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			In memory of my mother, who led the way

			For my father, who kept us going

			And for Ronen, who pushed me up the hill

		

	
		
			
			
				All crises begin with the blurring of a paradigm and the consequent loosening of the rules for normal research . . . And all crises close in one of three ways. Sometimes normal science ultimately proves able to handle the crisis-provoking problem despite the despair of those who have seen it as the end of an existing paradigm. On other occasions the problem resists even apparently radical new approaches . . . Or, finally, the case that will most concern us here, a crisis may end with the emergence of a new candidate for paradigm and with the ensuing battle over its acceptance.

				—Thomas S. Kuhn

				The Structure of Scientific Revolutions
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			INTRODUCTION: 
WE THE SCIENTISTS

			The early 2000s marked a hopeful time for many cancer patients. Decades of basic research, growing understanding of the biology of cancer, and billions of dollars of government investment had finally yielded breakthroughs in treatments. Targeted therapies homed in on specific proteins in tumors, stopping them from growing and spreading without many of the debilitating side effects associated with traditional chemotherapy regimens. New drugs continued to come on the market. Growing numbers of people started wrestling with what it meant to live with cancer as a chronic health condition rather than as a death sentence. As a reporter on the health beat, I spent a year working on a series of articles for The Wall Street Journal chronicling the transformation in cancer patients’ lives. I came away from my reporting hopeful about what the new therapies could do.

			Then, after finishing that series of articles in 2004, I got a very personal reminder of just how far we still had to go in finding effective treatments for cancer. In December of that year, my mother was rushed to the emergency room, doubled over in excruciating pain. Doctors diagnosed metastatic gallbladder cancer, a rare disease that, along with cancer of the nearby bile ducts, affects about 12,000 Americans each year. In comparison, more than 290,000 Americans are diagnosed with breast cancer every year.

			I soon learned what that disparity meant. Those promising targeted therapies I had been writing about weren’t available for people like my mother. That’s because the pharmaceutical companies that run most of the clinical trials for new drugs weren’t working on developing new treatments for gallbladder cancer; the market was simply too small to justify the resources and investment required to identify, test, and get novel drugs approved. Even if they had been willing to try, studies indicated that the time from a promising idea in a lab to market approval was closing in on seventeen years—far too long to ever help my mother, since people with metastatic gallbladder cancer rarely live more than two years. The only available options were drugs that over the decades had exhibited only limited success; the odds of them helping now weren’t good.

			At major cancer centers like the one where my mother underwent chemotherapy, there wasn’t a lot of data available on how previous patients fared or if one drug seemed better than another. The number of patients with gallbladder cancer at individual institutions was in the single digits, too small to be statistically meaningful, and the researchers didn’t pool data with all the other centers that also saw gallbladder cancer patients. Researchers who generated a hypothesis struggled to get funding from either the government or large private foundations to test their theories; as a result, promising ideas languished. Scientists interested in finding drugs for rare diseases often have to go it alone, with predictable consequences for patients like my mother. Each round of chemotherapy failed to stop or slow down the insidious progress of the disease. My mother died in May 2007, a few weeks after her sixty-fifth birthday.

			After her death, a feeling of helplessness profoundly shook me. I had been reporting on promising new options for cancer treatments, but in my mother’s case, we had none. Why? My mother’s oncologist was thoughtful and compassionate but lacked any data upon which to base trying a different approach than one that had been failing for decades. A scientist I interviewed who was interested in pursuing novel research had collected gallbladder tumor samples, but they remained locked in a freezer because he couldn’t get the time or funding to move the project forward. I felt I shared a portion of the blame too: Could I have done something different or something more to save my mother’s life?

