health care, and life sciences  are undergoing the same transition. And, again, enormous wealth will be created and destroyed. This book is a road map of what is about to happen.”

—Juan Enriquez, Managing Director Excel Venture Management
 and author As the Future Catches You and Homo Evolutus


 



“Dr. Topol believes that medicine, catalyzed by extraordinary innovation that exploits digital information, is about to go through its biggest shakeup in history. In The Creative Destruction of Medicine, he calls for a “jailbreak” from the ideas of the past. In the next phase of medicine, powerful digital tools including mobile sensors and advanced processors will transform our understanding of the individual, enabling creative “mash-ups” of data that will spark entirely new discoveries and spawn ultra-personalized health and fitness solutions. And with over 6 billion mobile connections worldwide, the mobile technology platform will have a major impact on that vision—leading to what Dr. Topol describes as nothing less than a “reboot” of the health care system. And we share Dr. Topol’s view that individual consumers have the opportunity, and the power, to increase the pace of the titanic change that’s coming.”

—Paul Jacobs Ph.D., Chairman and CEO, Qualcomm

 



“Our sequencing of the human genome eleven years ago was the beginning of the individualized medicine revolution, a revolution that cannot happen without digitized personal phenotype information. Eric Topol provides a path forward using your digitized genome, remote sensing devices and social networking to place the educated at the center of medicine.”

—J. Craig Venter, Chairman and President, J. Craig Venter Institute

 



“Eric Topol has been a longtime innovator in healthcare. In The Creative Destruction of Medicine, he cites the big waves of innovation that will save healthcare for the future. Real healthcare reform has not yet begun, but it will. The Creative Destruction of Medicine lays out the path.”

—Jeffrey Immelt, Chairman and CEO of General Electric
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INTRODUCTION

In the mid-twentieth century Joseph Schumpeter, the noted Austrian economist, popularized the term “creative destruction” to denote transformation that accompanies radical innovation. In recent years, our world has been “Schumpetered.” By virtue of the intensive infiltration of digital devices into our daily lives, we have radically altered how we communicate with one another and with our entire social network at once. We can rapidly turn to our prosthetic brain, the search engine, at any moment to find information or compensate for a senior moment. Everywhere we go we take pictures and videos with our cell phone, the one precious object that never leaves our side. Can we even remember the old days of getting film developed? No longer is there such a thing as a record album that we buy as a whole—instead we just pick the song or songs we want and download them anytime and anywhere. Forget about going to a video store to rent a movie and finding out it is not in stock. Just download it at home and watch it on television, a computer monitor, a tablet, or even your phone. If we’re not interested in getting a newspaper delivered and accumulating enormous loads of paper to recycle, or having our hands smudged by newsprint, we can simply click to pick the stories that interest us. Even clicking is starting to get old, since we can just tap a tablet or cell phone in virtual silence. The Web lets us sample nearly all books in print without even making a purchase and efficiently download the whole book in a flash. We have both a digital, virtual identity and a real one. This profile just scratches the surface of the way our lives have been radically transformed through digital innovation. Radically transformed. Creatively destroyed.

Some will argue the predigital era was a better and simpler one. We were not connected and distracted all the time—even when driving a car. We wrote handwritten notes to one another and communicated much more deeply and effectively, albeit less frequently. We spoke on the phone to each other and did not rely on texting and instant responses. We had much more privacy, and there was no digital, immutable archive of our lives for everyone to peer at via a few clicks. We used maps to find our way from place to place instead of global positioning systems. But those days are truly past tense, and our world has irrevocably changed. The cumulative effect of  extraordinary innovation that exploits digital information has turned our world upside down. Essentially, there is no turning back.

But the most precious part of our existence—our health—has thus far been largely unaffected, insulated, and almost compartmentalized from this digital revolution. How could this be? Medicine is remarkably conservative to the point of being properly characterized as sclerotic, even ossified. Beyond the reluctance and resistance of physicians to change, the life science industry (companies that develop and commercialize drugs, devices, or diagnostic tests) and government regulatory agencies are in a near paralyzed state, unable to break out of a broken model of how their products are developed or commercially approved. We need a jailbreak. We live in a time of economic crisis because of the relentless and exponentially escalating costs of health care, but we’ve done virtually nothing to embrace or leverage the phenomenal progress of the digital era. That is about to change. Medicine is about to go through its biggest shakeup in history.

This book is about the creative destruction of medicine, of how medicine will inevitably be Schumpetered in the coming years, and why it is vital for consumers to be fully engaged. Without the active participation of consumers in this revolution, the process will be inexorably slowed. All the other forces that could come to bear—doctors, the life science industry, government, and health insurers—are incapable of catalyzing this transformation. At the same time, the democratization of medicine is taking off. You, the consumer, are going to be needed to make it happen.

There is one theme, one reason, why this creative destruction is ready to go. It is because for the first time in history we can digitize humans. You know about digitizing pictures and information like books, newspapers, and magazines. It seems that everything now is digitized and widely transferable. You can download a two-hour movie in seconds. But that is a world apart from digitizing a human being.

Digitizing a human being is determining all of the letters (“life codes”) of his or her genome—there are six billion letters in a whole genome sequence. It is about being able to remotely and continuously monitor each heart beat, moment-to-moment blood pressure readings, the rate and depth of breathing, body temperature, oxygen concentration in the blood, glucose, brain waves, activity, mood—all the things that make us tick. It is about being able to image any part of the body and do a three-dimensional reconstruction, eventually leading to the capability of printing an organ. Or using a miniature, handheld, high-resolution imaging device that rapidly captures critical information anywhere, such as the scene of a motor vehicle accident or a person’s home in response to a call of distress. And assembling  all of this information about an individual from wireless biosensors, genome sequencing, or imaging for it to be readily available, integrated with all the traditional medical data and constantly updated. We now have the technology to digitize a human being in highest definition, in granular detail, and in ways that most people thought would not be possible, if even conceivable, for many decades to come.

 





FIGURE INTRO.1: The transformation from medicine today (old, dumbed down) to new, individualized medicine that is enabled by digitizing humans.
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This is a story about an unprecedented super-convergence. It would not be possible were it not for the maturation of the digital world technologies—ubiquity of smart phones, bandwidth, pervasive connectivity, and social networking. Beyond this, the perfect digital storm includes immense, seemingly unlimited computing power via cloud server farms, remarkable biosensors, genome sequencing, imaging capabilities, and formidable health information systems.

Think of the cell phone, which is a hub of telecommunications convergence but also a remarkable number of devices all rolled into one gadget: camera, video recorder, GPS, calculator, watch, alarm clock, music player, voice recorder, photo album, and library of books—like a pluripotent stem cell. Armed with apps it carries out diverse functions from flashlight to magnifying glass. Then connect it to a wireless network, and this tiny device is a web surfer, word processor, video player, translator, dictionary, encyclopedia, and gateway to the world’s knowledge base. And by the way, it even texts, emails, and provides phone service. But now picture this device loaded for medicine, capable of displaying all of one’s vital signs in real  time, conducting laboratory analyses, sequencing parts of one’s genome, or even acquiring ultrasound images of one’s heart, abdomen, or unborn baby. This embodies a technological convergence, a coalescence of distinct and far-ranging functionalities, from elemental forms of communication to the complexities of medicine.

