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PREFACE

THIS BOOK was not born from
the brow of any Zeus; rather, it accreted, like an archaeological site,
over a number of years. It began in the early 1980s when Forbes mag-
azine dispatched me to write on cancer research. This was a tangled
subject upon which neither Forbes nor I had much experience; the
stories that resulted, I suspect, confused nearly everyone. Indeed, I was
a scientific neophyte, as one inevitably is in the many specialized and
arcane disciplines of modern science and technology; and yet even with
the extreme complexity of modern science, of cancer research, it is a
mistake, I think, to assume that reasonably intelligent observers—
whether readers or writers—cannot penetrate the broad outlines and
major issues. Even then, when oncogenes were just peaking as a public
phenomenon, it seemed apparent that there was a widening gulf be-
tween the rhetoric of cancer research and the reality. Once one turned
to the business issues, which inevitably meant biotechnology, a similar
problem appeared: in this case, it manifested itself as a disparity be-
tween stock prices and the fundamental commercial potential of most
of these companies.

That was the merest glimmering of the idea that motivated the writ-
ing of this book: that biotechnology, as a “revolution,” has failed. Since
then, a succession of kindly editors has afforded the time and space to
allow this hypothesis to ripen. First, Peter Hall and then Geoffrey Smith
at Financial World encouraged me to do a series of stories on major
pharmaceutical companies, which provided an often-ignored perspec-
tive. And at Oncology Times, Debra Lumpe offered me a monthly col-
umn that gave me the chance to explore more recondite aspects of this
subject, at a level of detail impossible in the financial press. I was, in
hindsight, remarkably lucky: I have had, for the most part, editors who
were not a part of the prevailing tendency toward blind optimism when
it came to technological issues, notably Steve Kindel at Forbes and
Geoff Smith at Financial World.

That, I think, is important. In all the talk that rattles on about science
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writing, little is said about the framework that determines the way
science is treated in the press. There are three prevailing, and self-
reinforcing determinants: simplicity, optimism, and the notion that sci-
entific subjects exist in a non-contextual world. Science and technology
are last bastions of the High Victorian notion of progress; and thus
their role, particularly in biology, is to provide miracles and hope to an
eager public. This is not just the sin of the press. It is a gentle conspiracy
shared by the scientific bureaucracy and self-interested academics and
businessmen—that is, everyone who needs to raise money. This com-
bination of crystallized ideology and the economic motive combine to
create the overheated talk of transformation and revolution—or by the
small but noisy reaction against science and technology, of disaster and
annihilation—that so often accompanies these subjects.

This book attempts to thread a path between these extremes. It
labors to make clear the importance of key distinctions: between the
science—molecular biology—and the technology that it has thrown up;
between long-wave Schumpeterian economic effects and the shorter-
term commercial insurrection; between science performed in academia,
and technology that drives the commercial sphere. Much of the hype,
positive and negative, that has been generated by this highly publicized
industry, I would argue, comes from confusing these distinctions, from
believing that behavior suitable in one world 1s suitable for another.

| have already mentioned a few editors who deserve my thanks. |
should not fail to mention Martha Millard, who began the whole pro-
cess, or Steve Fraser, my editor at Basic Books, who not only quite
literally saved this book but pressed me into creating a sturdier frame-
work to place it in. There are many other individuals, as well, who
aided and abetted these efforts, mostly through reading, commenting,
and arguing over the manuscript; they are, needless to say, in no way
responsible for my opinions: Stelios Papadopoulos, Wayne Fritzsche,
Lenore Freeman, Macy and Toivo Koehler, Walter Gilbert, Chris Miles,
Bob Mecoy. 1 am particularly grateful to Herbert Burkholz, who pro-
vided necessary doses of bracing advice. And, above all, to Camilla,
who was always there.
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INTRODUCTION

