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For my remarkable mother, Hilda Werth
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Joshua Boger

Courtesy of Vertex Pharmaceuticals, circa 1994





INTRODUCTION



Why I Went Back Inside Vertex

Twenty years ago, I wrote a book about a bold and bruising quest. It told the story of a group of entrepreneurial young scientists who left the world’s best drug company—the most admired business in America year after year—because they were confident they would be more productive on their own, starting from scratch. They aimed to design better drugs, atom by atom. Most people across the industry thought their project in a refitted construction company garage in Cambridge, Massachusetts—to build an organization that could produce dramatically improved medicines to transform the lives of people with serious diseases—was a pipe dream, a money pit, a consuming act of arrogance, an exhausting feat of hubris, a fool’s errand.

“Don’t you think this is five years too early?” founding scientist and president Joshua Boger was often asked. “Yes,” he would say, “but five years from now it’ll be five years too late.”

I found their passionate belief in science and in themselves, brimming with high purpose and combative glee, stirring and infectious as I followed them around for a couple of years while they tried to get their cash-starved company, Vertex Pharmaceuticals, off the ground. It was a rocky, exhilarating, eye-opening ride. The chase for new leads was fierce, not just against “Mother Merck” but also top academic labs, including those led by some of their own scientific advisors, who they feared were sharing Vertex’s most prized insights with its rivals. When Boger settled for a tie in a race to publication against one of them, a Harvard professor, he told me: “I’ll take it. But I want to rub his nose in the dirt and step on his head.”

Such was the knife-edge between cooperation and competition in the new biopharmaceutical order. Whatever unease I felt at witnessing up close how ferocious capitalism and scientific rivalries—rather than, say, altruism—drove the search for new lifesaving drugs receded in the wake of Vertex’s precocious early success. Boger assembled a team of talented, rampantly motivated biologists, chemists, biophysicists, and computer scientists while he and his chief lieutenant tap-danced their way around the world to raise the money they would need to compete with the pharmaceutical behemoths. Though they were spectacularly outspent and outmanned in every area, he let them organize themselves, rather than try to direct them from above. He let them fail, time and again, until they came up with better approaches. He was a visionary goal setter, an inspirer.

Against all odds, within four years Vertex proved it could compete at the forefront of drug research, against the industry leaders, in several major areas at once. It had gone public and Wall Street considered it a hot stock. What I saw impressed me as a worthy, honest, compelling, even noble effort both to beat and influence the world around it—a world where life-changing new drugs were getting harder and harder to find despite the best efforts of hundreds of companies employing tens of thousands of equally gifted and passionate researchers and spending hundreds of billions of dollars on research and development.

That was the story I told in The Billion-Dollar Molecule. I was encouraged by the company’s progress; pleased, too, that the book was acclaimed as an insightful look inside the world of commercial medicine. But I understood that the upstart-biotech-looks-promising version of events that I had reported wasn’t the full story, or even the main one. Boger had set out to build a drug company, but Vertex hadn’t yet produced a drug. Nowhere near it. For him and the other company pioneers, the larger prize wasn’t organizing a research group to find better compounds; it was to build a business that could go head-to-head with the world’s most profitable drugmakers against the hardest diseases, involving some of competitive capitalism’s most complicated science and most cutthroat marketing maneuvers.

I’d described the opening skirmish, not the war.
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The modern pharmaceutical industry emerged from one of the great triumphs of twentieth-century science. Before the 1940s, there were medicines and companies that made them, but no one had invented a method for actively finding and developing new drugs. Profits in medicine were disdained as suspect—immoral—and the companies were essentially manufacturers of fine chemical compounds. Since their products could do as much harm as good, integrity was key. Then university laboratories advanced a new approach: microbial screening. Systematically harvesting large numbers of chemicals from “good bugs” and feeding them to “bad bugs,” then monitoring and improving their activity, drugmakers produced and brought to patients the first antibacterials that had been actively sought and developed.

The chase was on: for new diseases to treat, testing strategies, business opportunities, scientists, alliances with leading doctors, prestige, and money. As with all things in America, World War II was the great catalyst. Just as the companies were flexing their research and development arms to tackle other diseases, the government enlisted them in the war effort. In 1941 the Germans were rumored to have isolated the chemical secretion of the adrenal cortex, cortisone, and given it to their pilots, amping them up, emboldening them. Battlefield wounds and home-front contagions drove the need for better antibiotics, vaccines, pain relievers, and surgical products. Drugmakers were marshaled to counter the threat of a pharmacologic arms race. By midcentury, US companies had more than matched the government’s urgency, and were racing ahead, developing new biological models to screen against. Profits began to pour in. Wall Street stood up and took notice. The companies grew spectacularly.

Merck, where Boger started his career in 1979 after getting a PhD in chemistry at Harvard and doing a postdoctoral stint with future Nobel laureate Jean-Marie Lehn, was their paragon. It best represented the qualities that the industry exalted, a patient-centered, high-science focus combined with unrivaled organizational commitment to R&D. It wasn’t always the most profitable drug company—Pfizer and others were better at making money—but its research campuses in New Jersey and outside Philadelphia attracted the most promising scientists. It was where you wanted to be, the top of the pyramid.

In the 1970s and 1980s, with the swift expansion of government-sponsored research spurred on by the “war on cancer,” and as the universities and Wall Street simultaneously discovered a bonanza in the life sciences, there was an explosion in medical understanding, and the low-hanging fruit were quickly plucked. Merck’s labs launched the first or second significant drugs for cholesterol, hypertension, osteoporosis, and asthma, as well as a class of pain medications known as COX-2 inhibitors. At Merck as elsewhere, scientists burned to do pathbreaking work on new medical frontiers, but increasingly, in management suites and boardrooms across the industry, the consequences of success yielded a conservative strategic consensus: move cautiously rather than struggle to produce breakthroughs; settle for modest “quick-to-market” improvements where treatments already exist, and where the resulting products can be aggressively marketed to doctors and people with chronic diseases.

Gradualism held zero appeal for Boger. “Now, I don’t think there’s anything wrong with bringing an incremental advance to the marketplace; you’re not a bad person,” he says. “It’s just I don’t want to do that; life’s too short.” Biotechnology companies by now had joined the competition. A few top university professors or government scientists with a tantalizing idea could raise tens of millions of dollars, go out and test it, then go public—public—when all they had to sell to investors was a theory and the only certainty in their business model was years and years of progressively more unprofitable darkness. Wall Street blew hot and cold, periodically falling hard for their stories of genetic breakthroughs and miracle cures before returning to its senses. Merck, recognizing Boger’s talents (if not buying into his ideas about building better drugs by applying advances from the biotech, software, and computer graphics industries), encouraged him to do his experiment, letting him piece together a team in immunology. But he quickly felt thwarted, impatient. Pent-up.

His frustrations crystallized in the late 1980s, as many things did across the medical world, with the AIDS crisis. Drugmakers at first ignored the epidemic, seeing a small market. Off-the-shelf compounds were ineffective and toxic. When Merck entered the arena, many doctors, public health officials, and even some activists felt that the cavalry had arrived. Boger’s closest scientific friend in the company, a brilliant and brash young biologist named Irving Sigal, led Merck’s project, and Boger cleared the decks in his group to help. CEO Roy Vagelos announced he was “damn optimistic” about Merck’s chances. In late 1988, returning from a meeting in Europe, Sigel was killed when Pan Am Flight 103, carrying 259 people and a terrorist organization’s bomb in a cargo container, exploded in a fireball over Lockerbie, Scotland. He was thirty-five. Merck scrambled to recover from its loss.

Within a month, Boger was gone.
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So I was there when Vertex set out in its garage to overtake the “bigs.” And what I saw were staggering contrasts. The major pharmaceutical companies were lumbering along; mightily equipped, cash-rich, charging higher and higher prices while bringing out fewer and fewer important new drugs, their reputation for putting profit before patients replayed and reinforced in the AIDS epidemic. It was fifteen years into the war on cancer, and cancer was winning in a rout. The biotechs had yet to pay out, and Wall Street was skittish about their high failure rate and the chronic risk and volatility of an industry where horizons were measured in decades. It was into this environment that Boger led his young company.

Now leap ahead to early 2011: the grinding recovery from the worst financial crisis in eighty years, the raging political storm over Obamacare, a drumbeat of lurid press reports about the drug business, revealing an industry in crisis and under siege. Vertex, after twenty-two years and $3.6 billion in losses, was about to launch its first drug under its own name, a major breakthrough against the leading cause of advanced liver disease. It had a second drug nearing regulatory approval that promised to revolutionize the treatment of the most common inherited fatal disease in the United States and Europe. Just as the world around it was shuddering, Vertex was poised to soar. What better vantage point for witnessing the mounting collision of medicine, money, and society?

I went back inside Vertex to learn what it takes—to succeed in science and business, yes, but also in fleshing out and struggling to achieve a radical vision of a better future. Could a group of very bright, very determined people make a difference in a market dominated by profits and Wall Street? Could true believers in the idea that the purpose of pharmaceutical research is to put patients first and transform the lives of sick people compete in an industry where it was far preferable to develop, say, a marginally better fifth statin compound for high cholesterol and market the hell out of it, as Pfizer had done with the bestselling drug of all time, Lipitor? Or bury a $500 million sweetheart reimbursement in the Fiscal Cliff deal, as Amgen did with its army of seventy-seven lobbyists? Or pay a generic company $42 million not to market a cheaper version of your drug, so you can keep selling it at ten times the cost to consumers, as in a recent restraint-of-trade case before the Supreme Court? Could Vertex still be Vertex in our genomic age, when understanding which drugs to prescribe will depend on an ever-deepening biological profiling of individual patients?