			I started reading histories about successful patient advocacy movements started by patients with HIV and breast cancer who founded new organizations and confronted the medical establishment. I was struck by how many of the participants framed their efforts to accelerate drug development as part of a broader social movement fighting for social and political equality. In addition to helping drive the development of drugs in their own diseases, they tried to influence national health policy. HIV activists pushed the U.S. Food and Drug Administration (FDA) to think differently about the way it went about assessing if a drug was working. They wanted the agency, when weighing clinical trial results, to formally authorize the use of surrogate markers, data points that indicate patients are benefiting but don’t definitively show they are living longer. The agency agreed and initiated the Accelerated Approval Program that over the years has allowed for faster approval of drugs for HIV and other life-threatening conditions. Breast cancer, disability and mental health activists, and other patient-driven groups also insisted that they should have the right to help shape policies surrounding clinical trials, including determining how much risk they were willing to take when trying experimental drugs. As a result of their activism, hospitals and academic centers routinely include community participants as members on institutional review boards that ensure the protection of the rights of people participating in research. Patients serve on various government advisory committees, offering their views on proposed projects or weighing in on some funding decisions.

			But despite these important gains, my family’s journey revealed to me that something larger wasn’t working. Patients on government advisory committees are usually outnumbered by scientists and researchers; their presence can often seem more like tokenism than something transformative. One study I read discussed how even in partnerships explicitly set up to encourage collaboration, doctors, not patients, dominated the discussions and set the priorities. The concerns of patients too often remain on the edges of the scientific enterprise, rather than at its very center. While individual patients or groups successfully mobilized and achieved some victories at the edges, the heart of the system remained largely unchanged.

			Science involves designing experiments, gathering data, and interpreting results. But none of these things take place in a vacuum; every step is shaped by value judgments made along the way. The questions investigators ask, the diseases they study, the trial design they choose, and the funding they receive encompass and reflect scientific reasoning but must also go beyond it. Scientists bring to all these things their personal backgrounds and experiences, aspirations and emotions, along with pragmatic assessments about what’s already known about a disease and philosophical approaches about what’s best for the common good. When only one group is given the power to gather, analyze, and interpret the data, it can skew the interpretation. Science is inherently a social enterprise, yet too often scientists operate behind closed doors, removed from the very people they intend to help.

			In the months after my mother died, I began traveling around the country, supported by a health policy research grant from the Robert Wood Johnson Foundation. I wanted to meet people who were trying to change the current system. A few months into the project, a policymaker who had given me helpful advice about researching my mother’s condition reached out. He told me about a fatal genetic condition known as Niemann-Pick disease type C (NPC) that mainly, but not exclusively, strikes children. The disease, which causes cholesterol to accumulate in tissues in the brain and other organs, was very rare, I soon discovered—only about two hundred cases were known in the US at the time, with an estimated five hundred around the world. Children typically appeared normal at birth, but then progressively, and inexorably, lost the ability to walk, talk, and eat. Most people diagnosed with NPC in early childhood were dead by the age of nineteen. There was no cure—but that wasn’t the end of the story. Frustrated by the same feeling of helplessness that gripped my family after my mother’s diagnosis, a group of parents whose children all had NPC had decided to take matters into their own hands.

			Intrigued, I started talking to the parents, and I soon realized that they had embarked on a remarkable social experiment, one that had the potential to transform how we pursue cures for rare diseases and contribute to the creation of what one of the scientists who later joined the effort described as “the new paradigm,” where patients and scientists are equal partners.

			Ordinary people with no scientific background were not willing to leave science to the scientists. A movement was growing, empowering patients to gather and analyze their own medical data. These people called themselves “citizen scientists,” and they used the internet to find one another. Some sought genetic information and test results—information they received from new direct-to-consumer genomics companies such as 23andMe and then shared with other like-minded patients in chat groups or organized communities springing up on Facebook. Others devised experiments, asking the kinds of questions that often didn’t get attention from professional scientists because they were on topics or issues unlikely to lead to published papers in scientific journals, the process of which was an essential part of advancing scientific careers. In some instances, wealthy individuals or patients directed money to scientists but with one big condition: investigators could no longer hoard data. Researchers who might have once preferred to wait until a paper was published now met frequently to share and discuss their findings with one another and their benefactors. Science, and the notion of who was a scientist, was starting to change.