The Mythos
of Biotechnology

—I:-IE SHELF ABOVE ME sags
with volumes published over the past decade or so about this phenom-
enon called “biotechnology.” So before proceeding, allow me to sketch
out what this book does not aim to do. Gene Dreams is not a primer
on biotechnology, describing, with all the requisite arrows and dia-
grams, twelve ways to clone a gene or recipes for generating monoclonal
antibodies. It is not a novelistic look at life inside a biological laboratory
or a warning about biological hazards. And it is certainly not a detailed
history in the manner of Horace Freeland Judson’s magisterial work on
molecular biology, The Eighth Day of Creation;' both biotechnology
and I need a bit more seasoning before attempting that. What 1 have
tried to do here is more modest: to begin an exploration of why bio-
technology blossomed so furiously in the early 1980s, why it has taken
on the characteristic form that it has, and where it is going from here.

Many of the themes of this book were motivated by questions that
arose in reporting on one discrete aspect of the biotechnology industry
or another. 1 chose as the central case Genetic Systems, because it
seemed to illuminate more aspects of the industry than any other. Why,
I wondered, did academic biology suddenly begin to disgorge hundreds
of its practitioners to companies in the late 1970s? Why was Wall Street
so ready to embrace these fledgling companies, such a long way from
generating products, and then so quick to abandon them just a few
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years later? Was biotechnology comparable to the electronics revolu-
tion? How has biotechnology’s umbilical cord to Wall Street determined
research programs and product development? What changes has it
wrought on the way America supports biomedical research?

Despite its youth, the reality of biotechnology is often lost within a
fog of its own enthralling mythology. Unlike the more cloistered world
from which it sprang, biotech is a fully public—even a political—phe-
nomenon. It is an industry dependent on money raised by Wall Street
from nonscientific investors: it has products and personalities that have
to be promoted and sold; and it is molded by implacable financial pres-
sures. Like colonists, it has tried to take root in a landscape and culture
very different from its birthplace.

Biotechnology—the very word was invented on Wall Street—is a set
of techniques, or tools, not a pure science like much of academic bi-
ology. As a set of tools, it can be used to advance scientific experiments
or to produce viable, useful products such as human pharmaceuticals
and diagnostics. Technology, by definition, interlocks with cogs and
wheels of the workaday world. My purpose is to show, as graphically
as possible, how that interaction between academic biology and com-
mercial technology evolved, and the consequences that resulted.

The industry, of course, has a much grander image of itself than just
another industrial enterprise. Particularly in its early days, biotech en-
trepreneurs talked as if they were assembling academic laboratories that
happened to be funded by Wall Street instead of some nonprofit or
governmental body. They argued that they could combine both the
pure science of the academic world and the product development of
the drug industry; that they could excel as both scientists and inspired
entrepreneurs; that armed with these powerful tools and their own
inspiration, they could, like some romantic hero, transcend the realities
of corporate life.

That kind of thinking was mirrored in the way these firms were
portrayed to the outside world. In the popular press, the industrial
realities and limits were minimized. The technology burned so brightly
that it seemed to erase finer distinctions. Biotechnology was thus viewed
as either Promethean, engaged in saving humankind, or Faustian, dab-
bling with devilish forces beyond our ken. Interferon as a cancer cure
was the flip side of nightmarish visions of Andromedan strains conjured
up by critics like Jeremy Rifkin.” Even the financial press and the Wall
Street research community followed the inner logic of these carica-
tures. Here, the focus tended to be on scientific wonders—on scientific
possibilities—while skipping quickly across the more immediate, more
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contingent, technical, social, and business realities. A company that has
mortgaged its future or lacks development skills or has no money left
or has a product no one wants faces a limited future, no matter how
powerful its technology. In the pursuit of truth, science needs no mar-
ket; technology, on the other hand, has no reality beyond its application
and exists only in relation to the marketplace. Biotechnology, however,
was regularly viewed as a science story, cast in the future tense, safe
from realistic analysis. And, in truth, because Wall Street would pay
for the future, such dreams could, occasionally, become self-fulfilling.
Bad news, as they say on Wall Street, helps no one but the short-sellers.
Good news sells.