What was I seeking? Hope, really. The $325 billion prescription drug business is America’s most challenging and one of its most profitable. It’s tougher and riskier at nearly every stage than any other business. Yawning biological uncertainties haunt every experiment; the failure rate even after a candidate clears all the myriad hurdles to reach human testing is 30 to 1; the cost of ramping up a successful product typically exceeds $1 billion. Drugmakers operate in the world’s most regulated commercial environment, matched only by nuclear power. Small companies face an extra test. Dependent on Wall Street for financing, they must navigate a myopic trading culture that disdains and crowds out long-term thinking and investment. All progress in the pharmaceutical business is backbreaking, freighted with unknowns, takes twice as long as you think it will, and is liable to “blow at any seam,” as Tom Wolfe wrote about the endless ineffable peril of staking it all on a lofty high-risk mission.

Mostly I wanted to see what it had taken to prevail against such harrowing obstacles: What had Boger’s vision become, and did it represent a true way ahead in our boundlessly promising and still barely comprehended new biological epoch? After he’d resigned from Merck—alone, without first taking anyone with him, and without any assurance that anyone would follow—Boger went home and sketched his goals on a whiteboard: “Make better drugs, faster. Create the 21st century biopharmaceutical company. Become Merck, only better.” It was almost a haiku. He thought it would take him twenty years and $1 billion. Now, just two years late, at nearly four times the cost, Vertex verged on proving all that he had set out to do.

“One of the most common questions I’ve gotten lately is, ‘Gee, did you ever imagine this would occur?’ ” he told Vertex’s sales troops that spring. It was a few days after Osama bin Laden was killed in Pakistan after a decade-long manhunt, and the company was counting down to launch, primed to go one-on-one against Merck for the richest commercial opportunity in pharma. “My completely unsatisfying answer is, ‘Yes, absolutely.’ Now, that comes across to some people as fairly arrogant, and to that I say arrogance is only a problem if it doesn’t turn out to be true. If it turns out to be true, it’s just persistence.”

I’d discovered at Vertex that biomedical research emits a high emotional heat. It may be tempting to think that the competitive commitment in other disruptive tech industries is similar but the comparison is slender. In Silicon Valley, you’re trying to make a better product, not cure cystic fibrosis or Parkinson’s disease. Here the difference between success and failure can be the difference between life and death. Vertex was about to debut not only the first drugs discovered and developed by its own people and commercialized under its own label. It was about to debut itself, an organization of nearly two thousand people sculpted as much by the changing health care economy and the gyrations of its industry over the past two decades as by Boger and the others who joined him. They had had notable early success in the crucible of that new biomedical order—AIDS—but that victory had been pyrrhic because, while it had produced a drug, Vertex hadn’t fully emerged along with it. Now the company would correct that disparity.

Boger was right about arrogance. We may not like it in our faces, but it’s a problem only when it doesn’t turn out to be true.



PART 1



Feeding the Beast



CHAPTER 1




APRIL 28, 1993

Boston’s World Trade Center, unlike New York’s, was not a beacon of wealth and power but a refitted waterfront mercantile mart. It squatted on a pier above the city’s famously ruined harbor, offering a postcard view of downtown. Boger, age forty-two, stepped onto the podium before 250 worried executives at the annual meeting of the Massachusetts Biotechnology Council, a statewide trade group. In four years, his “highly unlikely start-up” had grown to 110 people sprawling among a warren of reconverted lab buildings near MIT—a public company with $50 million in the bank—and its reputation as a leader in structure-based drug design was supported chiefly by a string of impressive publications. The company had competitive research projects in multiple disease areas. Even those who’d thought its long-term goals delusional had to concede its short-term progress.

Across the drug industry, the mood was black. In February, a month after Bill Clinton took office, he announced that his wife, Hillary, would oversee national health care reform, and at an appearance together at a Virginia medical clinic the president denounced “shockingly” high drug prices. He cited figures showing the industry spent more on marketing than on research, demanded that drugmakers change their ways, and suggested that he would propose price controls if they didn’t. As one analyst put it, Clinton had decided to “go to war” with the pharmaceutical companies—rich targets in the struggle against spiraling health costs. A few days later a congressional study criticized drugmakers’ “excess profits.” In the two months since, all drug stocks, big and small, had lost one-third of their value.

“I expect to see frogs raining down from the sky sometime soon,” Boger said. He was six foot five, rangy, all angles, with a broad forehead capped by thinning stick-straight brown hair. Tinted aviator glasses did nothing to dim an enveloping gaze and generally ecstatic grin. His cadences echoed a small-town North Carolina boyhood where from a young age he found himself explaining things to his unaccountably obtuse elders. Invited to discuss the industry perspective, Boger (pronounced with a hard g) forecast a reckoning. Only the smartest, fleetest, most adaptable companies—companies such as Vertex that were burning tens, hundreds of millions of dollars chasing a broad portfolio of breakthrough drugs for serious diseases—would compete successfully in the new period, he said. Why? “Because we’re more motivated, and the fear of death and God is closer to us.” Chortling, Boger concluded with a bit of light heresy, a slide of a New Yorker cartoon showing an executive telling a lab-coated scientist sketching at a whiteboard, “I like it. Find a disease for it.”

Strictly speaking, Vertex wasn’t a biotechnology company: it wasn’t trying to engineer new products by manipulating genes, so-called biologics. It aspired to make small-molecule drugs—“little pills in bottles with cotton on top,” as Boger put it—the time-honored staple of traditional pharmaceutical discovery and development. But with the prospect of launching its own products still many years off, and by no means certain, and with it burning prodigiously through capital, Vertex was a biotech by default. Boger often joked that he didn’t know it was a biotech company until Kidder Peabody, the investment bank that took it public, told him it was.

Despite the dire mood, he had earned his cheerful attitude, mostly through backbreaking pursuit, although luck and charisma helped. He had proved he could sell Vertex’s story no matter how distressed the market was. Two weeks earlier, Vertex had announced a $20 million deal with Kissei Pharmaceutical Co., the fastest-growing Japanese drug company, to develop AIDS medicines in the Far East. Entrepreneurs forever hustle for capital, but Kissei, an improbable suitor, had initiated the contact months earlier, coming to Boger as if off a cloud. He and Richard Aldrich, Vertex’s chief business officer, had been shopping other projects on one of their twice-yearly “death marches” through dozens of executive suites in east Asia in late January. The Japanese had yet even to acknowledge that AIDS existed in their country, so severe was the stigma. Yet Vertex’s business liaison urged them to visit Kissei in Matsumoto City, on a misty high-mountain plateau six hours from Tokyo. “Long ride. Switching trains,” Aldrich recalls. “We didn’t know them. We were resistant. But he said, ‘No, they really want to meet you, this could be worthwhile.’ I remember we were in the car driving between labs. One of the Kissei guys turned around—Josh and I were in the backseat—and he says to Josh, ‘Dr. Boger, at Kissei you are a god.’ And, of course, Josh immediately liked Kissei. Within forty-five minutes of arriving there, we went into a side room with the senior guys and started talking money on the deal.”

Such good fortune and adulation might have gone to Boger’s head if not for the unending pressure, in the face of minimal resources, to get as many projects off the ground and find partners for them as soon as possible—an endeavor that, like drug discovery, resulted in failure more than 90 percent of the time. Right now AIDS and the virus that caused it, HIV, gave the company its best hope for getting a drug to doctors and patients.

Following Boger’s speech to the executives, senior scientist Mark Murcko delivered a spirited recap of Vertex’s design strategies for a new class of direct-acting antiviral drugs—HIV protease inhibitors—that the company was relying on to catapult it into the ranks of the world’s elite drugmakers. Murcko, thirty-three, was the last of a half dozen major Merck defectors to join Vertex and the one Boger had fought hardest to get, platooning the scientists to call him every other night for three months until he agreed to move. More and more, he’d become Boger’s technological seer, sidekick, everyman, and commentator: a stocky, precocious, deep-voiced, aside-tossing Sancho Panza. At first Boger refused to go into AIDS, but Murcko and a few others changed his mind.

Murcko peppered his slide presentation of elegant computer-generated three-dimensional molecular models with striking new data and throwaway gibes at traditional discovery methods. He told the audience about a drug hunt of rare effectiveness and speed. Proteases are enzymes that cleave other sections of protein: in the case of HIV, enabling it to multiply. Theoretically, if a small molecule could latch onto the active site, it would block replication. HIV protease offered a promising drug target and Merck and several other companies had compounds in the clinic, although none had yet shown that their molecules were effective in patients. More to the point, the target site was only Vertex’s second project; the first had crashed spectacularly when the mechanism for which it was churning out compounds proved to be biologically irrelevant. Merck was spending more on HIV than on any other research effort in its history, throwing hundreds of chemists at the project. Vertex, Murcko said, had just five.

Vertex needed to speed up the process of getting its own compounds to patients, something it had never done before and that would not be possible at this stage without another partner. What the company had was Boger, hubris, and a passionate group of mostly ex-Merck researchers as determined as he was to “do it right”—“Merck’s first team making drugs for the hardest diseases with computers,” as Aldrich liked to tell potential partners and investors. Structure-based drug design is premised on having a reliable 3-D computer model of the target molecule in the body, so as to be able to visualize the inmost workings of living matter. Vertex had industrialized its processes for isolating and purifying proteins to the point where it could reliably solve complex structures showing how different prospective drug molecules bound to the business end of a target. Murcko’s group digitally modeled new atomic interactions and suggested improvements based on predicted changes in activity. This “feedback loop,” he told the audience, enabled Vertex’s small group of chemists to make much more informed choices than Merck’s legions about what molecules to make next.