These are the collective tools that lay the groundwork for digitizing humans. This is a new era of medicine, in which each person can be near fully defined at the individual level, instead of how we practice medicine at a population level, with mass screening policies for such conditions as breast or prostate cancer and use of the same medication and dosage for a diagnosis rather than for a patient. We are each unique human beings, but up until now there was no way to establish one’s biologic or physiologic individuality. There was no way to determine a relevant metric like blood pressure around the clock while a person is sleeping, or at work, or in the midst of an emotional upheaval. This represents the next frontier of the digital revolution, finally getting to the most important but heretofore insulated domain—preserving our health.

We have early indicators that this train has left the station. The first individual—a five-year-old boy—who had his life saved by genome sequencing was only recently documented. And this led to the first health insurance coverage of genome sequencing. But it’s not just about finding the root molecular cause of why an individual is sick. We can now perform whole genome sequencing of a fetus to determine what conditions should be watched for postnatally. At the other end of the continuum of life, we can do DNA sequencing to supplant a traditional physical autopsy, to determine the cause of death. We can dissect, decode, and define individual granularity at the molecular level, from womb to tomb.

That’s just the start of illuminating the human black box. Recognizing that we are walking event recorders and that we just need biosensors to capture the data, and algorithms to process it, sets up the ability to track virtually any metric. Today these sensors are wearable, like Band-Aids or wristwatches. But soon enough they will also be embedded into our circulation in the form of nanosensors, the size of a grain of sand, providing continuous surveillance of our blood for the earliest possible detection of cancer, an impending heart attack, or the likelihood of a forthcoming autoimmune attack. Yes, this does ring in the sci-fi concept of cyborgs, the fusion of artificial and biological parts in humans. We’ve already been there with cochlear implants for hearing loss, a trachea transplant, and we’re going there in the creation of embedded sensors that talk to our cell phones via wireless body area networks in the future. With it comes the familiar “check engine” capability that we are accustomed to in our cars but never had before for our bodies. Think true, real prevention for the first time in medical history.

While this may seem a bit too futuristic, in the context of the information era it may appear to be eminently more realistic. We live in an extraordinary data-rich universe, a world that had only accumulated one billion gigabytes (109 or 1,000,000,000 bytes of data) from the dawn of civilization until 2003. But now we are generating multiple zettabytes—each representing one trillion gigabytes—each year and will exceed thirty-five zettabytes by 2020, roughly equivalent to the amount of data on two hundred fifty billion DVDs.1 Sensors are now the dominant source of worldwide-generated data, with 1,250 billion gigabytes in 2010, representing more bits than all of the stars in the universe.2 The term “massively parallel” is an important one that in part accounts for this explosion of data and brings together the computer, digital, and life science domains. Note the convergence: from single chips that contain massively parallel processor arrays, to supercomputers with hundreds of thousands of central processing units, to whole-genome sequencing that is performed by breaking the genomes into tiny pieces and determining the life codes in a massively parallel fashion.

In 2011, the Watson IBM computer system beat champion humans in the game of Jeopardy. Watson is equipped with a 15-terabyte (1012) or 15,000,000,000,000-byte databank and massively parallel 2,880-processor cores.3 So beyond its television premiere and victory, where is Watson first going to be deployed? At Columbia University and the University of Maryland medical centers to provide a cybernetic assistant service to doctors.4 David Gelernter’s op-ed in the Wall Street Journal, “Coming Next: A Supercomputer Saves Your Life,” introduced the concept of a WikiWatson, which could bring together the whole world’s medical literature and clinical expertise. 5 Putting a massive databank to use to improve health care is emblematic of the overlay of the digital and medical worlds.

By now I hope I have made my preliminary case for super-convergence abundantly clear. But just having these technological capabilities will not catapult medicine forward. The gridlock of the medical community, government, and the life science industry will not facilitate change or have the willingness to embrace and adopt innovation. The U.S. government has been preoccupied with health care “reform,” but this refers to improving access and insurance coverage and has little or nothing to do with innovation. Medicine is currently set up to be maximally imprecise. Private practice physicians render medicine “by the yard” and are rewarded for doing more procedures. Medical care is largely shaped by guidelines, which are indexed to a population rather than an individual. And the evidence from clinical  research is derived from populations that do not translate to the real world of persons. The life science industry has no motivation to design drugs or devices that are only effective, however striking, for a small, well-defined segment of the population. At the same time, the regulatory agencies are entirely risk-averse and, as a result, are suppressing remarkable innovative and even frugal opportunities to change medicine. The end result is that most of our screening tests and treatments are overused and applied in the wrong individuals, promoting vast waste. And virtually nothing is being done to accelerate true prevention of disease.

But the practice of imprecise medicine has not yet emboldened consumers to demand more, despite increasing awareness of the problem. Many patients now trust their peers on social networks—online medical communities such as PatientsLikeMe—more than their physicians. In some health care systems, patients can directly download their laboratory reports and medical records, which they were never allowed to do in the past. Any consumer with adequate funds can have his or her genome scanned or even wholly sequenced. In parallel and intersecting with super-convergence, we are now finally moving toward the democratization of medicine.

When the revolutions were occurring in 2011 in Tunisia and Egypt, predominantly propelled by the young oppressed citizens who could express and organize themselves via social networks and exploit the digital world, sharing pictures and videos, I tweeted: “Tunisia . . . Egypt . . . American medicine?” In fewer than forty characters, this conveyed my sense of urgency for consumers to provide the impetus for new medicine—a new medicine that is no longer paternalistic, since the doctor does not necessarily know best anymore. The American Medical Association has lobbied the government hard for consumers not to have direct access to their genomic data, that this must be mediated through physicians. We know that 90 percent of physicians are uncomfortable and largely unwilling to make decisions based on their patients’ genomic information. But it is your DNA, your cell phone, and your right to have all of your medical data and information. With a medical profession that is particularly incapable of making a transition to practicing individualized medicine, despite a new array of powerful tools, isn’t it time for consumers to drive this capability? The median of human beings is not the message.6 The revolution in technology that is based on the primacy of individuals mandates a revolution by consumers in order for new medicine to take hold.

Now you’ve probably thought “creative destruction” is a pretty harsh term to apply to medicine. But we desperately need medicine to be Schumpetered, to be radically transformed. We need the digital world to invade  the medical cocoon and to exploit the newfound and exciting technological capabilities of digitizing human beings. Some will consider this to be a unique, opportune moment in medicine, a veritable once-in-a-lifetime Kairos.