At the root of some of this was a messianic hope that still stubbornly
clings to the technology. The grand, and currently unrealistic, hope for
a simple, easy, comprehensive cancer cure was just a part of this; it
was also the belief that a new, fundamental technology had a sort of
alchemical ability to transform all that it touched—from the physical
being of humanity to the national economy. This is nothing new. Suc-
cessive dreams of secular technological utopias, based on steam, rails,
atomic energy, electricity and electronics, and now biology, have long
been part of the American experience. America began as a dream of a
lost, secular Eden. And Americans have often fantasized of a return to
Eden through technology—in literary critic Leo Marx’s words, “the
machine in the garden.”’ Indeed, less than twenty years ago, James
Carey and John Quirk could write, in an essay called “The Mythos of
the Electronic Revolution,” of the mentality that seizes on such tech-
nological breakthroughs:

The futurist mentality has much in common with the outlook of the
Industrial Revolution, which was heralded by the Enlightenment phi-
losophers and nineteenth century moralists as the vehicle for a gen-
eral progress, moral as well as material. Contemporary images of the
future also echo the promise of an eighth day and thus predict a
radical discontinuity from past history and the present human con-
dition. The dawn of this new era is alternately termed the “post-
industrial society,” “post-civilization,” and “the global village.” The
new breed of man inhabiting the future is characterized as the “post-
modern man,” the “protean personality,” the “post-literate electronic
man.”*

Similar claims have been made for biotechnology. The title of Jud-
son’s history, for instance, refers to the eighth day of redemption fol-
lowing the apocalypse. And Gunther Stent, a researcher at the Uni-
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versity of California at Berkeley and one of the pioneers of molecular
biology, elaborated on the theme in his 1969 book, The Coming of the
Golden Age: A View of the End of Progress, in which he described the
discovery and manipulation of DNA as signaling an end to social and
economic evolution.” As one observer commented, DNA would provide
the kind of material well-being that Marx and other utopians believed
achievable through the Industrial Revolution. History had ended; Eden
could be recreated on earth. Faustian man was being gradually phased
out of the environment he had created.”

More prosaically, there was that ubiquitous catchphrase of biotech-
nology, “magic bullets,” which referred, however loosely, to the ther-
apeutic dream of creating pharmaceutical regimens that would strike
only at the center of a disease, not at the healthy tissue around it. All
drugs have some side effects, however minor; and cancer therapeu-
tics—radiation and chemotherapy—are among the least focused. Thus,
to speak of magic bullets was to present the possibility of a transcendent
leap in efficacy, a way to talk about a cure without mentioning that
word. Indeed, whenever anyone spoke of the possibilities of biotech-
nology, the words “magic bullets” invariably crept into the conversa-
tion.

“Magic bullets” was a compact and memorable phrase. Even better,
it was open-ended: it could take on a multitude of meanings. At first,
just monoclonal antibodies fit beneath its garish, if narrow, marquee.
After all, the German chemist Paul Ehrlich had identified antibodies
as potential “magic bullets” when he coined the phrase nearly a century
ago. But once biotechnology was off and running, the phrase “magic
bullets quickly spread across the landscape. One of the first manifes-
tations of this process was the transmutation of the phrase to “silver
bullets,” a harmless enough change that replaced Mr. Wizard with the
Lone Ranger. But the alteration went considerably further. If mono-
clonal antibodies were magic bullets, why not say the same of exotic
substances such as interferon? Doesn’t interferon strike at some cells,
say tumor cells, leaving normal cells unharmed? In theory, doesn’t that
make interferon a magic bullet? And if interferon was a magic bullet,
what of targeted drugs produced by other means? By 1980 the phrase
had cast off its ropes to the solid deck of science and drifted into the
warm southern seas of publicity. A magic bullet was more a declaration
of intent, like a utopian vision of the future, than anything to do with
the practical application of science to medicine.