Not everyone was sold. After lunch, the keynote speaker, Dr. Edward Scolnick, president of Merck laboratories, unfurled himself from a too-small chair on the dais and rose to deliver a talk entitled “Molecular Approaches to Drug Design.” Murcko, sitting just to his right, smiled, amused. Scolnick was notably hard charging. He had driven the billion-dollar drug Mevacor, the first of the cholesterol-reducing statins, to market, devoting a significant portion of his toxicology budget to overcoming concerns about statin toxicity. Merck’s findings convinced the US Food and Drug Administration that what seemed to be cancerous changes in animals weren’t really cancers and that a resumption of human testing of statins, after a three-year moratorium, was warranted. Now he was driving Merck’s AIDS effort. Though the structure of HIV protease had initially been solved at Merck—by yet another of those who would soon grow frustrated and follow Boger to Vertex—Scolnick considered the information it generated just moderately useful for drug discovery.

“I gave you that title,” Scolnick said, “but that’s not what I’m going to talk about.” He spoke instead about the industry’s R&D mission and its impact on prices: “what we do compared with what we charge.” Merck CEO Dr. Roy Vagelos had frozen some prices as early as 1990, and the company was urging the industry to adopt voluntary controls in an effort to stave off federal regulation under the Clintons. Scolnick touted the industry’s case for not controlling high prices: namely, that for fifty years, since the introduction of penicillin and cortisone, both of which Merck played a key role in developing, America’s drug companies had produced incomparable value for patients, doctors, society, and shareholders. Their products were thus worth the cost. He finished with a staunch and—given the audience—surprising defense of Proscar, Merck’s new drug for shrinking prostates.

With Merck’s market capitalization off a staggering $20 billion in the past year due in no small part to Proscar’s disappointing launch, Boger thought that Scolnick’s road show–style talk indicated how far even the industry’s titans had been driven to stoop. Scolnick had enthusiastically backed Boger’s efforts at Merck and was put out by his departure, once asking a reporter, “Does Vertex have one single project that wasn’t first formulated here at Merck?” even though Merck itself never challenged Boger on intellectual property. Early defectors to Vertex were given up to a month to leave—and perhaps reconsider—but by the time Murcko left, he at first was told to get out in four days.

Boger called Scolnick’s talk “bizarre” and then beamed a few days later when he received a handwritten note of congratulations from Scolnick: “Dear Josh, It was good to see you again. Clearly your group is thriving, and the talk by Mark was excellent. I look forward to great things from your group.” However much he rebelled against Merck’s organization, the ideal of Merck still fired Boger’s imagination, and he wasn’t above gloating when its senior people had to give Vertex its due.
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With targets king, the one thing Vertex needed more than anything else were 3-D models of the protein receptors for its medicines. Drugs are molecules. Once they enter the body, they attach at critical junctures in the pathway of a disease, by finding affinities within the folds of the working units in and among cells and binding to them chemically in a way that alters their activity. Since the 1940s, nearly all small-molecule drugs had been discovered serendipitously (brutishly) by screening large libraries of compounds against presumed biological targets and searching for “hits” based on properties such as shape, electrical charge, and either a fondness for, or revulsion toward, water—properties medicinal chemists then tried to tweak through modification. “Monkeys with typewriters,” Boger called this approach.

The revolution he intended to lead at Vertex, structure-based design, called for overthrowing this method by vastly increasing the value of precise atom-by-atom information in the hunt for new leads. The most common analogy is a lock and key; know the minute inner contours of a lock and you can design complementary features to trigger it. Proteases, however, are large, heavily folded active molecules that work like scissors, with a savage tendency to chew up everything around them. The kinds of small molecules that best inhibit them—gumming up the blades, as it were—mimic short chains of amino acids called peptides. But peptide-like compounds get chewed up by digestive enzymes in the gut, making them unusable in orally taken drugs. A lot of people in the industry thought it was impossible to block all but the scarcest proteases.

From the day Vertex opened its labs, the challenge of producing large enough quantities of ultrapure, active protein to supply the rest of the fast-expanding company fell to a dauntless Australian biophysical chemist named John Thomson. On its ill-fated first project, Thomson had slaved to provide the enzyme that enabled Vertex, from a standing start and many months behind the leaders, to solve its structure in a dead heat with a group at Harvard and ahead of Merck’s. He worked hours at a time in a 40-degree cold-room wearing only jeans, running shoes, and a T-shirt. The more difficult the isolation and purification of a target, the longer and harder Thomson went at it. Once, because he’d stuck his neck out, he remained at the bench for eight days straight, isolating protein from calf thymus, on his swollen feet past dawn night after night, washing his own glassware for hours, his hands raw and eyes burning from solvents until he blanked out, sitting upright, Ray-Bans perched on his nose, on a bench in the lunchroom. He went home only to shower.

“One of our chief goals for the next year,” Aldrich had said, “is to keep John alive.” Proud, hard work—doing whatever it took—was Thomson’s key to everything and he exalted the purity of protein science. The wonder of biology is how chains of inert atoms receive, via other inert atoms, the operating instructions for how and when to fold precisely into bits of living matter, then interact with other bits to produce life. Every cell is an infinitesimal cosmos, a vast automated forge where proteins are made and interact, performing thousands of precise chemical operations, billions of times per second. Throughout the life sciences demonstrating biological activity is paramount and scientists prize above all else scarce reagents that they can use to mount further experiments. On the day Thomson delivered his first batch of active protein to the biophysicist who would try to solve its structure, Murcko, who shared his extreme commitment to structure-based discovery and his blue-collar work ethic, coined a new measurement: the Thomson Unit, 100 milligrams of ultrapure enzyme.

With the AIDS virus the problem was the production method. If native enzyme can’t be isolated from tissue, scientists turn to recombining DNA, putting microbes to work as infinitesimal automated “printers.” Genes that carry the instructions to make specific functional molecules are inserted into bacteria and as the microbes reproduce they churn out mature protein, which can be harvested. Not HIV protease. “The more you make the bugs make it,” Thomson says, “the more noxious it is to the bug. If you ask a cell to make too many scissors, it punctures itself or makes itself sick.” He continues:

So you’ve got to find a trick. One of the tricks—relatively new at the time—is to get the bugs to make and make and make the stuff with not very high fidelity, so that it doesn’t fold properly and falls into the garbage dump of the cell. It’s inactive material. You have to then be able to take the inactive material and do something with it to refold it. So you basically brew it up in a harsh solvent—what you call a denaturant—and then you take the denaturant away, so that somehow the thing folds into a nice happy state.

I said, “I don’t want to see anyone trying to make this native protein anymore. I want to make it on an industrial scale and rely on ourselves to chemically process it later into an active form.” And it worked. It enabled us to jump from making a few milligrams, enough for a handful of crystallization experiments at a time, to batches that took us through a whole program.

A few weeks after the Boston biotech meeting, Boger sat impatiently across from Murcko, Thomson, and several others in a windowless conference room, at an urgent session of the HIV project council. The councils were an innovation of his. He wanted scientists from different disciplines exchanging ideas and sharing what they knew, and he thought the best way to organize them was to give them the power to organize and direct themselves.

The room was scarcely bigger than the narrow conference table, a dozen chairs, and a credenza, above which hung seasonal photos of Mount Fuji, a gift from Kissei. Crystallographer Eunice Kim presented a new structure of a strikingly potent inhibitor wedged deep inside a folded protein. She had determined the architecture, essentially, by taking Thomson’s enzyme, coaxing it to crystallize, firing X-ray beams at the crystals, then reverse-engineering a set of atomic blueprints from the resulting patterns when the beams bounced off the lattice and diffracted on a screen. For months, as the chemists made better and better molecules, Kim had been reducing her turnaround times for presenting them with detailed images of how the compounds bound with the active site of the protease. This latest, VX-328, had taken her five days.

“What took you so long?” Boger asked.

“Where’s 330?” Vicki Sato joked, as if Kim’s accelerating pace might already have caused her to lap herself. Sato was chief of research, accountable for moving compounds from the lab into clinical development. She was referring to a molecule submitted in the last couple of days that was five times less potent than VX-328 but that had looked superior in its ability to survive the gut and remain intact in the blood. It was the ever-lethal difficulty of lasting in the body long enough to get to the virus and deactivate it that doomed nearly all protease blockers, and features to improve VX-330’s bioavailability had been deliberately engineered into the molecule based on Kim’s structures. The design team knew it was sacrificing a little potency in exchange for better properties. The compound differed from an earlier one by adding a single nitrogen atom within a binding pocket measured in billionths of meters.

Six compounds in all were still in contention as the council now set about choosing which one to scale up for human testing—a hugely complex and expensive process requiring quantum jumps of activity at every level of the company. Boger had been pressuring the scientists for months to choose a candidate, but the lead chemist, Roger Tung, resisted him, importuning for more time and data. In June Tung would lead a Vertex contingent to the massive annual AIDS conference in Berlin to disclose the company’s work publicly. He wanted to tell a fuller story.

“I’m all for stalking horses,” Boger interrupted, “but when the real horse is ready, I don’t want to keep him in the paddock because the stalking horse is at the last turn and we want to let him finish so that he doesn’t feel bad. I want to go out and shoot him.”