This book is intended to arm consumers to move us forward. In the first section, I review the overall digital landscape—how the digital world has evolved and changed our lives outside of medicine; how our information in medicine is grossly deficient and population-based; and how consumers, despite progress toward convergence of health information, are too often poorly informed.

In the second section, I drill down into each of the four areas of digital medicine—wireless sensors, genomics, imaging, and health information—and lay out a vision of how these technologies will converge. In the last section, I preview the impact that digitizing humans will have on doctors and hospitals, on the life science industry and regulatory agencies, and, ultimately, on the individual.

As with any revolution, there are important downsides to consider. Here the concerns include the reduction of direct human contact and healing touch that may accompany increasing reliance on remote monitoring and avoidance of hospitalizations or even in-person office visits. It will be increasingly tempting for physicians to treat the virtual human being—the scan, the DNA results, the biosensor data—instead of the real patient. There is legitimate worry about adoption of new technologies before they have been adequately vetted and validated, or proven to be cost-effective and ideally cost saving. And certainly data deluge and the inability to efficiently transform the massive data sets into information and knowledge loom large. An extension of data flow issues brings us to the worry about security and privacy of digitized medical information. Ironically, the technological triumph of being able to digitize human beings creates a convergence of the real and virtual individual, and there will be legitimate worries about depersonalization, about treating the digital information instead of the individual. Ultimately, you will have to decide about the trade-offs of medicine Schumpetered. This book is intended to put you in position to be ready and knowledgeable to make that decision.






Doctors prescribe medicine of which they know little,
 to cure diseases of which they know less,
 in human beings of which they know nothing.

—François-Marie Arouet Voltaire, about 250 years ago






PART ONE • SETTING THE FOUNDATION





1

THE DIGITAL LANDSCAPE

Cultivating a Data-Driven, Participatory Culture


In this electric age we see ourselves being translated
 more and more into the form of information,
 moving toward the technological extension of consciousness.

—Marshall McLuhan, Understanding Media, 19641




WHEN MARTY COOPER invented the cell phone in 1973, he could not have dreamed or estimated that there would be over six billion cell phones by 2012 and that this platform would ultimately have a major impact on the future of health and medicine. The invention of the personal computer by Michael Wise in 1975, followed soon thereafter by the innovations of Steve Jobs and Steve Wozniak the following year, led to over one billion personal computers in use by 2008 and an anticipated two billion in 2014.2 The Internet began to hit its stride by the mid-1990s, and now well over two billion individuals are connected with such expanded bandwidth that video files have become the dominant medium of exchange as measured by file size.3


But the biggest leap came in the first decade of the twenty-first century. The six billion bases of the human genome were sequenced, and this led to the discovery of the underpinnings of over one hundred common diseases, including most cancers, heart disease, diabetes, autoimmune disorders, and neurologic conditions. While scientists were busy sorting out the genome’s zip codes, engineers were building on the wireless phone platform to add emails, texting, cameras, multimedia, global positioning, and access to the Internet. Concurrently, the bandwidth of the Internet was quickly expanding, and the ability to rapidly search it was increasing exponentially. The unprecedented transformative impact and uptake of mobile digital devices in the same decade, from the introduction of iPods in late 2001 and Blackberries in 2002 to the iPhone and Kindle e-reader in 2007, cumulatively changed the way we listen to music, communicate by text or phone, surf the Web, move from place to place, take pictures, make videos, play, read, and think.

In that same decade the number of discrete mobile phone users increased from five hundred million to over three billion, representing almost half of all people and the vast majority of adults on the planet.4 And they’re now sending over two trillion text messages a year.5 Our ever-increasing computing power is exemplified by unfathomable data storage capacity. Last year we stored enough data to fill 60,000 Libraries of Congresses, and we can now purchase a device for $600 that will store the entire collection of the world’s recorded music.6


The global growth of cameras as a result of being embedded in cell phones has been logarithmic: from a few million in 2000 to well over a billion in a decade.7 Digital cameras can be considered the most widely available sensor since they are incorporated in most mobile phones; as O’Reilly and Battelle pointed out in their “Web Squared” white paper, “Our cameras, our microphones, are becoming the eyes and ears of the web.”8


Even our games have remarkable digitizing capability. In late 2006, the Nintendo Wii came out with wireless accelerometer sensors and infrared to detect an individual’s motion in three dimensions. By 2010, gaming had made major advances, such as Microsoft’s Kinect for recognizing faces and gestures, responding to voice commands, and being able to play the games that display on-screen avatars with body motions instead of needing to use controllers or any button pushers. Five million of these were sold in the first two months of availability.9


When Mark Zuckerberg started Facebook in 2004, how could anyone have predicted there would be over eight hundred million registered users by the end of 2011? Or a projected one billion by 2012? Over 25 percent of Internet users are connected through this particular social network—only third in population size compared with the countries of China and  India. Over 1.5 trillion messages are now sent per year via Facebook. In 2011 Facebook had substantially overridden Google as the dominant website, with Facebook users looking at 103 billion pages and spending an average of 375 minutes per month, compared to Google users viewing 46 billion pages over 231 minutes. More than 40 percent of us are “hyper-connected” as defined by “using 7 different devices and 9 different applications in order to stay as screen connected as possible, in restaurants, from bed, and even in places of worship.”10


These extraordinary accomplishments, from dissecting and defining DNA to creating such pervasive electronic technologies that immediately and intimately connect most individuals around the world, have unwittingly set up a profound digital disruption of medicine. Until now we did not have the digital infrastructure to even contemplate such a sea change in medicine. And until now the digital revolution has barely intersected the medical world. But the emergence of powerful tools to digitize human beings with full support of such infrastructure creates an unparalleled opportunity to inevitably and forever change the face of how health care is delivered.

This really boils down to a story of big convergence: a convergence of all six of the major technologic advances, likely representing the greatest convergence in the history of humankind (see Figure 1.1). When we just had a cell phone, we could only talk to one another, but it could occur on the go. As personal computer hardware developed from a work station to a laptop, we gained mobility, but we were still not connected to one another. The Internet strikingly changed both of these platforms. Nicholas Negroponte wrote in his 1995 book Being Digital, “The information superhighway may be mostly hype today, but it is an understatement about tomorrow. It will exist beyond people’s wildest predictions.”11 Clearly, that was a prescient call. Although the first BlackBerry devices were inadequate cell phones, they were extraordinary at receiving and sending emails. This new capability engendered such addictive behavior that the devices were quickly known as “CrackBerries.” But it took almost five years before the morphed cell phone, powered with emails and texting, faithfully performed its original purpose of making voice calls and also became a wholly functional Web surfing tool.