This messianism fused with the enthusiastic gospel of the entrepre-
neur. If the technology was so powerful, was not a new form of business
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demanded—a postindustrial corporation? And, if so, would not the
grinding day-to-day affairs of business—financing, management, pay-
roll, accounts receivable—become irrelevant? Those were the kinds of
notions that led some executives and observers to underestimate the
business issues, a situation analogous to a long jumper dismissing the
effects of friction, gravity, and a strong breeze. The creative deal loomed
over the careful husbanding of resources; the role of personality took
precedence over structure and systems; the technological breakthrough
was expected to blow aside all barriers. Biotechnology, went the notion,
is a revolutionary technology wielded by entrepreneurial companies
engaged in a transformation of the economic landscape. The stagnant
world of American big business, particularly those dinosaurs known as
the drug companies, are doomed; a new age is dawning; a new dispen-
sation has arrived.

Reality proved more intractable. Commercializing products that ac-
tually make money turned out not to be simple at all. Many failed.
Meanwhile, the drug companies did not collapse; in fact, through prod-
uct licensing, acquisitions, joint ventures, and huge in-house invest-
ments in biotechnological techniques, they are recouping aggressively.
And diseases like cancer have not given up their secrets easily. Thus,
although the industry has carved itself a niche in the biomedical re-
search world, there is no guarantee that it will retain it. The technology,
now over a decade old, has spread so far and is now so common, that
the notion of a separate biotechnology industry has begun to blur along
the edges.

Early on, a biotechnology company was defined as one that special-
ized in either gene splicing or monoclonal antibodies. But now those
two techniques are common to the armamentarium of any biological
laboratory. Perhaps, then, a biotech company is one specializing in
biologicals rather than in organic chemicals. But again, most firms have
accepted the necessity to work with more complex molecules like bi-
ologicals. Perhaps, then, a biotech company is an entrepreneurial, de-
velopment-stage company pursuing classic molecular biology—an in-
ductive, rather than empirical, approach. Fine, but that severely
underestimates the capabilities of the drug companies and relegates
the biotechnology industry to a world of small research boutiques. In
fact, what separates the successful biotechnology firm from a traditional
drug company? Is Genentech a biotech company, a pharmaceutical
company, or something new—a biopharmaceutical company?

One cannot doubt the historic importance of biotechnology as a
scientific and commercial set of tools. After all, it has already had a
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major impact on drug development, disease diagnostics, and agricul-
ture; and as time goes on, those tools will alter both products and
markets and force a variety of knotty ethical questions. Perhaps bio-
technology, allied with information processing, will pmvi@e the fuel for
a Schumpeterian long wave of economic development.” The central
question involves, however, the translation of this technology into so-
cial or business structures. What structures, what changes, will bio-
technology create over the long term? Will biotechnology toss up an
entirely new, self-sustaining industry, like the large computer and semi-
conductor companies spawned by the electronics revolution? Or will
these powerful tools be subsumed into structures and technologies that
already exist? Will biotechnology, in fact, create permanent changes in
the ways we fund basic biomedical research? Is biotechnology a revo-
lutionary or an evolutionary force? This book, in short, is really about
limits: the limits of both the entrepreneur and the technology.

The key lies with the word revolution. Like magic bullets, revolution
is a concept that dons many guises and gets used for many purposes.
In the early days of the industry, this notion often took on an insur-
rectionary sense: the conviction that this upsurge in entrepreneurial
firms would “overthrow” the large, conservative pharmaceutical com-
panies that sat atop commercial biomedicine. But that was not all. More
quietly, it subverted the other major fiefdoms of the biomedical estab-
lishment, including the system of academic research and the enormous
generation of research funding that came, for the most part, from the
federal government through the distributive mechanism of the Na-
tional Institutes of Health (NIH).