To Boger, there was just one issue: getting the FDA to approve the testing of Vertex’s compounds in humans before Merck announced its first clinical results. Boger believed Vertex had the better drug: smaller, easier to synthesize, more likely to get into the brain, where the AIDS virus can hide. But if Merck’s medicine was highly effective, even in a few patients, all bets were off. The world was desperate for better treatments for AIDS. Other companies—notably Abbott Laboratories, Hoffman–La Roche, Searle/Monsanto, and another structure-based start-up, Agouron Pharmaceuticals—were starting trials with protease blockers. But no one dominated competitive markets better than Merck, and Boger dismissed the others.

“Throw a dart,” Sato said.

The council, after arguing for just a few minutes, picked VX-330. Boger wasted no time. Dispatching most of the scientists with a hail of laughter, he huddled with Sato and a few senior people on the next set of experiments: toxicological studies, animal studies, multidrug studies with other compounds, one-on-one comparison studies, formulation studies to determine how to get the drug into a pill or capsule, blood assays, ultrapure large-scale preparations of the molecule. By Boger’s timelines, the molecule had to be available for human experimentation in AIDS patients by the end of the year or during the first quarter of 1994. An immense amount had to be known before then.

Thirteen years into the epidemic, the crisis had only spread and worsened, and hopes for a cure seemed ever further away. At the meeting in Berlin, thousands of grim public health officials, doctors, nurses, academic researchers, patient advocates, and journalists heard a drumbeat of reports about alarming infection rates, especially in Africa. The outlook in vaccine research was dismal. Despite its cautiously rising expectations for protease inhibitors, the drug industry’s involvement so far had been suspect, and the most recent studies with experimental drug therapies confirmed the view that the industry was failing to make even incremental progress in fighting the virus.

A new European study, the most conclusive to date, showed that the standard drug AZT, which had raised the first real hope that targeted, effective anti-HIV drugs could be found and developed, did nothing to prolong life for symptomless infected people. They experienced an initial delay before developing the skin cancer and pneumonia that would kill them, but they suffered and died at the same rate as those who didn’t receive the drug. HIV is an RNA virus that uses an enzyme called reverse transcriptase to make DNA copies of itself. Because AZT partially blocks the enzyme, it was widely hoped that adding a second reverse transcriptase inhibitor would boost effectiveness. But in the first American study to evaluate the impact of combining AZT with such follow-ons, not one patient showed improvement.

“Only an eternal optimist,” the New York Times reported in the first sentence of a long article that neglected even to mention protease inhibitors, “would have left the ninth international AIDS conference here last week believing that new drugs will be available anytime soon.”



CHAPTER 2




AUGUST 22, 1993

Debra Peattie, leader of the company’s molecular biology group, approached Thomson and Sato about launching a project in hepatitis C, another recent viral contagion where the scale of the medical problem was just becoming clear, and the existing therapies were not good. Unlike AIDS, the epidemic was stealthy, slow moving, and indolent, with symptoms taking decades to show up in most infected patients. The disease was known only since the 1960s, initially as a reaction to blood transfusions, and previously named—“in a less than brilliant foray into nomenclature,” its codiscoverer said—non-A, non-B hepatitis. Only now, more than two decades later, was it becoming a recognized public health threat.

Hepatitis C puzzled virologists, baffled doctors, and had no vocal constituency among sufferers, the vast majority of whom didn’t know they had it. Three years earlier, scientists at the biotech company Chiron Corporation identified the virus that caused it, making a blood test available, and ever since then doctors were discovering more and more people who were infected but had no symptoms. At the same time, nearly 40 percent of carriers reported that they never used intravenous drugs, never received a transfusion, and had no evident reason for contracting the infection by blood-to-blood contact. The scale of the contagion was unknown and, it seemed, given these mysterious discrepancies, perhaps unknowable.

Sato and Thomson were intrigued. The target was another viral protease. It was a serious unmet medical problem, a wide-open opportunity. Liking the feel of it, they sensed its tractability. But Vertex couldn’t initiate a program by itself; there was simply too little published about the virus, and the company, despite its success with HIV, had no virology group of its own. Peattie, scouring the literature, learned that three labs, all roughly equivalent in their abilities, had begun to map the virus, charting the structure and function of its various domains, and were well ahead of the rest of the world. Two of them already had collaborations, with Merck and Hoffman–La Roche. The third was run by an unattached academic, Assistant Professor Charles Rice of Washington University School of Medicine in Saint Louis.

Peattie flew to Saint Louis in late August. She was pregnant with her first child. Having become enthralled at Vertex with the business of research—“the ability to construct negotiations around science”—she recently had been accepted at Harvard Business School, and she anticipated that Rice, like many academics, might be less than enthusiastic about collaborating with a small, unprofitable partner. On the other hand, she knew he had few other options. The hepatitis C virus, HCV, wasn’t fashionable like HIV. Universities and federal funding agencies avoided parceling grants to researchers in innovative disease areas.

Most academic researchers fall into their fields of interest, or are attracted to them via some mixture of challenge and circumstance, but Rice was called to hepatitis C. He had been the country’s leading expert in yellow fever when an FDA scientist phoned to ask if he could help develop a vaccine against HCV. Because both viruses are so-called flaviviruses—flavus means “yellow” in Latin—the caller hoped Rice would find structural similarities. Digging into the biology, Rice’s lab determined that HCV started as a larger precursor, a polyprotein, and cleaved itself into at least ten smaller subunits. He and his group identified the protease, found that its optimal activity depended on binding to a small viral protein, and reasoned that since it cleaves at multiple sites, the virus couldn’t survive if the protease was blocked. They also predicted other possible drug targets.

Rice was stalled. He couldn’t expand his research without funding, and he was finding scant support among the usual sources. “You bootstrap your way along when you want to start something new,” he says. “After we’d done quite a bit of work on this on the fly, we applied for a pilot internal grant at Wash U. We got the reviews back, and they said, ‘Well, you know this is really important, and you guys have made great progress. But you’re really far enough along to write an RO-1 on this [apply for a US National Institutes of Health research grant], so no money for you.’ ”

Peattie and Rice sketched out a collaboration to determine the structure of the protease, quickly submitted it to their respective licensing teams, and by October the agreement was signed and experiments were being discussed. As Peattie moved to the business side before giving birth to her son, Thomson assumed the lead role on the project. He had recently developed an industry-beating production method for a second protease, ICE—interleukin-1 beta-converting enzyme—a promising target for fighting inflammation. His team’s work had enabled Vertex to negotiate a highly favorable licensing deal to develop ICE inhibitors for patients with rheumatoid arthritis and other autoimmune diseases despite having no drug leads of its own. “All we had,” Sato recalls, “was another of John’s pull-a-rabbit-out-of-a-hat things.” To celebrate his and Vertex’s achievements, Thomson had just bought himself a terrifyingly sleek naked-frame motorcycle, a Ducati Monster—a “rocket,” he called it—and he was ripe to plunge in and go hard against a worthy problem. “All three labs were bogged down, saying, ‘We think the protein is like this, but we don’t know how to make it or get it active out of the cells,’ ” he recalls.

“So it’s a protein biochemistry problem for a protease specialist hot off HIV and ICE. It was right up my alley. Also we were identifying the attractive opportunity of getting the program kick-started in a collaborative mode with Charlie Rice, and the obvious opportunity for us was to say, ‘We can help you move this along and discuss how to get active material.’ So I was the sensible person to brainstorm with Charlie on what to do. Charlie wanted to see his fine work stimulate discovery of drugs. He gave us intellectually a kick start into the field. We gave him some money. He gave us some reagents to get started. And that was the start of it.”
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For every development deal they did, Boger and Aldrich talked with twenty to twenty-five potential partners—“kissing a lot of toads,” Sato called it. With HIV, their prospects were limited on the one hand by the small number of companies that knew how to make antiviral drugs and, on the other, by the emerging glut of labs racing to develop protease blockers and numerous other types of treatments. Nestled in the company’s sweet spot was Burroughs Wellcome, which sold the AIDS drug AZT.

The British-owned firm had come of age scientifically by creating the first antiviral drugs. Building upon in-house Nobel Prize–winning discoveries about how nucleic acids, the stuff of DNA, are synthesized, it led the way in developing so-called nucleoside analogs: “nucs.” These are small molecules that mimic the structure of the building blocks of genes; as a retrovirus tries to make more of itself by assembling bits of genetic material inside a cell, nucs insert themselves, breaking the chain and preventing the virus from replicating. AZT is a nuc and, as is typical of such chain terminators, many of which are used to battle cancers, broadly toxic, especially to blood cells, disrupting the structures that energize them to grow and reproduce. And yet because it was the only drug available, doctors prescribed it at high doses to desperate patients. Though resistance developed quickly, and many patients suffered life-threatening anemia and infections, Burroughs was reaping $500 million a year in sales. Determined to defend its franchise, it had become captivated by its own success, insisting that nucs would remain the backbone of any future treatment for AIDS.

“Somebody [at Burroughs] made the error of saying that proteases weren’t very important, so they had been very late to the research party there, where everybody else had jumped on it,” Boger recalls. “As opposed to, say, Abbott or Merck or even Lilly, they were very late realizing that the protease was going to be the mechanism that in HIV would be most effective. They also had some people saying that it was not going to be possible, you can’t make drugs against proteases. Of course they were nucleotide guys.”

As Vertex cranked up its preclinical experiments in the wake of the Kissei agreement, it approached Burroughs Wellcome with a novel proposal. A key goal at this stage was determining what a human body would do to a small molecule once an individual swallowed it, a science known as pharmacokinetics, or PK. It didn’t matter how potent or specific a laboratory compound was if it wasn’t still around in high enough concentrations, hours later, to be taken up by living cells in the body of a sick person. Vertex offered Burroughs, at no cost, 10 grams of a successor molecule to 330—VX-478—so that Burroughs’s pharmacologists could feed it to ferrets, dogs, monkeys, and other species and see what happened. Boger recalls: “We said, ‘Tell us what you’re going to do. Tell us the protocols. If we say okay, you can do whatever you want with it for thirty days and we get the data. And we can use the data if we don’t do anything with you.’