			The parents I got introduced to that year knew their children didn’t have a lot of time. As each month and year went by, their children lost more neurons and their cognitive abilities and motor skills declined. The urgency of their search for a cure was greater than that of the scientists who were also working on the disease, because they were racing to save people they loved. Although they weren’t trained scientists, these parents wanted to produce scientific knowledge. From the outset, they had shared their children’s medical records, read and discussed scientific papers, and held weekly conference calls in which they listed and prioritized promising treatment leads. They knew what they were doing was valuable; they studied people, whereas the scientists studied cats and mice. They also recognized there would never be a treatment in time to save their children if things stayed the same. And so, remarkably, they had convinced a few scientists working on the disease to forge an unusual collaboration with them in search of a cure.

			

			
				
				•   •   •
			

			
			Until the late nineteenth century, there were no professional scientists. Science was pursued by anyone with curiosity, intense passion, or personal interest in a topic. People built telescopes to identify planets or set out on perilous voyages of discovery around the world to gather and study interesting biological specimens. Such efforts were almost always funded by a personal fortune or the fortunes of others who shared common interests and goals. In the twentieth century, however, the notion that anyone could be a scientist gave way to the establishment of a profession. Science became a guild. To get in, you needed years of study, the acquisition of expertise, specialized training under the tutelage of seasoned veterans, and a university degree.

			Over time, scientific projects got more complicated, and more expensive, to run. Governments stepped in, providing grants to fund research. As stewards of public monies, they required that recipients demonstrate some sort of sanctioned expertise. Professionals directed the studies, evaluated the utility of the projects, gathered the data, and analyzed and published the results.

			Scientists still needed help from wider society. For one thing, they wanted patients and families to lobby Congress for more government funding to support basic science and advocate for bigger budgets for agencies that gave research grants, such as the National Institutes of Health. They needed patients to enroll in the clinical trials they organized, and to donate blood, tissue, and other samples to help advance their research, which revolved around questions they found the most interesting.

			In a few cases, members of the public still played an important role in the scientific enterprise. In 1899, Frank Chapman, an ornithologist, organized the famous Christmas bird census, a one-day event in which amateur bird-watchers make observations and pool them for science—an event that still happens today, sponsored by the Audubon Society, and involves more than sixty thousand people. But that effort, along with similar ones that relied on citizens to report water levels in backyard streams or identify stars in the sky, were still largely directed and managed by professionals, who considered the data theirs and might keep it to themselves until they decided to publish. Scientists and amateurs were not equal partners in these enterprises. The scientists called the shots.

			There were efforts from the very beginning to bridge the growing gap and retain public support. Annie Alexander, an amateur naturalist and heir to a shipping and sugar fortune, founded the Museum of Vertebrate Zoology in 1908. The Berkeley, California, museum, located far away from the center of professional activity in the field on the East Coast, depended on ordinary people to share their fossils in order to build its own collection. Annie hired a scientist, Joseph Grinnell, to run the museum in a way that engaged the public while still ensuring the credibility of the burgeoning collection among the established professional biology community.

			Joseph took a hybrid approach. He knew there was a core set of information sought by professionals to enable their detailed analyses. So he developed a standardized, accessible method for labeling and collecting specimens that didn’t require a degree in zoology to follow. Joseph understood that all the different individuals involved in supplying the specimens—amateurs and professionals alike—didn’t have to agree on how to interpret the information. The data could still “have different meanings in different social worlds,” wrote the scholars Susan Leigh Star and James R. Griesemer in a paper about the museum. But the standardization of the collection methods, the authors wrote, “provided a useful ‘lingua franca’ between amateurs and professionals” and opened up a way for them to identify common areas of interest, such as land conservation in California.

			“The creation of new scientific knowledge depends on communication as well as on creating new findings,” the authors pointed out. Amateurs and professionals do not have to reach consensus on every aspect of an endeavor in order to productively collaborate, the authors concluded, a lesson that is as relevant today as it was back then.