At the very least, biotechnology represented a radical decentraliza-
tion of the biomedical establishment. By opening up new avenues of
financing, biotechnology offered a way of getting around the estab-
lished peer-review system and the dominance of institutions like the
NIH. Although it was a practical outcome rather than a stated goal of
biotechnology, this decentralization garnered applause and popular
support. It spoke to a widespread public sense of disappointment in
the progress of the heavily publicized War on Cancer begun by Presi-
dent Nixon in 1971; indeed, crazes like Laetrile, the quack cancer cure
made from apricot pits, was fueled by the belief that there was a gov-
ernment conspiracy to block a cancer cure. It was arguably no coinci-
dence that Laetrile faded only when interferon came onto the scene
in 1980. The War on Cancer raised public expectations but offered no
real sense of participation; biotechnology tapped that public directly
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for support. Access to that new and bountiful financing source, with
all its deceptive independence from traditional constraints, also spawned
other consequences. Many of the most visible phenomena of the bio-
technology era—the hype, the wild claims, the disappointment—arose
directly from this decentralization of decisionmaking, this sudden open-
ing up of decisionmaking to the invisible hand of the market, and from
the scientific ignorance that underlay it. And like the War on Cancer,
biotechnology created its own long-term problems: it raised expecta-
tions to an impossible level while spawning its own competition, as
hundreds of entrepreneurs rushed in to join the bonanza.

Genetic Systems, the company examined most closely here, offers a
window on this process. A small Seattle company assembled by a pair
of young Wall Street deal makers and run by a young scientific entre-
preneur, Genetic Systems struggled to succeed in a difhicult environ-
ment—costs were higher, competition tougher, and the science
sketchier than anyone thought. To many observers, the 1985 acquisi-
tion of Genetic Systems by Bristol-Myers (and, simultaneously, of a
somewhat similar company called Hybritech by drugmaker Eh Lilly)
marked the end of the heroic age of biotechnology, a loss of innocence,
despite the profits some investors took home. And today that does seem
to have been the case. There have been successes—particularly the
approval of tissue-plasminogen activator, a drug that dissolves blood
clots, developed by Genentech, long considered the premier biotech-
nology company—but they have not been on the heroic scale that the
early biotech dreamers and promoters foresaw. And each success, in
turn, has been shadowed by failure. Even Genentech has had to strug-
gle with the Food and Drug Administration, patent litigation, a failure
to get Medicare reimbursement, mounting competition, and a market
for tissue-plasminogen activator that has simply not been anywhere as
large as the company and Wall Street expected. Similarly, the elegant
theories that created so much excitement in the early days of the in-
dustry, with talk of magic bullets and immunotherapy, have proven to
be full of hidden complexities and unfortunate contingencies. That is
not to say they are not fertile scientific theories, only that their com-
ponents have not yet proven themselves as technologies.

But this, of course, is nothing new. Judson, for instance, rounds out
his history of molecular biology in 1970, when researchers had begun
to believe that they understood the general operation of the cell, at
least in the simplest creatures. “Many molecular biologists were con-
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CHAPTER 1

The Biomedical
Triangle

ON MOST DAYS, wvast tides of
capital surge through Wall Street, sweeping over feeding beds of inves-
tors and corporations alike. The composition changes continuously,
with new companies appearing as the old wither and die, or shuffle off
into merger or acquisition. Most initial public offerings—that is, the
first sales of stock of a company to the public—involve scores of inves-
tors, lawyers, and investment bankers but fail to have much of an im-
pact on the greater community of Wall Street. But on October 14, 1980,
a much larger event was in the works: a company from south San
Francisco named Genentech was coming out. Genentech called itself
a biotechnology company—a new word, a new idea—and seized the
promiscuous imagination of Wall Street. The company was the creation
of two men, a biochemist named Herbert Boyer and a young venture
capitalist turned entrepreneur named Robert Swanson. Boyer, with an-
other colleague, had been the first to pluck a gene from one organism
and insert it into another successfully. This was the first example of a
deliberate genetic recombination, although the process had already ac-
quired, like a Hindu deity, many names: genetic engineering, recom-
binant DNA, gene splicing, biotechnology. The company had already
won a fierce race between two academic laboratories to use these in-
tricate tools to insert a gene for human insulin in bacteria; it had since
licensed that work to Eli Lilly, the world’s largest seller of porcine, or
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young pig, insulin to diabetics, for commercialization.! And then there
was interferon—another new, endlessly fascinating name like some
mythical African kingdom. Interferon was a powerful natural protein
that was reputed to combat everything from herpes to cancer to the
common cold.