This transition from a “mail and text” phone to a “smart phone” relied on a much greater Internet bandwidth, broad connectivity via networks such as AT&T, Verizon, and others in the United States, along with appropriate, tailored mobile operating system development. Late in 2007, Apple’s introduction of the 3G iPhone was a veritable game changer, and most would even qualify it as a life changer. It was dubbed the “Jesus” phone, and Steve Jobs was later pictured in 2010 on the cover of the Economist as “The Book of Jobs.”12


 






FIGURE 1.1: Timing of the big 6 major digital advances over the past 40 years that have set up the Great Inflection of Medicine.
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For the first time, surfing the Web via a cell phone was performed rapidly with ease, enabling many other newfound pocket mobile functions such as global positioning and most importantly a sea of applications—downloadable software that runs on mobile devices. By 2011, just for the iPhone there were over 300,000 apps downloaded over 6.5 billion times.13 This was made possible because writing code for the mobile phone had become an open platform. In a way the app era represents a reverse Web surf. Instead of any individual searching the Web, the Web was surfing the population for “worldwide developers,” a new term denoting the search for people to create apps. Within a matter of months, hundreds of thousands of apps were created that accelerated the capabilities of smart phones in ways most people could not have imagined: from using the phones to determine a bird species by its picture or call, to instantly translating a page in English to Spanish or vice versa, to discerning colors correctly for people who are color-blind, to playing thousands of new games, to accessing or playing music. One can even convert the iPhone to a stethoscope to listen to heart and breath sounds.

The hybridization of the maturing Internet and the mobile phone were the two most vital components of the convergence. As Nicholas Carr aptly wrote, “With the exception of alphabets and number systems, the Net may well be the single most powerful mind-altering technology that has ever come into general use.”14 Just the ability to instantly search virtually anything on the Web, in itself—a peripheral brain—is still awe-inspiring. Nevertheless, it is hard to be intimate with the Internet per se. By contrast, almost 70 percent of individuals sleep with their cell phone. That figure goes up to 90 percent  for digital natives, as defined by people under age thirty.15 There are more mobile phones in the world than toothbrushes, and far more than toilets.16


We are preternaturally on the move, a peripatetic culture, and our phones are always with us. Many rank the mobile phone above food, shelter, and water as their most essential possession. The Economist put it simply: “mobile phones have made a bigger difference to the lives of more people, more quickly, than any previous technology.”17 Nature, the leading biomedical peer review journal, pointed out that we will have six billion mobile phones by 2013, with over 85 percent of the world’s population having access to a mobile signal, and that “we’ve really never had a technology other than human observation that is as pervasively deployed in the world.”18 The extraordinarily rapid uptake of phones helps to tell the story. In 2001, it took ninety-one weeks for one million iPods to be sold, a record for digital devices at that time. By 2009, it took only three days for one million iPhone 3GS to be purchased.19 By 2013, it is projected that the number of smart phones will surpass personal computers, not counting tablets.20


In 2009 judges at the Wharton School of the University of Pennsylvania were asked what were the biggest innovations, the “life changers,” of the past thirty years. Their response in rank order was: (1) Internet, broadband; (2) PC and laptop; (3) mobile phones; (4) email; and (5) DNA testing and sequencing. 21 The smart phone had already captured four of five life changers and, as it continues to evolve, is working its way to incorporating the fifth.

Like a syzygy with alignment of the sun, the moon, and the Earth, we have a propitious convergence of a maturing Internet, ever-increasing bandwidth, near-ubiquitous connectivity, and remarkable miniature pocket computers in the form of mobile phones. And with data storage and processing fortified with cloud computing, under the stars, most of the people on this planet have been quickly and deeply affected in ways few really recognize.




THE WAYS WE HAVE CHANGED: THE C’S 


Constant Connectivity 

Attention deficit disorder (ADD), with or without a hyperactivity (ADHD) component, is a disorder that is diagnosed in 3–5 percent of school-aged children globally.22 It is the most common behavioral abnormality in children and adolescents and is characterized by inattentiveness, resulting in difficulties in listening, sitting still, finishing tasks, and being easily distracted. A similar condition is well recognized in adults without hyperactivity (adult ADD). The root cause is uncertain, but many studies have reinforced that  there is abnormal function, imbalance, or dysregulation of neurotransmitters, especially dopamine. Neurotransmitters carry signals across nerve cells in the brain at their connection points, known as synapses. Paradoxically, the treatment for the inability to stay focused on a particular task is the use of a stimulant drug such as Adderall and Ritalin, which are amphetamines. The condition is not believed to be related to the impact of the era of the Internet and digital devices.

In addition to the inborn, biologic form of ADD, the digital era has ushered in an environmentally induced form. In the current digital era, there is little need for a stimulant drug. We are in a state of near-constant connectivity (equivalent to near-constant dopamine squirts), and digitally induced ADD (DADD) is a widespread problem.23 This is not neurotransmitter-based, but our neurotransmitters are surely revved up; DADD represents an outgrowth of immediate access to all of our communication, our social networks, and the world’s happenings via the Internet. Bilton coined the term “consumnivores,” referring to those who are “collectively rummaging, consuming, distributing, and regurgitating content in byte-size, snack-size, and full-meal packages.”24 In Hamlet’s BlackBerry, William Powers described the view from some pessimistic quarters that “digital natives (age <30) who have grown up with screens, are effectively a new species of human being, innately incapable of holding a sustained conversation or thought.”25 Further evidence of the digital dalliance comes from data at work: employees with computers check their email or change windows thirty times per hour, which has been correlated with diminished work productivity.26


During a typical workplace meeting, people continually check their email, surf the Web, or tweet their followers with their latest insight or experience. When alone, when we are not looking at a screen, there is a sense of disconnectedness reflecting addictive behavior. Much has been written about the impact of the Internet and constant connectivity on the brain. In The Shallows, Nicholas Carr reviewed the data on neuroplasticity of the brain—the potential deleterious effect of continual digital stimulation to actually change our brain tissue and reroute neural activation and pathways. Bill Keller, former executive editor of the New York Times, wrote, “Basically, we are outsourcing our brains to the cloud.”27 “The Google Effect,” a recent study testing the cognitive consequences of using Internet search engines, documented poor memory for information that was obtained through an electronic search. Although it remains controversial whether the Internet and connectivity directly lead to adverse anatomical and functional brain effects, few would debate whether it has affected our behavior. One of the most important aspects is the blurring of the sea of content without discrete elements of information sources  such as a newspaper, TV, or radio or for that matter pictures, words, video, or music—it’s all a continuum. The term Homo distractus, used by Powers, captures our relative inability to be focused or stay on any particular task in the midst of a blitzkrieg of data flow.28


Beyond multitasking and a shortened attention span, the constant connectivity affects the way we think. In order to process the considerable body of data that comes from so many sources, we are less apt to be linear and much more likely to be networked in our thinking. For example, we click on links while we are reading text that may take us far away from our line of thinking before we get back to the book or article. Whether it is rapidly digesting text, graphics, links, photos, or videos, we are constantly scanning an extraordinary body of data. With Google, Bing, and other search engines, our peripheral brain is just one click away. Two portmanteaus help provide context: “Netizen,” combining Internet and citizen, and “digerati,” derived from the fusion of digital and literati. Whether we are Netizens, the term applied to any person actively involved in online communities, or digerati, referring to the influencers in the digital community, we are perpetually adapting to and contending with a highly dense, data-rich environment.