			

			•   •   •

			
			When I first began reporting on the NPC project, I could see the parents and scientists were trying to construct a fundamentally new kind of collaboration. They were good people who all wanted to save the children’s lives. But despite their common goal, it quickly became apparent that they had different attitudes and approaches toward the production of science. For over half a century, the focus in medical research had been on discovery launched by an individual investigator and experiments inside a lab. The parents tried to force the lab doors open. They didn’t intend to follow the usual rules.

			The parents and the scientists I met had a list of leads to test. Some involved compounds that the parents could buy on their own and try on the children, without the scientists’ approval. From the beginning, this created tensions. Was it truly a partnership if the parents used the scientists’ data without permission to choose drugs to test on their children? Who exactly should decide how soon experimental drugs that were promising in animals but whose toxic effects were not yet fully understood should be tried in humans—particularly children who were unable to make their own decisions? How was it possible to accommodate the understandable desire of parents to save the lives of their own children without addressing the possibility that something could go wrong, which could in turn derail the prospects of future access to promising, potentially life-saving treatments for everyone else? The parents wanted to prioritize what they saw as in the best interest of their own children, without harming others in the group. The scientists, for their part, felt a moral obligation to the broader community, especially to patients who hadn’t even been born. The parents and scientists were working together, but they also had fundamentally different interests. So when moral conflicts arose in their collaboration, I wondered, what ethical framework could be used to assess and resolve them?

			These were new and difficult questions. It wasn’t only the science that was inadequate in this situation, I realized. The system of research ethics that had evolved over decades to protect human subjects didn’t seem to apply.

			Existing rules, frameworks, and guidelines were not relevant to the new kind of relationship the parents and scientists were pursuing. The people who wrote the guidelines never expected parents to drive research, organize their own experiments, or work as partners with scientists. Many questions were unanswered because they had never been considered.

			The rules were set up to protect vulnerable people from the scientists, doctors, and investigators, groups that had more power and more information than patients or families. But when the parents themselves helped design and run the experiments, were they vulnerable? When the scientists insisted that the only valid and ethical form of scientific research was the gathering of data to benefit future, not current, patients, did this truly live up to the ethical ideal of justice? Both sides in the collaboration raised hard questions. But current ethical standards didn’t recognize those questions, let alone try to solve them. Often, the disagreements over science seemed to me to primarily be disputes about values. This was fraught but absolutely fascinating territory.

			

			•   •   •

			When I began this project, more than a decade ago, I could not be certain it would become a book. For years, I pursued it on the side, on weekends and in between my other reporting assignments, compelled to learn more. But the more I immersed myself in the subject, and the better I got to know the people and issues involved, the more I grew convinced that I was witnessing something potentially transformative. In 2012, I told my editors about the research I had been doing, and they encouraged me to write about it at length.

			So began what would become, in 2013, a series of ten articles published in The Wall Street Journal about the parents and scientists whose efforts to work together and co-create scientific knowledge I had been following. I wanted to tell the story of the collaboration from both sides, and to start examining the many ways the effort raised provocative questions about values, ethics, medical research, and the nature of science.

			Even after completing the series, I kept following the story. I couldn’t stop. The stakes felt too high, the issues too complex, and the story too interesting to move on. I got to know more about the daily lives of the participants, visiting the families in their homes, watching the disease progress in the children and the toll it took on them and their loved ones. Sadly, some of the children died while I was still writing this book.