“They had better PK resources than we did,” he says, “and we wanted to get better information, faster, cheaper, than we could get from the outside. We were pretty sure that this molecule was going to be orally bioavailable but we didn’t have any data that it was. So we gave them 478, and they came back and said. ‘This is really great. This is better than anything we have.’ They had a small protease program, and they said, ‘We’re shutting down our program if we do a deal with you.’ ”

Throughout the fall, Vertex positioned itself to partner in HIV while it also sought to raise its visibility. Several other companies had now shown that blocking HIV protease remained the likeliest hope for stopping the virus from spreading. Merck enthusiastically released early clinical data showing that blood tests from four patients taking its inhibitor showed dramatically reduced levels of virus for several months. In the HIV project council, Boger, Sato, Roger Tung, and a few other scientists plotted strategy for the next major medical meeting, in mid-December in Washington, the First National Conference on Human Retroviruses. It was at such meetings that the business of AIDS, as much as the science, was now conducted.

Vertex so far had refused to release the chemical structure of VX-478, raising doubts outside the company both about how effective and unique it was. Unlike the big players, it didn’t have its own patent lawyers and was relying on outside counsel, who was proceeding slowly. In Washington, all the other companies would promote their molecules even if they reported no new data. Vertex needed to present something to prove it was in the race. Boger suggested a signature solution. Chemist Dave Deininger synthesized the compound and gave it to Eunice Kim, who quickly solved the costructure. At the conference, after Merck’s scientists conceded that they didn’t know how their drug worked specifically at the molecular level, Tung concluded his own talk with a slide showing how Merck’s drug sat in the active site of the protease, in effect answering the question for them.

Boger and Sato reveled in such in-your-face diversions; they were good for morale, good for the dinosaur-slayer story the company was crafting for itself. But Vertex couldn’t maintain its secrecy with Burroughs Wellcome, which, only after seeing how VX-478 bound to the active site of the protease, agreed to collaborate. A few days after the conference, the two companies announced that they would jointly develop HIV protease inhibitors for Europe and North America. The deal, which would eventually bring Vertex $42 million, was in fact worth several times that, as Wellcome agreed to pay the full cost of development—perhaps $200 million—and Vertex won the right to copromote any drug, enabling it to start building a marketing arm. Aldrich negotiated royalties that climbed from the midteens, rare if not unheard-of for a preclinical compound. Vertex’s stock rose $2 on the news, to $17.50.

Boger was pleased with the arrangement. Burroughs was the industry leader in HIV. It also had been the target of damaging protests for charging patients $10,000 for AZT, a compound it licensed from the National Institutes of Health, where the molecule was discovered and developed by government scientists. With multidrug therapy sure to be the future—unless one of the protease inhibitors was so superior that it could vanquish HIV by itself—Boger looked forward to bringing his compound quickly to patients in conjunction with the one indispensable agent in the field, AZT; yet skirting that drug’s heavy political baggage, which in the current grim environment, and with the threat of price controls looming larger now that the Clintons had uncovered their health care plan, guaranteed controversy and, most likely, a media circus. He could easily imagine enraged AIDS activists resuming round-the-clock pickets and returning to the New York Stock Exchange to pour sheep’s blood on investors, chanting “Sell Wellcome!” and “Fuck drug profiteers!”

“I’m glad,” Boger said, “our money comes off the top.”
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Boger and Aldrich agreed that the time to raise money on Wall Street was not when you had to but when you could. One day after the Wellcome deal was announced, Vertex filed a fast-track stock offering that would yield, six weeks later, another $62 million. Though it remained a treacherous period for biotech and drug stocks, the offering built from start to finish, with shares trading at $16 on the day they started their road show in Europe and $18 two weeks later when they ended it in Boston and New York. It would still be years before Vertex might have a drug, but with three deals in 1993, the company was momentarily in the black, declaring a fourth-quarter profit of more than $2 million. It had put $120 million in the bank. Aldrich was promoted to senior vice president, by title and, in fact, the second most valuable person in the company.

Vertex issued hefty stock options to most of the original scientists to keep them from defecting, although with the labs starting to click, and intriguing new targets sprouting across the spectrum of diseases, none of them had any real mind to leave, not soon. Boger deliberately hired people who, like him, craved the chance to compete at the forefront. Yet when the first researchers arrived in Cambridge, they discovered an atmosphere of almost willful anarchy, an antiorganization—“chaos,” says Sato, whose job it became to bring order. For two years, the scientists had no offices, lugging their backpacks and briefcases from one communal desk to another to use the phone. There was little rank or hierarchy; decisions were made by the project councils. During its initial public offering, launched during a speculative bubble, the raw, head-snapping speed and intensity of the chase and the relentless pressure to do important science while cutting corners overwhelmed the principles of an idealistic young crystallographer, who smashed a chair in the lunchroom in a fit, screaming, “You will all be stricken down!” He left the company soon after to attend medical school.

Boger’s “social experiment” was designed to encourage self-selected leaders who not only would do excellent science but also grasped viscerally that the decline of Big Pharma was due less to cluelessness at the bench or fecklessness on the executive floors and in the boardroom than to the immobilizing sludge of middle management in between, which even at Merck had led to project heads prioritizing how many compounds a group made over whether or not they did anything useful. Boger wanted champions, people who would passionately disagree with each other and with him, who in the end would push groups and projects ahead because they had smarter ideas, worked harder, generated more compelling data, and persisted when others would quit.

Mainly through their association with HIV protease, Murcko, Thomson, and Tung emerged from the founding group to become the company’s rising stars. Statistically, most pharmaceutical researchers work their entire careers without helping to produce a drug that makes it all the way to market. That meant that even if Boger was right and Vertex could improve its odds from 1 in 30 to 1 in 10, most Vertex scientists were subject to the same sobering reality, a career-long string of failures where you best found your job satisfaction in something other than success. For most, it became the daunting challenge itself. VX-478 was not a drug, but it looked as if it would be, and those who led in bringing it out of the lab enjoyed a surge in influence, credibility, and prestige.

Each, in his way, spread his wings. A computational chemist and molecular modeler by training, Murcko stood between the structural biologists, who churned out torrents of data about the smushy interdigitation of atoms, and the chemists, who designed and made inhibitors. He considered VX-478 a tipping point, absolute confirmation of Vertex’s superior strategy for discovering major drugs. “For me the bottom line was: five chemists, eighteen months, two hundred six compounds. It all played out according to script. It was the project from central casting.”

Murcko’s intellectual curiosity rivaled Boger’s and he was often, in the project councils and at Friday afternoon beer hour, the first and most effective to challenge him; “Joshua the Indeflectable,” he once mused. Nearly a foot shorter than Boger, he was built like a catcher, mustachioed. Like Boger, he liked to tweak the mighty, and he thought as deeply about the iterations of the discovery process and the interactivity of people and ideas as he did about the forces of atoms. Murcko had come to biochemistry through high-speed computing. On his first day at Vertex, he flew to Boston from Philadelphia rather than waste the time driving and worked that night until three in the morning, hands flying over his keyboard. In the early days, he often “pinned” the company’s supercomputer with his experiments; asked how much computing power he could use to do simulations, he deadpanned, “Infinite.”

Awaiting a crystal structure for ICE, Murcko started transforming his research group into a nascent skunk works, hiring several new people who knew both biology and computer modeling and encouraging them to broaden their thinking about what more was possible. He authorized his scientists to invent new technologies and write their own code if they couldn’t find outside collaborators or buy what they needed. The spark of innovation is asking questions; Murcko questioned everything.

“The software at the time didn’t take into consideration any of the downstream physical properties of drugs,” he recalls. “How soluble is a compound? If it’s not soluble, it can’t get into cells. Could you use computers to predict not just the lock and key—how does the drug bind to the active site—but go a step further, to see how one molecule might be better than another because it has better physical properties? We ran computer simulations on hundreds of associated molecules and asked, ‘If I was just going to change one atom, could I increase its solubility?’ For VX-478, one small change predicted to be at least a hundredfold more soluble turned out to be even better: five hundredfold more soluble.”

In January biophysicist Keith Wilson finished the crystal structure of ICE. It was a big protein for the day, a complicated piece of architecture with two domains, and it would receive much glowing press when it was published in the journal Nature. Murcko and his modelers went to work. Sitting at aging Silicon Graphics workstations in a darkened room, they wore clunky wraparound 3-D glasses. Chugging Diet Coke, unshaven, they resembled cave-dwelling ancestors of the LeVar Burton character in Star Trek: The Next Generation. On the screen, stick diagrams of hundreds of connected atoms in brilliant reds, purples, and blues rotated gently, like hair-thin Tinkertoys, in a fathomless black sea. Within hours, the scientists recognized that although the overall folding was different from other protein structures, “down deep” ICE resembled a familiar type of protease with a similar cleaving mechanism. Fortified by what they trusted was an original conceptual breakthrough, since no one else had the structure, they started pulling hundreds of scaffolds from chemical catalogs and Vertex’s relatively tiny compound library and docking them in the binding pocket. Five weeks later to the day, running round-the-clock simulations, they chose a core for a new class of molecules that, once synthesized, would prove so much more potent than any other inhibitor that it leapt instantly to the lead in the combined drug discovery efforts with Vertex’s European partner.
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Tung took the AIDS compound VX-478 public. As lead inventor on the patent application, he became the face of what Boger called Vertex’s first “real major scientific publicity blitz.” Describing himself as “a sort of first-and-a-half generation, mixed background, American-Japanese and -Chinese,” Tung was thirty-four, deep voiced and serious. His sobering intensity masked a fiery ambition to aim high, discover drugs, and avoid ever becoming subordinate on a project. In his second year at Vertex, toiling for several months on a grueling synthesis, often until midnight, he started to sprout grey hairs, singly at first and then in clusters. After leaving the lab, he and the other chemists drank most nights until they closed the bars in Central Square—a rite at several local start-ups. Unlike Murcko he wasn’t yet entirely sold on the value of structure-based design, though this could also be attributed to a near-universal skepticism of bold claims based on partial data, even when the claims were his. “I live to be proven wrong,” he said.