All this put Genentech into a different category from other new
companies. Genentech’s substance was highly complex, even esoteric.
Most investors deal with complexity as if it were a tax problem: they
try either to hide or shelter it, or they dump it, like a shoebox crammed
with receipts, on an expert. With interferon, even the experts were
undecided. “Just the bottom line!”” investors demanded. Alas, there was
no bottom line; there would not be one for years. Into that vacuum
stepped the brokers, a breed that, in a world of slamming phones, learn
how to be concise. Brokers are salespeople, and nothing sells like hope,
the service economy’s answer to the widget. Interferon embodied hope
and the promise of fabulous future profits. Time magazine had run
interferon on its cover earlier in the year (“The Big 1F”), and Time was
about as technical as most Wall Streeters ever got.

The brokers found a receptive audience. Genentech had a definite
allure—a blend of technology, management, and class. “By owning
Genentech,” said one money manager, “you were the envy of everyone
in the conversation pit.”” Besides, in an economy wracked by inflation,
beset by imports, confused by years of zigzagging economic policies, a
decade in which stocks had skidded so low that one business magazine
predicted, wrongly, the death of the stock market, “technology” looked
like the closest thing to salvation short of Japan falling into the sea.
Wall Street was loaded with investors who dreamed of another wave
of profitable new investment vehicles like the computer and semicon-
ductor companies or, before that, the Polaroids and Xeroxes. Not that
Genentech'’s prospectus did not warn about risk. Genentech had not
vet produced a single product; human insulin would not be fully tested
and approved until 1984, interferon several years later. It had no ex-
perience in the drug business. It would have to raise considerably more
money in the future.

No matter. The enthusiasm ran so high that pricing proved tricky.
How great would be the demand? Genentech, with its lead underwrit-
ers, Blythe Eastman Paine Webber in New York and Hambrecht &
Quist in San Francisco, elected to sell a million shares at thirty-five
dollars each. This was quite high for a small, untested company. The
fever spread swiftly. The financial fundamentals—the multiples, the
projections of sales and earnings, the esoteric math by which Wall
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Street judges risk—got trampled as anticipation built. Thirty minutes
after the market opened, the underwriters had sold their stock and
disbanded; the twenty-seven market makers, through which trading was
now funneled, absorbed the brunt of the storm. Twenty minutes later
the now freely trading stock hit eighty-nine dollars a share. For the rest
of the day it rose and fell, tumbling as investors cashed in their profits,
spinning upwards again on new speculative enthusiasm. In midafter-
noon, John Whitehead, a managing partner at the brokerage firm of
Goldman Sachs, came over the Dow Jones news wire expressing con-
cern at the speculative fever. The trading slowed, then accelerated
again. Late in the afternoon the stock took a final run into the upper
eighties, only to fall back to seventy on the closing bell.

That eighty-nine-dollar high set a record for an initial public offering.
The financial pages the next day recounted classic American tales of
instant wealth, including one about a California Institute of Technol-
ogy graduate student who suddenly discovered he had become, over-
night, a paper millionaire. Several years earlier he had done some lab
work for Genentech and had received 30,000 shares; when he left the
company, soon after, he returned half of them.