Collaboration and Crowdsourcing 

Collaboration requires all parties to actively participate. The world of the Internet, mobile phones, personal computers, and social networks has created a participatory culture that has greatly exceeded expectations. Media of yesteryear was unidirectional, centralized, and completely controlled by the entities that created and delivered it. The media of today is multidirectional. Every Netizen can be viewed as an informant, an e-activist. We no longer live in the third person; we live on the Web in the first person.29 Data and information generation have been democratized.

In 2011 the Huffington Post had only 150 paid staff but more than 12,000 volunteer “citizen journalists.”30 Because of YouTube any individual can be considered a videographer.31 At least twenty-four hours of video content are uploaded every minute, which leads to more than three billion videos viewed per day. The average Internet user watches about two hundred videos per month. Twitter, with over 160 million registrants, has amassed over 15 billion tweets and over 2,000 are added every second—over 100 million tweets per day in 2010 and over 200 million per day in 2011. There are over twenty billion pieces of content and more than two hundred million photos added to Facebook every day—over ninety billion photos on the site. The retail industry has been rapidly transformed by such social networking sites as Groupon and Living Social. Groupon, known as  the “world’s fastest growing company ever,” had over 4,000 staff and over fifty million subscribers in six hundred cites.32 Each Netizen has equal rights to using the Internet as a platform for content, and this truly represents the democratization of communication.

This point was brought home to me when I had an e-counter with a New York Times science journalist who covers genomics. In June 2010, at the ten-year anniversary of the first human genome sequence announcement, Nicholas Wade wrote a front page article in the Times entitled “A Decade Later, Gene Map Yields Few New Cures: Despite Early Promise, Diseases’ Roots Prove Hard to Find.”33 I had previously emailed Nicholas Wade many times, arguing that he was much too pessimistic about the progress that was being made in medical genomics. But instead of a private email to him this time, I tweeted, “NY Times Nicholas Wade discounting progress in genomics for about the 10th time.” Within a couple of days, I got an email from Nicholas Wade. He wrote, “You can perhaps imagine my surprise on finding myself rebuked . . . by yourself or someone tweeting under the same name.” This led to a brief moment of satisfaction that I had been able to post something on the Web that reverberated back to him. Much more effective than private email contact!

Social networking is a collaborative experience in sharing information, photos, links, and videos—the social graph—to one’s circle of friends. The percentage of social networking users age fifty-five to sixty-four shot up from 9 percent at the end of 2008 to 43 percent by mid-2010. With Facebook, the sharing operates in over seventy-five languages, or reaching 98 percent of the world’s population. The time Netizens spend on social networking now greatly exceeds email time and searching—in the United States over six hours per month and still rising. In The Facebook Effect, David Kilpatrick reflected on how communication was changed via Facebook’s News Feed, which became active in late 2006, in which any individual could broadcast information to his or her friends: “It turned ‘normal’ ways of communicating upside down. Up until now, when you desired to get information about yourself to someone, you had to initiate a process or ‘send’ them something, as you do when you make a phone call, send a letter or an email, or even conduct a dialogue by instant message.” Beyond the ability to broadcast using the social network platform, the transparency and openness changed. For developing what has become the largest social network and the dominant force on the Web, Zuckerberg was recognized by Time magazine as the Person of the Year in 2010. To ante up in 2011, Google introduced Google+, but it remains to be seen whether it can catch up after initially missing “the friend thing.”34


One of the greatest accomplishments of the digital era that was largely unforeseen was to bring people together for common laudable goals. The  wiki world exemplified by Wikipedia has laid the groundwork for an exceptional number of open platforms. Linux is considered the exemplar of free and open source software collaboration, installed on a large proportion of mobile phones, tablets, computer mainframes, and supercomputers—it even runs the top ten fastest supercomputers in the world. The authors of the widely acclaimed Wikinomics and more recently Macrowikinomics, Don Tapscott and Anthony Williams, described Linux, the prototype of mass participation, as “the quintessential example of how self-organizing, egalitarian communities of individuals and organizations come together—sometimes for fun and sometimes for profit—to produce a shared outcome.” 35 Other familiar examples of companies that adopted an open platform are Google, Amazon, and Facebook.

But the number of wiki communities that have been spawned in recent years is mind-blowing. As reviewed in depth in Macrowikinomics, these range from simple carpooling entities like iCarpool, PickupPal, Carticipate, GoLoco, and Zimride, to environmentally conscious communities such as Carbonrally, Earth lab, Better Places, and GreenXchange, to a mass astronomy wiki known as Galaxy Zoo, financial wikis such as Open Models Company, Ven Corps, Zopa, Prosper, and Lending Club, innovation wikis such as Innocentive and Nine Sigma, education communities like Academic Earth, Open Course Ware, and Wikiversity, and hundreds more. Relevant to the medical space are PatientsLikeMe, WeAre.Us, MedHelp, Sermo, and others, which will be discussed in depth.

Innovation has been propelled to new heights as an outgrowth of open, collaborative, nonproprietary networking. As Steven Johnson categorizes the “Fourth Quadrant” of innovation in Where Good Ideas Come From, the global scientific collaboration on understanding the human genome exemplifies this concept36—the original Human Genome Project, the International HapMap, ENCODE, and 1000 Genomes. While the incentives for this form of innovation are considerably different from what drives entrepreneurs or private corporations, the barriers are almost nonexistent.

Collaboration also sets up the world of crowdsourcing, the principle of tapping into a brain trust in real time, which was previously inaccessible. The pooling of minds and “wisdom” of the crowd can be readily accessed through social networking sites like Facebook, Twitter, Windows Live, MySpace, and Baidu. While this can be utilized for simple matters like picking a restaurant or finding a recipe, there are no limits. Twitter has been referred to as the “nervous system” of the Internet.37 One of my favorite people to follow on Twitter is David Pogue, the tech guru for the New York Times. In preparing his column for the Times, he asked his 1.5 million Twitteratti followers for some new iPhone apps that hadn’t been invented. Here are a  few responses: Read2me app: it reads your email, texts, tweets, etc., aloud so you can do other things, like drive; Rejuvenator: aim iPhone camera at your face, snap picture, digitally subtracts five, ten, twenty years from your image; Switcher: switches your iPhone from AT&T to the Verizon network so you can make calls with your phone. Most people probably don’t adequately appreciate the depth of the knowledge reservoir and creative solutions available from their social networks. Things have so drastically changed from the “Who Wants to Be a Millionaire?” TV show that originated in 1998, which allowed game show participants to call a single trusted friend for information. Now we can instantly access the knowledge base of thousands or tens of thousands of people.