A year earlier in Berlin, Tung was taken to task for not disclosing the molecule’s chemical structure, and bravura gimmicks like embarrassing Merck at the Washington retroviral conference, while satisfying, only invited more doubts about what Vertex must be concealing. The issue was its patent position. The delay in filing its US application put the company two weeks behind Searle, which had made a molecule with a similar core that appeared to have, like VX-478, exceptional bioavailability.

More to the point, Searle filed a so-called Markush structure. In the 1920s, chemists, to protect their inventions, sought a way to avoid having to patent individually each member of a class of compounds that would have a similar function. Eugene Markush, a dye manufacturer, filed for and won a patent for a class of compounds with a replacement group of atoms at several positions, meaning it covered potentially thousands of molecules. Based on the alluring but false premise that combinations of different groups of substituents around a common core generate molecules that have the same activity and biological properties, Markush structures amount, legally speaking, to hurling kegs of nails off the back of a moving truck.

Boger delayed revealing VX-478’s structure until after the company’s European patent application was made public. Merck, meantime, stumbled. At the retroviral conference in December, attendees had crammed into a presentation in the Washington Sheraton Hotel to hear the company report that patients getting the Merck drug had a 42 percent drop in HIV after just two days of treatment, compared with 1 percent for those on AZT. “We were beside ourselves,” Scolnick would recall. “We thought we had the cure for AIDS.” Then, six weeks later, a molecular biologist examining blood samples from trial participants discovered that the virus had mutated, building resistance to the drug. Another test indicated the virus hadn’t developed resistance. Scolnick called Anthony Fauci, the government’s top AIDS researcher, to get his read. “You’ve got resistance,” Fauci told him. Scolnick protested, bringing up the conflicting data. “I don’t care,” Fauci said.

“You’ve got resistance.”

Boger, Sato, and Tung conferred throughout the spring. Formulation and other problems had slowed the work at Wellcome to a crawl. There were so many treatments being tested in humans that it had become difficult to enroll patients for new trials, and it now looked as if Vertex’s molecule wouldn’t be in the clinic until the end of 1994. Pressured to show their hand, they opted to disclose the chemical structure at the Third International Conference on the Prevention of Infection in Nice, France, in June. The audience seemed skeptical from the outset. Despite hoping for a breakthrough, many were eager to see Vertex come down a notch. The compound was a sulfonamide, one of the class of molecules that were the first antibiotics—the sulfas—and now were also sold as anticonvulsants and diuretics. Novel functional groups extended from a core that shared common features with other protease inhibitors.

Reactions ranged from qualified optimism to mild disappointment. No one felt that Vertex had been blowing smoke, but neither was anyone immediately convinced that VX-478 was all that the company had claimed. There remained major questions: Was it small enough to get inside the brain, something Searle’s compound had not been able to do? What of possible allergic reactions? VX-478 had chemical groups similar to those thought to cause some people to react violently to the antibiotic Bactrim. Carl Dieffenbach, the NIH point man for assessing new AIDS drugs, mused to a reporter, “I’m not sure their patent is as secure as they think it is.”

Boger weighed these questions only to brush them aside, especially the last. As part of its due diligence, Wellcome had satisfied itself that Vertex’s patent claim was clean. Its lawyers had won—and held on to—the rights to AZT through ten years of intense legal strife, providing an intimidating ally. A few months later, during a November conference call with Wall Street analysts, Searle announced it was stopping development of its protease inhibitor. Two clinical trials had showed no indication of antiviral activity, and Searle researchers believed that the compound was soaked up by a blood protein and removed by the liver. Boger was relieved to learn that the problem was unique to Searle’s molecule, and he considered himself fortunate to have the threat of a patent war suddenly diminished.
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Murcko, as usual, thought well beyond the problem at hand. With the genetic material from Charlie Rice, the main scientific challenge was to discover how the hepatitis C protease worked and how to disable it. But Murcko had a secondary question, one more central to Boger’s mission: How do you evaluate new targets without knowing their structures? Could you predict, say, degree of difficulty? When was it wise to invest in new projects and when wasn’t it? “Up to now at Vertex, we said we either want to have a crystal structure available or we want to know that we can get there first,” Murcko says. “But sometimes maybe you wouldn’t be able to get the crystal structure as quickly as you’d like. Maybe if you had a model it could help steer you away from certain projects. Or say this one isn’t going to appear so easy.”

Murcko did the experiment. Having no new positions but recognizing the uncommon gifts of a recent Harvard postdoc named Paul Caron, he hired Caron as a temp. Caron was advanced in thinking about gene sequencing and physical similarities among proteins, which fold into spirals and loops and cascading sheets according to the ordering of the amino acid residues out of which they’re made, following the text encoded in their DNA. In other words, if you had the genetic code for a target you might be able to model its active site prospectively, by mapping it against other known proteins. Sitting at a workstation in the modeling room, with a second PC at his side so he could calculate atomic charges and distances, Caron lined up the structures of the few other viral and mammalian proteases that were available and quickly noted that HCV lacked the usual cleft that caused the binding site to be buried in a pocket. “What we saw was virtually a bowling ball,” he said. “Very smooth. All the big loops that come around and make the channel weren’t there.” The target was going to be far more difficult than anything they’d done before.

One of the company’s advisors, Harvard structural biologist Steven Harrison, categorically dismissed the model, saying it couldn’t be true. Others confessed equal doubts. No one wanted to stop the project, but Murcko and Caron, knowing that the featureless active site presented a steep challenge to design, wanted people to be realistic. “The question at the time, once we had this model, was, ‘Do we continue?’ ” Caron recalls: “It’s going to take a relatively large inhibitor to get enough binding energy, and it’s not going to be an easy thing. We said, ‘This isn’t going to be HIV again. This is going to be a long, hard project.’ ”

Thomson and his protein group also were learning that HCV protease might not be as tractable as the company’s earlier targets. “We knew enough about the polyprotein that gets made by the virus that it was not a dead ringer for HIV,” he says. “It had some funny new funky ways for creating proteins, including this little cofactor that was essential. It was very conspicuous that there were two adjacent regions that interacted with one another very significantly, and then another third piece that was key to the activity of the protease. And it was a puzzle as to what the architecture was going to look like in the end. More particularly, it gave us this chicken-or-the-egg problem of: we couldn’t make the protein, and we didn’t have a reliable assay to test whether we had made protein. That was really the bind that kept everyone on the planet anchored in the early days.”

Throughout 1995, the pressure mounted to solve the structure. Merck, Roche, structure-based rival Agouron, and many others were pouring major resources into the race. Meanwhile, public health officials were reaching the conclusion that many more people were infected with HCV than previously predicted, perhaps twice as many as with HIV. Vertex’s attempts at protein production stalled, cycling blindly in a cul-de-sac; the scientists didn’t know what material they had made and couldn’t test it to determine what to do next. With a reliable assay they could try hundreds of subtle changes in conditions to isolate more protein, but that wasn’t an option. “The Dark Ages,” Thomson called it.

“Everyone along the way had some different cross to bear,” biophysical chemist Ted Fox, who led the lab effort, recalls. “Those project councils were really tough. You got a lot of really energetic people, excited passionate scientists, and you’re getting beaten over the head week after week. I remember at one point, we finally had some active enzyme—doesn’t look good, not very much; maybe we have an assay—and Josh saying, ‘My God. This thing wouldn’t survive if it were this inefficient in the real world. Guys, you’ve got to work harder, or you’ve got to do more.’ ”

It was Thomson again who broke the logjam, though others at Vertex were thinking along the same lines. He asked Rice’s group to calculate the space between two regions by mapping the interceding genes, then asked the chemists to synthesize chains of amino acids that could be whittled, atom by atom, roughly to that same length. The chemists fashioned tiny artificial spanners, ten or twelve residues across, to form the most intimate molecular “embrace.” The exercise worked. “You took your protein from the bacteria that were engineering it, then you mix it with this little synthetic peptide, and bingo, you’ve got active protease,” he says.

As Murcko anticipated, some targets are much harder to isolate and purify than others. Nearly two years after receiving Rice’s clones, Fox’s group delivered the first Thomson Unit of HCV protease to the crystallographers.
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In February 1995, a year later than Boger had predicted to Wall Street, VX-478 was given to eighteen AIDS patients in a Phase I clinical trial, a dosing study of oral availability, pharmacokinetics, and tolerability—not its effect on HIV. Less than three weeks later, US regulators cleared a merger between the Burroughs Wellcome Company and Glaxo, creating the world’s largest prescription drugmaker. During the next fourteen months, Aldrich and Boger’s brother Ken, the company’s lead outside counsel, joined with Glaxo Wellcome’s lawyers to try to convince Searle to come to a reasonable solution over its patent claim.