The Genentech offering sent a shock through other small, private
biotech operations and their venture-capital investors and investment
bankers. In the months that followed, dozens of similar companies,
many with equally beguiling names and comparable products, lined up
to offer stock. Several succeeded in raising more money than Genen-
tech. A firm called Cetus, for instance, with three Nobel laureates on
its scientific advisory board, raised $120 million, almost drowning the
market in shares. It was an impressive outpouring of capital. Even more
unusual was the number of academics involved in these new firms.
This was a new phenomenon: never had a new industry arisen with
university scientists playing such a major role. In just a few years there
would be over 100 public biotechnology companies fueled by some
$500 million in new publically invested capital. The phenomenon soon
took on a name: biomania.

The Genentech offering, like a stone tossed in a still pond, would for
years generate ripples in the world of biomedical research. It produced
an exhilarating break with the past and seemed to symbolize a major
shift in the power structure presiding over both basic research and its
technological component, pharmaceutical and diagnostic development.
It brought to the game new players in the form of Wall Street invest-
ment bankers, brokers, and analysts and, by extension, a larger, scien-
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tifically unsophisticated public. And it altered not only the rules of the
game but the kind of projects that were financed and pursued. Genen-
tech, in essence, was the first round in a torrid tango of mutual seduc-
tion between Wall Street and a new class of biological entrepreneur.
By 1981 many researchers began to think of Wall Street not as a grim
Golgotha, but as a Golconda—in the words of financial historian John
Brooks, a legendary city where “everyone who passed through got
rich.”* And for Wall Street operatives and their customers, Genentech
and biotechnology offered the promise of medical miracles, big profits,
and a plethora of deals.

But to understand truly what a radical departure Genentech was,
one has to understand the institutional complexity that dominated
biomedical research. A decade before Genentech, biomedical research
in the United States had been swept by another sea change: the War
on Cancer legislation, which poured billions of dollars into basic bio-
logical research. Yet President Nixon’s 1971 decision to seek a cure for
cancer was essentially conservative. It buttressed, for a time, the dom-
inant role played by the federal government in biomedical research and
fixed bureaucratic relationships, making them appear to have assumed
a natural and inevitable division of labor. In fact, the particular con-
stellation of institutions that ruled over biomedical research, like a va-
riety of other spheres dominated by the federal government, had only
developed in the years after World War 1. The War on Cancer not
only expanded an already large constituency that existed to disburse
and spend that money; it also created an ever-increasing need, as the
field expanded to consume the funding and as institutions labored both
to retain and expand their prerogatives.

Before Genentech, biomedical research was dominated by three in-
terrelated realms. The first was that of the pure or basic researcher.
This was a world of graduate students, postdoctoral fellows, and labo-
ratory chiefs at private research institutions such as Rockefeller Uni-
versity or Cold Spring Harbor Biological Laboratories, at universities
like MIT or Harvard, or at federal laboratory complexes such as the
National Institutes of Health. This realm involved teaching and train-
ing, as well as research. Basic biological research was just that: an ex-
ploration into fundamental mechanisms of biological structures. Its van-
guard was made up of investigators into a murky molecular universe,
seckers after truth without the taint of the commercial and political
world. They were searching for biological mechanisms: What causes a
cell to proliferate in a cancerous fashion? How does the immune system
operate? Why does blood clot? Why do arterial vessels clog? Increas-
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ingly, their efforts were driven by molecular biology, the highly sophis-
ticated dissection of the molecular watchworks of the cell that burst
into public consciousness with Watson and Crick’s 1953 elucidation of
DNA's double helix. Molecular biology studied the inner workings of
the cell, particularly the controlling mechanism, DNA.