The era of crowdsourcing social networks has changed whom we trust. In 2009, Nielsen surveyed 25,000 consumers in over fifty countries and determined that individuals trusted their friends, family, and peers for recommendations 90 percent of the time.38 As Nick Bilton put it in I Live in the Future, “the shifting nature of trust is one reason I think we’re moving toward investing more of our attention and confidence in individuals online and away from traditional companies and their brands.”39 As will be seen, our go-to source for health and medical information is moving away from our doctor—it is increasingly by crowdsourcing and friendsourcing our entrusted social network.


Customized Consumption 

For us digital immigrants who are music aficionados, we had to buy the whole record, or in later years the CD, which inevitably had a bunch of “lemon” songs or fillers. When iTunes and the iPod became available, the music industry was profoundly disrupted as the consumer became empowered. One could easily listen to and download select digital recordings and no longer purchase the whole album. And one could access via the Internet virtually any music that had ever been recorded, regardless of its obscurity. This movement is captured by Chris Anderson in his book The Long Tail: Why the Future of Business Is Selling Less of More, in which he describes how the Internet radically transformed business.40 Companies like Netflix, Amazon, and Rhapsody could quite profitably offer relative obscure film, book, and music selections, respectively, that you couldn’t find anywhere else but online. The ability to cater to individual niche interests was catapulted by seemingly unlimited “deep” inventory and accessibility. This has in many ways set up an era of unprecedented choice, the notion that one size does not fit all, and a compelling alternative to the blockbuster model that has previously dominated our culture. Based on the data available through our  online search engine use or our online social networks, personalized digital advertising has become embedded in our Internet experience.

As Eric Schmidt, the former CEO of Google, said, “The power of individual targeting—the technology will be so good it will be very hard for people to watch or consume something that has not in some sense been tailored for them.”41 The Internet and digital era have driven such customization and targeting to emerge as the norm in almost every industry today—not just advertising but media, retail, finance, travel. Note the exception of medicine and health care.

Hyperpersonalized is the theme of the day. We log on to the websites we are interested in, connect with the people and networks that matter to us, watch the video clips and shows that attract us, listen to the music we like, download the apps we want to use, follow the links and blogs we find interesting, and share the information and pictures we care to. While in the pre-digital era we could pick the radio station we wanted to listen to or the book we wanted to read, the choices and immediate access to content have increased exponentially. Overall a grand sense of individual empowerment is created. On the other end, the companies that are using the Web to target us have the capability of leveraging the rich content we have created. They use demographic and user preference data to create highly personalized advertising. Beyond the individual, the Facebook social network of people who click a button to “like” Patagonia or Pepsi is prime for promotion by Patagonia or Pepsi for its products. This ability to hyperper-sonalize goes further with knowledge of the precise location of the individual—retail stores or restaurants can connect with individuals in close proximity by tracking GPS data. Symmetrically, then, the activity and operation of both individuals and companies are positioned to be more precise and efficient. While there are serious matters to consider regarding privacy, which I will fully discuss in a later chapter, the information flow of today facilitates exceptional customization in multiple directions—from the individual and network, to the individual and network, and between individuals and networks.


Cloud Computing 

Massive server farms, many with several hundred thousand servers, called “clouds,” can now be accessed from anywhere in the world and provide expansive computing infrastructure. One of the largest services is offered by Amazon (Elastic Compute Cloud), which stores two hundred billion digital objects (ranging from files to movies) and handles over 200,000 requests per second and generated about $700 million of revenue in 2010. A  cloud’s three main components are Web-based applications (like Gmail, Windows Azure, Apple iTunes); platforms, which allow developers to write applications; and core-computing services ranging from number crunching to data storage.42 The availability of seemingly unlimited computing power, at very reasonable costs, has provided an extraordinary resource to catalyze all of the changes in the digital world. Eric Schadt, a highly accomplished genetics researcher and “master of information,” was recently featured in Esquire for doing genomics computing via the cloud:
Fortunately, he has the same access to supercomputers that every other American with an Internet connection and a credit card has. He waits till the plane climbs to a cruising altitude, waits for the pilot to allow electronic devices, and then uses the plane’s WiFi to get on Amazon. Amazon sells a lot of stuff—books, washing machines, whatever the hell you want. What it sells Schadt is super-computing on the cheap. You see, companies like Amazon have a lot of computing power available, and now it’s gotten in the business of selling some of that to guys like Schadt and whoever else might want it. A guy like Schadt doesn’t have to work for a company like Merck anymore, because he has as much computing power available to him on an airplane as a scientist at Merck does on the company’s multimillion-dollar supercomputer. More even. On cross-country flights he tells Amazon what data to crunch after takeoff, and for a few hundred bucks the job’s done by the time he lands.43






These C’s have, in aggregate, paved the way for the D’s.




DISRUPTION AND DESTRUCTION 

The cumulative effect of the six C’s has more than fulfilled the concept of “creative destruction” that was originated by Werner Sombart and popularized by Joseph Schumpeter. There is a long list of examples of radical innovation that led to transformation. Specific to the digital world are the shutdown of most music stores like Tower Records, the replacement of video rental stores like Blockbuster by Netflix, the gradual demise of major chain bookstores like Borders and their replacement by online browsing and purchasing via Amazon and other sources, the attrition of print newspapers such as the announcement by the publisher in 2010 that in the future the New York Times would not be printed, even though since 1851 its motto has been “All the News That’s Fit to Print.”44 In place of paid print newspapers there are very successful free online news sources like the Huffington Post. Television, as it exists today, is widely believed to be the next victim of creative destruction. Already sites like Hulu stream many popular shows online, so with the ongoing convergence of the Internet and television, individuals will no longer be subject to watching a program at a specific time. While digital video recording was a start, the disruption that has hit most other forms of media, including music, newspapers, and video, will likely continue to chip away at television. The number of homes with Internet-connected televisions is expected to reach forty-three million by 2015, up from two million at the beginning of 2010.45





DEALING WITH A DATA DELUGE 

Another critical impact of the C’s relates to the generation of a tsunami of data. The 1965 paper by Gordon Moore framed what is known as Moore’s law. The doubling of capability of digital devices every eighteen months—such as transistors per mm2 on an integrated circuit, memory capacity, or processing speed, or the size and number of pixels in digital cameras, has been remarkably in step with Moore’s law for the past forty-five years. To appreciate the change in data available for one digital immigrant, some numbers can help provide context. Almost thirty years ago, I purchased my first personal computer. It was the IBM 5150, with a central processing unit of 4.77 MHz and 16 KB of RAM, which cost over $2,000. In 2010, I bought a MacBook Air with 1.8GHz (1800 MHz or 377 times the 5150) with 2 GB memory (2,097,152 KB =131,072 times the 5150) for a fraction of that price of adjusted 1981 dollars. This experience certainly follows Moore’s law. In 1982 the transistor count in a central processing unit was about 50,000; today it is in excess of 2 million. Or as the futurist Ray Kurzweil recently put it, “a computer that fit inside a building when I was a student now fits in my pocket, and is a thousand times more powerful despite being a million times less expensive.”46


Notably, and quite important for the topic at hand, there has been one digital technology that represents the exception to Moore’s law—sequencing DNA. As shown in Figure 1.2, the throughput and cost of sequencing DNA has ratcheted down in a manner far exceeding Moore’s law.47 With the use of the so-called next generation of current sequencing platforms, such as Illumina’s HiSeq or Life Technologies SOLiD 4, more than twenty-five giga-bases (a giga is a billion) of sequence are generated per day.