			I spent time with the scientists in their labs, trying to learn why it was so hard to be certain about results, and also getting to know them during the rare moments when they were not working. I was reminded that they too were parents. Most of all, I continued to grapple with the larger societal questions that the story raised—so much so that, to get a better purchase on them, I pursued a master’s degree in bioethics at Harvard Medical School. In the years that followed, the story took promising and also devastating turns—and citizen science, as a movement, really took off. Journals and blogs devoted to the subject began to appear. It got easier for scientists and families to connect with and find one another. Parents of children with rare diseases and their allies—including parents who were part of the NPC disease collaboration—helped found an advocacy group called Global Genes, which offered support and advice on how to direct scientific research and sustain scientific collaborations in diseases that once languished from lack of resources and attention. Scientists and laypeople joined ranks to form a Citizen Science Association and started confronting some of the thorny ethical questions. The National Library of Medicine, which preserves important scientific publications, began collecting citizen scientists’ blogs in order to include them in the official scientific record.

			Given everything that was happening, I felt the only way to do the story justice was to write a book about it—this book. I did not intend to chronicle the history of NPC patient advocacy. I chose to highlight the views and perspectives of some, but not all, of the many players involved, gravitating toward those who not only propelled events in the narrative forward but also raised the most confounding questions along the way. The collaboration they all built helped change the way I think about science. The many achievements and setbacks they continue to experience is a reminder of how complex and important and difficult the whole process has been—and continues to be. It is a remarkable and inspiring story, despite the many difficulties.

			Toward the end of the book-writing process, the Covid-19 pandemic erupted, overwhelming hospitals, shuttering schools, closing businesses, and killing millions of people around the world. Many of the issues that bedeviled the intimate collaboration between NPC parents and scientists were now being played out on a large, worldwide, public stage. In response to the Covid crisis, regulatory agencies made it easier for scientists to develop vaccines and therapies in record time. Journals allowed Covid-19 information to be freely and immediately shared online, available for study by scientists and citizen scientists alike. Patients, not professional scientists, were the first to notice that growing numbers of people still suffered debilitating and sometimes confounding symptoms months after they were infected with Covid-19. They even gave the disease its name, Long Covid.

			This new group of citizen scientists started collecting data about themselves. They released patient-driven studies online—and found themselves cited as experts by the director of the NIH, who in a blog post about their work linked to their self-reported data alongside a paper published in a traditional scientific journal. The pandemic offers a historic opportunity to finally build an infrastructure that can both enable and grow citizen science. It is too soon to know if the sense of urgency and spirit of collaboration that marked the early days of Covid will continue once the acute phase of the pandemic starts to recede. I realize that there are scientists who likely still remain unconvinced that collaborating with citizen scientists is a good idea. They might continue to insist that only those with elite and specialized training can do the work they do, or raise concerns that people who are not professionals could end up pursuing questionable or even potentially dangerous treatments in a desperate attempt to save themselves or their loved ones. There are also certainly members of the public that don’t see themselves as experts, capable of shaping and directing and participating in meaningful scientific research. Still, I like to think that after they read this book, they will be persuaded by the evidence and change their minds—just as the very best scientists often do.
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			THE HERE AND NOW

			Addison and Cassidy Hempel, identical twin girls, were born on January 23, 2004.

			Their father liked to say that the girls had a birthday no one could forget. “Born on one, two, three, four,” Hugh Hempel said.

			In the hospital, for the first few days after they were born, the nurses called the girls Baby A and Baby B. Hugh and Chris, the twins’ mother, had picked out three potential names if the children turned out to be boys: Clayton, Carson, and Cole. The names rolled off their tongues. But they couldn’t agree on what to call the children if they turned out to be girls. They decided they wanted to see their faces first, and then decide.

			The twins were supposed to be born at the Washoe Medical Center in downtown Reno, a short drive from the couple’s home in a grassy enclave that boasted its own private golf course. But the evening Chris went into labor, the neonatal intensive care unit at the hospital was full with premature babies, so they got sent to another hospital a few miles away. By the time they arrived, it was 10:00 p.m. Chris had already been in labor for hours. The hospital scrambled to get a team together and rushed Chris into surgery for a caesarean section. By 11:15 p.m., the girls were born, arriving a minute apart. They each weighed less than five pounds. Their eyes were a dark blue that started to lighten as the days went on. They
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