Academic researchers coexisted uneasily with a second locus of
power, the large drug and chemical companies. Here, applied science,
or technology, ruled. Although Merck or Eli Lilly or Squibb funded
some basic research, these companies really focused on discovering
active compounds and turning them into useful therapeutics. In theory,
the pharmaceutical establishment would create new, commercially vi-
able products based on foundations laid down by academic researchers.
In actuality, the two realms often seemed to work in separate com-
partments, communicating, only occasionally, by tapping on the walls.
Compared to the computer industry, biology was still fumbling in the
dark. There were, as vet, few applications of fundamental break-
throughs. “Biologists work very close to the frontier between bewilder-
ment and understanding,” said Nobel laureate Sir Peter Medawar in
1968. “Biology is complex, messy and richly various, like real life; it
travels faster nowadays than physics or chemistry (which is good be-
cause it has further to go), and it travels nearer the ground.”

The drug companies were not interested in science without appli-
cations. Their approach was predominately empirical, relying on what
worked, without worrying overly about cause.® For years, the industry
had developed new products by shuffling through as many compounds
as they could lay their hands on. Pith-helmeted explorers would return
from exotic lands laden with baggies of dirt, plants, or mold scraped off
bark, boot soles, or the scummy surface of brackish bogs. Back at the
lab, scientists would test the samples against a variety of microbes and
viruses growing in row after row of carefully labelled petri dishes. If a
compound proved effective, an organic chemist—not a biologist—would
fiddle with it, snipping off a carbon atom here, adding a sugar ring
there, and then screen all over again, testing all the time. Is it toxic?
How much effect does it have? What if you try this or that? Petri dishes
were everywhere, and drug laboratories resembled giant cupcake
factories.

It was, at its heart, a bureaucratic science: an attempt to organize
and rationalize serendipity. The more compounds screened, the better
the odds of finding the new penicillin or the new cephalosporin, or
discovering something that worked. Explanations could be devised later.
The process sometimes took decades. Lederle Laboratories spent fif-
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teen years screening and testing before stumbling over ethambutol, an
antitubercular. As late as 1985, Squibb introduced a new antibiotic
called Azactam that had first been found in 1978 in the Pine Barrens
of New Jersey.

Scientifically, mass screening lacked precision and elegance; indus-
trially, it worked, although by the late 1970s it was no longer working
as well as it had. The number of breakthrough drugs, compounds that,
by their very success, would create whole new markets, was slowing;
the industry was awash with “me too” compounds that acted in very
similar ways. The wars against old diseases, microbial infections like
tuberculosis or pneumonia, were now triumphs of the past; and, indeed,
the patents on those drugs had long since lapsed. The challenge was
now to conquer forbidding problems like cancer, heart disease, arthritis,
and Alzheimer's disease. Nonetheless, in pharmaceuticals, genius ap-
peared far less frequently than the need to report earnings. Perspira-
tion, the theory went, could make up for anemic inspiration. And
throughout the 1970s most drug companies clung to the old ways: mass
screening and organic chemistry.

The third realm of the biomedical establishment was a bureaucracy
that focused more on politics and the allocation of resources than on
actual research. Biological research was expensive and time-consuming,
particularly in academia, where there were no profits to feed back to
the laboratory. Thus arose a bureaucracy of fund raisers, grant givers,
administrators, lobbyists, and politicians. This extensive network mush-
roomed in the years after World War II when Americans, suddenly rich
and powerful, became grimly serious about good health. Before the
war, research funding had been scarce. The National Institutes of
Health (NIH), for example, traces its history to 1887 and a one-room
bacteriological laboratory in a government marine institute. In 1937
when the National Cancer Institute (NCI) was opened, its budget was
only a few hundred thousand dollars.” Still, by 1950, Congress, prodded
by massive grassroots fund raising from such new organizations as the
American Cancer Society, the American Heart Association, and the
March of Dimes (which saw its first cause effectively eliminated when
Jonas Salk developed the first polio vaccine in 1957) took up medical
research in a big way. Birth-to-death health care was quickly becoming
a right rather than a privilege. Organizations took the first steps to
involve a larger public actively through mass fund raising drives. The
response, in turn, had its effect on Congress and the administration.
Who could argue with the thousands of women marching door to door
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