“Searle had this guy, total jerk, totally irrational about this stuff, but by virtue of that, he ended up being quite effective,” Aldrich recalls. Early in the negotiations, he and Boger flew to Chicago to meet with a group from Searle. Never one to hide his contempt for the practice among drugmakers of aggressively pursuing patent claims for molecules in areas where they already had shut down their own projects, Boger ridiculed Searle’s Markush structure. Searle hadn’t made a sulfonamide and had no experimental data on whether it would work. Aldrich told them Vertex wanted to “work something out and get this important drug to patients.” The discussions dragged on for months afterward, until Glaxo Wellcome’s lawyers also took an unsuccessful stab at it.

In April Boger got a fax from Glaxo Wellcome. “I remember I was on vacation, golfing in Hilton Head, and Josh sent me an email saying we just took a torpedo below the waterline,” Aldrich recalls. “Josh is always very positive about things and always pooh-poohs anyone else’s science or any problem, but this was clearly a problem that shook him up. Searle was a problem for us and Glaxo.”

A delegation from Glaxo Wellcome arrived at Vertex to tell Boger and Aldrich that they were shutting down the VX-478 clinical trials because they couldn’t get the patent cleared. The timing—on the cusp of testing whether the drug worked—could scarcely be worse. “We’re a public company and HIV is our lead program, so we’re looking into the freakin’ abyss,” Aldrich says. “I said, ‘Before we do this, there’s one thing we could try.’ ” Searle’s position made no sense: if Glaxo and Vertex shut down the program, Searle got nothing. Aldrich suggested sending a joint letter offering to pay $25 million and a 5 percent royalty in exchange for the exclusive license to all Searle’s patent applications in the area of HIV protease inhibition, and warning that if they didn’t hear back in a week they would go the New York Times with the story that they were shutting down the trial because of an IP dispute with Searle. “A Hail Mary pass,” Aldrich called the proposal. Searle took the deal.

“We would have been blown up. We were toast. We wouldn’t have been able to raise money. Our stock would have gone from fourteen dollars to two. It was very stressful. It was a very nervous place. People could just see that Josh and I were freaked out. That Friday after we got that yes, I had a few pops.”

The dispute was settled none too soon. Two weeks later, at the 1996 international AIDS conference in Vancouver, British Columbia, a cascade of encouraging reports showed that HIV could be suppressed indefinitely by a combination of antiviral drugs built around protease inhibitors. Three years after the despair in Berlin, combination therapy—drug cocktails—transformed AIDS from a death sentence to a manageable disease. The epidemic peaked in the United States with fifty thousand deaths in 1995. With the first of the drugs—Hoffman–La Roche’s Invirase, Abbott’s Norvir, and Merck’s Crixivan—reaching the market during the previous six months, people who had been planning to die sooner than later suddenly and unexpectedly could see futures for themselves. New York, San Francisco, and other urban centers started to fade as “cities of ghosts.” Other drugs—better absorbed, with fewer side effects—were still desperately needed.

Vertex, its near-death scare with Searle concluded, remained squarely in the race.
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In the labs, the hepatitis C virus continued to pose extreme problems at every stage. A critical challenge in coaxing individual proteins, which are floppy and active, to rigidify and lock themselves into crystals is learning how to subdue them with the right mother liquor. Researchers anthropomorphize enzymes, describing them as “happy” or “perturbed.” Organic molecules prefer certain conditions to others—some dissolve better in water, others in fats. The goal is to induce a kind of nirvana: amniotic fluid laced with heroin. And yet the insertion of the synthetic peptide caused the team to have to grind hard for months, substituting endless experimental conditions, amid rumors that another company had solved the structure of the protease and was rushing it into print.

“It’s a contradiction,” Ted Fox explains. “You want to have your protein in a nice soluble, water-based environment, and then you’ve got these peptides that are happy only in organic solvents. They don’t want to be in water. Different solvents, different buffers. It’s a constant game: Can you feed a little bit of it into the protein? Then again, once you’ve got it inside the protein with the protein wrapped around it, occupying its natural spot, it’s fine. A lot of it is fortuitous.”

During the summer, the company grew its first diffraction-grade crystals of HCV protease—three years and many millions of dollars since Peattie flew to Saint Louis to meet with Rice. The X-ray structure emerged within weeks, and in a frantic push to get it out the door, Murcko, Thomson, Caron, crystallographer J. L. Kim, and numerous others worked around the clock to submit the paper to the journal Cell, which published it in October. To the extreme disappointment of some of them and the disbelief of all, they were not alone. Agouron, which also had a structure of the protease domain in press—though without the cofactor—was claiming a tie, even though its enzyme showed no meaningful activity.

Boger normally avoided public disputes over scientific priority—it was more important to him that information be found and available than who discovered it—but a statement by an Agouron scientist about catching Vertex at the finish line rankled him, and he responded with an incendiary fax. “ ‘First of all,’ I said, ‘This isn’t the finish line. And second of all, your protein is dead,’ ” he recalls. “I was outraged that they were projecting to the gullible scientific press that they had anything. They couldn’t use it for anything. It was inactive.”

Yet if Vertex once again had come from behind and bolted ahead of the competition, it was not at all clear from the crystal structure itself what it had won. Caron’s model proved to be spot-on. The binding pocket of the protease was large, smooth, exposed, and greasy—nothing, apparently, like the cozy nooks of HIV and ICE. As the scientists examined it on their computer screens and started talking among themselves about how hard it would be to design inhibitors to block it, a few preferred metaphors arose: a dinner plate; an aircraft carrier; like trying to land a model airplane on a pizza.

“This protein,” Boger observed drily, “was just not well behaved.”



CHAPTER 3




APRIL 11, 1997

The hepatitis C virus offered other inviting targets: a motor enzyme called a helicase that can unzip spirals of genetic code, and a polymerase, which spools out new strands of DNA. At Schering-Plough Corporation, an industry leader in structural biology, virologist Ann Kwong had done vital work to characterize the helicase. But Kwong was frustrated, quietly seeking another job. She had come to Schering’s New Jersey labs from a postdoc at Memorial Sloan-Kettering Cancer Center, where she’d shown a Thomson-like fortitude working day and night in a windowless cold-room. The company, best known for its blockbuster antihistamine Claritin, sold the first approved drug for hepatitis C, Intron A, a biologic, and it was heavily invested in and publicly committed to using structure-based design against HCV.

Kwong doubted the effort was working and had begun to challenge her bosses in meetings. Now she took the podium to give a plenary lecture on hepatitis C drug discovery at the Tenth International Conference on Antiviral Research in Atlanta. Tung and Thomson, representing Vertex, listened with special interest, then moved swiftly when a couple of members of Kwong’s group mentioned afterward that she was considering offers from other companies. Vertex had so far resisted setting up disease groups because it was organized around protein targets, not illnesses. But Sato was impatient with the pace of discovery in HCV, and the company desperately needed better biology, especially in the realm of antivirals. “Roger and J.T. came over to talk to me and said, ‘Don’t accept. You can’t accept. You’ve got to talk to Vicki,’ ” Kwong recalls. “I’m like, ‘Who is Vicki?’ ”

Kwong took the train up to Boston to give a talk at Vertex. The small lecture hall was packed: standing room only. Afterward, Thomson, Murcko, Tung, and several project leaders took her to lunch. She explained why she was leaving her job. “I wanted to do structure-based drug design, work on a team, but the way it was set up was, once the biochemistry group came in, we weren’t allowed to talk to each other. I mean, forget that,” she recalls. “All the guys were just laughing, falling out of their chairs, dying. They were like, ‘This is exactly why we left pharma.’

“At Schering, when Vertex published the structure of HCV protease, the head of research went completely bananas—the fact that Vertex could do this, and we had this huge team, and we hadn’t done it. At Big Pharma, when you had something like this that was very important, every month or so the VPs would send something down. From the PowerPoints sent up, the PowerPoints would come down, and your direction would be changing, which I think is ridiculous. So I heard Vertex had these project teams, and the people from the different functions ran the projects, and I’m like, ‘Yeah, right.’ But I was really hoping that that was the case. And it was the case.”

Kwong was dazzled, but kept her impressions to herself. The problem of designing an HCV protease inhibitor, from a research standpoint, was that there was no clear path. There was nothing to work with, no reagents. No one could grow the virus. There were no cell-based assays to tell you if your compounds were active. That meant, in managerial terms, no clear metrics, no way to measure progress, which in turn meant that the scientists would need to have time and space to figure out novel approaches—time to fail, over and over. And yet Sato didn’t seem to want to wait for Rice’s group or another academic lab or another company to come up with the tools that Vertex would need to advance drug discovery. She seemed fully committed.

There was no sag in enthusiasm at Vertex about hepatitis C as there was with other less stimulating projects: HCV fired the collective imagination. It was a priority. But at Vertex, speed was the creed, and the project was turning into a costly slog, one that drained money and scientists from other research. With or without middle management, pressure on the team to perform was ratcheting up. Kwong thought piled-up failure was the one true metric of innovation, but coming up empty month after month had strained the organization. Within the terms of Boger’s social experiment, that left it to the team leaders to build their strongest case, preferably with data, although now the company’s purpose and identity seemed also to be on the line.

“We were living quarter to quarter: ‘Should we kill this project? Should we not kill this project?’ ” Sato recalls. “By now, it was several standard deviations outside of the time that Vertex prided itself on taking to get to a drug candidate. Plus, the clock was ticking on the market. So every quarterly planning meeting it was up for killing, because no one was paying the bill yet. Finally, John just gave one of his inimitable presentations on why we can’t give up now: that this was a project that was made for Vertex, and if Vertex can’t solve it, nobody can solve it, and we should all just work harder.”