Eric Schmidt of Google pointed out that from the dawn of civilization to 2003 there were a total of 5 exabytes (1018) or 1 billion gigabytes of data. Today there are at least 5 exabytes every two days!48 And the tsunami of data is far from having reached a plateau. In 2010 the digital universe crossed  the zettabyte threshold (1021), or 35 trillion gigabytes (1 sextillion pieces) of data.49 Supercomputers are now capable of performing 2,500 trillion operations per second.50 Much of the next wave and amplification will come from human biologic and physiologic data sets. For each person who has his or her whole genome sequenced, with fortyfold coverage (sequencing an average of forty times to improve accuracy) there will be about 240 billion bytes of data generated. By the end of 2011, there is expected to be between 3,000 to 10,000 people fully sequenced.51 That number will subsequently increase logarithmically as a result of the remarkable plummeting of the cost and efficiency of future sequencing technology platforms. Similarly, continuous monitoring of physiologic data via biosensors connected to a large cohort of individuals will contribute to data flooding.

 






FIGURE 1.2: The marked reduction of the cost of computing (transistor/ mm2) is exceeded by the reduction in cost of sequencing DNA.
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This deluge of data to reckon with doesn’t even take into account the output from sensors for smart energy grids and “smart cities,” in which traffic patterns, water, refuse, power, and other systems are monitored and connected via sensors placed throughout many cities around the world. The number of wireless sensors was estimated to be 10 million in 2009 and projected to be 645 million by 2015. In late 2010, a special report by the Economist on smart systems portrayed “a sea of sensors,” in which “anything and anyone—machines, devices, everyday things and particularly humans—can become a sensor, gathering and transmitting information about the real world.”52





THE DATA-DRIVEN CULTURE 

Even the uninitiated individual who was not particularly datacentric in his or her preceding analog life must now acknowledge that our current digital  world has radically changed the landscape. The instantaneously accessible data coming in through texts, emails, photos, books, videos, searches, Web surfing click-click-clicks has changed us forever.53 This combined infostruc-ture and infrastructure yields a ubiquity of information.

This ubiquity is well exemplified by the “culturomics” project of Google. Over five million books published from 1500 to 2008, with more than five hundred billion words from six languages, were digitized and made available for searches of any word or group of words. The project is still expanding, and Google has already scanned two trillion words. When culturomics was first launched at the end of 2010 in the journal Science, the New York Times described it as offering “a tantalizing taste of the rich buffet of research opportunities now open to literature, history, and other liberal arts professors who may have previously avoided quantitative analysis.”54 It is astounding that such a simple online tool can provide access to trillions of words from the published books of over six centuries. It represents the “think big” approach to the sea of information.

We have markedly changed the way we communicate and interact with one another and, to an even greater extent, how we think and behave. All of these developments have been penetrating across our culture, affecting how we shop, travel, bank, invest, and consume information—and making us more apt to be quantitative. But interestingly and perhaps not surprisingly, given the sclerotic nature of the medical community, little has thus far touched the practice of medicine. While medicine is remarkably resistant to change, the ability to digitize any individual’s biology, physiology, and anatomy, along with other elements—all things digital medicine—will undoubtedly reshape the future of medicine. The sense that a great inflection, from a time in medicine that shunned the digital era to one that will become dependent on it, is imminent derives from the unprecedented changes that have already taken place in virtually every other walk of life. Our health care system is broken and desperately needs to change. The recent flourishing of health and fitness digital devices and apps further lays the groundwork for the big changes that are destined to occur in medicine.




THE BIG PICTURE SUPER-CONVERGENCE 

Marshall McLuhan, the visionary communication theorist, forecast the impact of the digitizing human in many ways. In his 1962 book, The Gutenberg Galaxy: The Making of Typographic Man, he coined the word “surfing” for “rapid, irregular and multidirectional movement through a heterogeneous  body of documents or knowledge” nearly thirty years before the World Wide Web existed.55 Add to that his concept of “the global village” to depict the interconnected culture via an electronic nervous system, presaging the social networks of today. Moreover, he wrote at length about the outward extension of the self through connective devices such as the typewriter, telephone, and television. In the prologue of that book, he characterized media as “extensions” of our human senses, bodies, and minds. David Gelernter, in his 1992 book Mirror Worlds, laid out the vision for digitally capturing a chunk of reality, a “brand new equilibrium,” and even applied this concept to medicine:
A Mirror World is an ocean of information. Fed by many streams . . . fed by automatic data-gathering and monitoring equipment, like the machinery in a hospital’s intensive care unit, or weather-monitoring equipment, or traffic-volume sensors installed in roadways. These streams may be so fast-rushing that they threaten to overwhelm the main program with information tidal waves. The solution is to connect Mirror Worlds to fast-rushing data streams via a sort of software hydroelectric plant. Such programs are designed to sift through complex floods of data looking for trends and patterns as they emerge. They are constructed as layered networks. Data values are drawn in at the bottom and passed upwards through a series of data-refineries, which attempt to convert them into increasingly general and comprehensive chunks of information. As low-level data flows in at the bottom, the big picture comes into focus on top.56






The ability to digitally define the essential characteristics of each individual—the high-definition human—sets up a unique era of medicine. To lay the foundation, we begin to explore the status of medicine today and how it drastically needs to be upgraded by recognizing the primacy of the individual. Perhaps the most oft-quoted line by Marshall McLuhan is “the medium is the message.” Medicine today relies on the median, whereas in the imminent future it can and will be anchored to the individual. The median will ultimately not be the message in medicine. Beyond the advances in technology, for that to happen, individuals—consumers—will need to step up and lead the way. The upcoming information will define individuals in unprecedented ways, and individuals need to exploit their information to transform medicine.
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THE ORIENTATION OF MEDICINE TODAY

Population Versus Individual


Care more particularly for the individual
 patient than for the special features of the disease.