It was Sato—her scientific credibility, organizational élan, skill at managing tension, and spirited enjoyment of the whirling loop-the-loop of entrepreneurial science—who took the results of Boger’s social experiment and tried to shape them into a successful discovery engine as Vertex added new projects and disciplines. A granddaughter of Japanese immigrants and cerebral only child, Sato grew up in Chicago, came east to study and eventually teach at Harvard, and cut her managerial teeth inheriting a brilliant scientific staff and an empty product pipeline at Biogen. It was perhaps her strongest gift that she could direct Nobel Prize–winning advisors, gunslingers like Thomson and Murcko, and postdocs alike with deftness and poise. It helped, in a world of outsized egos, that she carried herself—back straight, head lifted—like a dancer, and, in fact, found time well into her forties to perform in ballets. HCV, she liked to say, was a “game worth the candle”; the rewards would justify the time, effort and money required.

Sato agreed with Tung and Thomson that Kwong was “really smart” and that Vertex should recruit her to build a virology group. “We didn’t have any positions because we never had any positions,” Sato says. “So I’m thinking, ‘What can I attract her with? What do I have going for me?’ She’s going to need a BL-3 level lab to work in. We don’t have one of those. I don’t know if I can even get a permit to have one of those. Even if I could, it’s going to take me eighteen months to build it. I told her we’d build it. I said, ‘Yeah don’t worry. We want you to come here, we’ll do whatever you need.’ I think my line was, ‘We don’t know anything about this, so we need you to come here and help us. We don’t have a lot of positions, but we’ll figure out a way to help you hire a couple of people.’ ”

Kwong accepted, prompting colleagues at Schering to doubt her judgment. Had she weighed the downside of leaving one of the world’s most profitable drug companies, a commercial and scientific leader in hepatitis C, for a risky future at an untested biotech with a bare-bones program and no clinical apparatus? She told herself, “How can you pass up the opportunity to build your own group?” When she reported her discussion with Sato to one lab mate, she recalls, he lashed back. “He said, ‘Well, how many people did she give you?’ I said, ‘I never asked.’ If she’s committed to executing this, to me it’s stupid to ask her how many people. She’s gonna ask me, right? What I wanted to know was how she thought. How does Vertex work? Do they really want to do it or not? You need to be driven by the need, by the question, not by the you-get-2.5-people-because-you’re-at-this-level.”
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Aldrich shopped the project throughout the winter and spring, talking with nearly every major pharmaceutical company. All of them were gearing up for HCV. He squeezed in a tour of Japan—a death march of last resort—where almost all drugmakers had concluded that because blood supplies were now screened, the epidemic would soon go away by itself. Aldrich explained that four million people in the United States and as many as sixty million worldwide were already infected and that if they lived long enough, all of them would develop serious liver disease and would die of hepatitis C. He found no takers. Vertex’s ever-escalating terms for doing a deal, as he says, “strained the boundaries of reasonableness. Our stance going into these discussions with Roche, Schering, et cetera, was: ‘We’ve got a program. We’ve got the best team. We’re ahead. We’ve got the resources and the money to drive the project ahead by ourselves, but if we could find a great partner, we think that we could enhance the value. Also, any deal we do, we keep fifty percent of US rights.’ We were asking a lot.”

As head of the business side from Vertex’s earliest days, and a veteran of other less successful early-stage biotech firms, Aldrich understood acutely its assets and liabilities. He represented it in a rapidly globalizing world that retained a strong belief that leading-edge science would deliver drugs, and he never felt that Boger’s exuberance about Vertex’s goals was unsupported by the quality of its research. He also knew that if you looked at biotech investments on a rational cash flow basis, they were “ludicrous”—Vertex’s less so, but not appreciably. Aldrich’s ancestors had arrived in Massachusetts in 1630 and remained in New England, mostly in law and banking, ever since. Behind a casual demeanor, he was a disciplined Yankee, a bachelor who worked murderously, hit the gym, ate at a university club, then allowed himself one chilled vodka and a single cigarette before bed. He wasn’t surprised when none of the first-line companies he and his people approached returned any real interest. “What we were asking for was pretty outrageous, since we had nothing, really. We didn’t have a clinical candidate, we just had a research program, and they were gonna be footing the bill for everything, yet we were saying, ‘Yeah, but we want roughly half the economic value.’ ”

Wall Street was in the thrall of the Internet boom. It was anticipated that the Next Big Thing in biotech would be genomics, but the patchwork government consortium to assemble and analyze the entire human genetic code was progressing fitfully, and the revolution in breakthrough drugs that it promised remained far beyond the horizon of all but the most patient investors, a vanishing category. Boger intended to be in the vanguard of that revolution but didn’t know how, so he joined the board of directors of an early DNA sequencing company, Millennium Pharmaceuticals. Since genes encode proteins, he was eager to figure out ways that the coming flood of genetic information could help Vertex better understand its targets and design drugs.

In March Vertex raised $157 million by selling almost 3.5 million shares of new stock at $45.50 per share. “We caught the price just right,” Aldrich recalls. “It spiked up. We were out there. It was an easy offering.” The company also began talking more seriously with Eli Lilly and Company, the Indianapolis drugmaker, about HCV protease. Lilly had nothing in antivirals, but its head of research wanted to get into the area, and Vertex’s protease project seemed like an excellent vehicle. Enthusiasm built rapidly throughout Lilly’s labs.

Aldrich leveraged their excitement by being tough and sticking firm. R&D still carried a lot of weight at drug companies, and he knew that the Lilly scientists were pressuring the business side to make a deal. Vertex’s business development person had resigned, so Aldrich directly handled the “hand-to-hand combat” of getting the agreement worked out. The negotiations were contentious: “a lot of teleconferences with people yelling at each other,” he recalls. Under the terms of the final deal, Vertex received $40 million up front; Lilly agreed to pay all development costs, buy $10 million in Vertex stock, underwrite a hundred-person Vertex sales force, and pay a steep royalty rate. Any drug would carry both companies’ names: Lilly-Vertex.

In other words, on a program that had no drug candidate, and was, at best, many years and hundreds of millions of dollars from the market, Lilly would be paying the full cost of development and launch, while Vertex stood ultimately to get 30 percent to 40 percent of the profits. An anticipated but still unfortunate collateral price was a pool of ill will. “They were paying for everything,” Aldrich recalls. “Their business guys were pissed at us. They just felt like they had been beaten up. I never like to see that in a situation because it’s not good for us, it’s not good for anybody to have people on the other side who feel like, ‘Yeah, we finally rolled over and made the deal, but we didn’t like it.’ ”

In early June, as Kwong left for Cambridge, Schering-Plough published the crystal structure of HCV helicase, beating Vertex, Merck, and the rest of the pack. Ten days later, on the same day the Vertex-Lilly agreement was announced, Schering signed a deal with another small biotech company, Corvas International, to codevelop HCV protease inhibitors.
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Boger forever kept one eye on the horizon, his optimism bottomless. He both dared and enabled others to think beyond their usual ideas and capabilities. He possessed what collaborators said of Apple Computer cofounder and recently returned CEO Steve Jobs, a reality distortion field, a rich talent for convincing himself and other people through a mix of bravado, hyperbole, charisma, marketing, and tenacity that almost anything can be done. Boger brought other people around to his way of thinking not through willfulness and manipulation—staring through others coldly if need be—but by an unshakable faith in himself. “I’ve never made a bad decision,” he liked to say. “I’ve just had bad data.” His exuberance was infectious largely because he seemed to embody the idea that the biggest, hardest problems were the most interesting and that an all-out, information-driven mind-set will not only get you the right solution first but also be more fun.

“Josh didn’t sit around wringing his hands about the fact that one in three hundred ideas you have in pharma gets to the finish line, and the other two hundred ninety-nine crash and burn,” Sato says. “On some level, I think Josh says, ‘That can’t be true. Or if that is true, people don’t deserve to breathe.’ He has an outrageous sense of possibility coupled with a very deep sense of self-confidence about one’s ability to translate that into something that is actually working. And because those were his very strong values, it made it safe for the younger people to think bravely—as long as they delivered. So nothing was too hard for Thomson, as long as you gave Thomson rope, and the reason you gave Thomson rope . . . in the old Peter Drucker sense . . . is that it’s okay to be a diva as long as you get up and sing Tosca center stage at the Met—to rave reviews. Josh made it okay for people to be a little crazed.”

Ann Kwong witnessed Boger’s leadership at her first project meetings, where he routinely posed goals that were impossible to reach by traditional thinking and methods. “But that’s so freeing,” she says. “You know you’re not going to take an incremental approach, because you know it’s not going to work.”

Boger’s tolerance for high risk coupled with audacity drove Vertex again and again to exceed expectations, but Vertex could not go it alone—no small company could. Its corporate partners, swept up by dramatic new forces and focusing on profits and market share, meanwhile struggled to reorganize their R&D organizations to be more productive. Ever since Clinton dropped the threat of price controls midway through his first term, the pharmaceuticals sector had strained to hold its place as the most profitable industry in America. It won its long campaign to advertise directly to consumers on TV. It exploited patent extensions and the yawning opportunities beyond the narrow indications for which its drugs were approved: “off-label marketing.” It pushed the FDA hard to approve “lifestyle drugs” such as Pfizer’s Viagra and Merck’s Propecia—a low-dose version of its prostate pill Proscar, now prescribed to prevent hair loss—then pressured insurers to pay for them. The challenge to Big Pharma as it consolidated more and more was to meld cultures while trying to increase profits: not, as at Vertex, to construct a new model from the ambitions of the founders while running perennially, dangerously in the red.
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