—Sir William Osler, 1899



A BUZZWORD IN MEDICINE is “evidence-based.” If something is evidence-based, then it has some kind of sanctified quality and must be a good thing for patients. A large proportion of tests and prescriptions used frequently in medicine have little or no supportive evidence of utility. A recent poll of Californians found that 65 percent believe that nearly all of the health care that they receive is based on solid scientific evidence. The Institute of Medicine, a prestigious group of physician experts and researchers, weighed in on this question and determined that any valid evidence supports “well below half” of the practice of medicine.

So let’s consider the most widely used prescription drug in the world—Lipitor. Lipitor is in the family of medicines known as statins, which inhibit  the liver enzyme HMG CoA reductase and, in most patients, achieve substantial lowering of cholesterol levels in the blood. Lipitor wasn’t the first statin in common use. It was preceded by Mevacor back in the 1980s, and also by Pravachol and Zocor. But Lipitor became the number one statin, with over $13 billion in worldwide sales per year—the highest revenue in the history of prescription drugs—because it lowered cholesterol more than the statin drugs it preceded, it was tolerated well with only infrequent side effects, and it was marketed very effectively.1


The marketing of Lipitor attracted considerable attention in 2008, when the primary pervasive pitchman on television commercials and in newspaper, magazine, and radio ads was exposed. Although he was advising all listeners and readers to take Lipitor, Dr. Robert Jarvik, a pioneer of the artificial heart device, had never practiced medicine. The TV commercials portrayed Jarvik engaging in significant physical activity: rowing a racing shell across a mountain lake. But the rowing was actually performed by a stuntman who resembled Jarvik. Beyond that we learned that Jarvik only started taking Lipitor after he signed a contract with the drug manufacturer for at least $1.35 million over two years.2 But there was something far more disturbing than an unlicensed physician giving medical advice to millions of people.

The advertisements stated that “Lipitor reduces the risk of heart attack by 36 percent*.” A 36 percent reduction seems quite impressive. There are over a million heart attacks in the United States per year, and they represent the most frequent cause of death. Wouldn’t reducing the number of heart attacks by more than a third prevent hundreds of thousands of such catastrophic events?

But the asterisk linked to a definition on the full-page ads that appeared frequently in the New York Times, USA Today, and the Wall Street Journal and read, “That means in a large clinical study, 3 percent of patients taking a sugar pill or placebo had a heart attack compared to 2 percent of patients taking Lipitor.” Now we are talking about evidence-based medicine: of every one hundred patients taking Lipitor to prevent a heart attack, one patient was helped, and ninety-nine were not. So why would tens of millions of individuals take Lipitor or other statins every day for the rest of their lives? The drugs cost at least $4 per day or more than $1,500 per year for the unfortunate folks who do not have a prescription plan. This even prompted John Carey to write a feature article in Business Week in 2008, entitled “Do Cholesterol Drugs Do Any Good?”3


One major reason for the widespread use of statins is what is known as the “surrogate end point.” When people see the term “surrogate,” the first association is with surrogate mother—not the real mother. It’s similar  here. Even though the rationale for prescribing a statin is to reduce the likelihood of a heart attack, stroke, or death (the real end point), there is an intermediate measurement that is thought to correlate well with the primary goal—lowering blood cholesterol. It is considered the proxy, or surrogate end point, for improving patient outcomes. The thesis is that for each percentage point that bad cholesterol (low-density lipoprotein, or LDL) is lowered, there would be about 1 percent reduction of heart attacks. So these two end points, the blood cholesterol test and heart attacks, should track very closely.

Unfortunately, that is not the case. Almost everyone who takes Lipitor has a reduction in LDL cholesterol, and often the lowering is pronounced. The patient and the doctor are quite gratified to see an LDL cholesterol reading drop from 150 mg/dl to 90 mg/dl. Hospitals now even assess the quality of care of their doctors by examining the records to be sure that every patient with an LDL above 130 mg/dl has been prescribed a statin. If a physician does not prescribe a statin or record in the chart that this was not possible because of side effects, such as muscle inflammation, he or she is essentially given demerits for not following “evidence-based medicine.” Typically a monthly or quarterly report is issued to the medical staff indicating the compliance of the physicians with the norms set for prescribing.

So almost all patients will have a great blood test result with Lipitor. But only 1 out of 100 without prior heart disease but at risk for developing such a condition will actually benefit. It therefore seems that the predominant benefit is cosmetic, normalizing an out-of-range blood test, at the risk of engendering side effects and adding to our current burden of $300 billion per year for prescription drug costs in the United States.4 The statin benefit is certainly greater in those individuals who have already manifested heart disease and can be readily justified. But the wholesale use for primary prevention, beyond overwhelming regard for a surrogate end point, is the outgrowth of how we interpret clinical trials.

The holy grail of evidence-based medicine is the large-scale randomized, double-blind, placebo-controlled clinical trial performed under the most rigorous conditions. This means that typically 10,000 or more patients are randomly assigned to take a drug or placebo without the patients or their doctors knowing what they actually received, with extended follow-up to see if major adverse events were diminished with the drug. Figure 2.1 represents the event curves for heart attack, stroke, or death from a recent major trial of Crestor, another statin that is even more potent for lowering cholesterol than Lipitor. Over 17,800 patients were enrolled. The reduction from 4 percent of events in the placebo group to 2 percent in the Crestor  (Rosuvastatin) group is statistically significant. There is a probability of less than 1 in 10,000 that this result could have occurred by chance. But is helping only 2 out of every 100 patients who take lifelong Crestor worth it? How about the 98 out of every 100 patients who don’t derive benefit? And what about the unexpected trade-off of developing diabetes in 1 of every 400 patients treated? A recent global consortium known as the Cochrane Collaboration reviewed all the data from fourteen randomized trials and over 34,00 patients and concluded there was no net overall benefit of statins for patients without preexisting heart disease.5


 






FIGURE 2.1: The risk of death, heart attack, and stroke among 17,800 patients randomly assigned to receive either Rosuvastatin or placebo for over four years. Source: P. M. Ridker, “Rosuvastatin to Prevent Vascular Events in Men and Women with Elevated C-Reactive Protein,” New England Journal of Medicine 359 (2008): 2195–207.
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This is as good as it gets. The trials of Lipitor and Crestor are state-of-the-art and considered exemplary proof for the broad use of these medicines for preventing heart disease. There is nothing particularly unusual about Lipitor or Crestor; they are commonly used drugs and heavily promoted. But what this represents is really population medicine, the antithesis of medicine directed at and for an individual. The push for “statins for all” has been dubbed “mass medicalization” and accounts for $26 billion a year of statin prescription costs.6 Instead of identifying the 1 person or 2 people out of every 100 who would benefit, the whole population with the criteria that were tested is deemed treatable with sufficient, incontrovertible statistical proof. Even the term “NNT”—numbers needed to treat—has been coined to denote how many people have to be given a therapy to identify the few who will derive the expected benefit. You can even look up the data for the numbers needed to treat for many medicines on the website www.theNNT.com. What constitutes evidence-based medicine today is what is good for a large population, not for any particular individual.
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