
C
o
p
y
r
i
g
h
t
 
 
2
0
1
9
.
 
U
n
i
v
e
r
s
i
t
y
 
o
f
 
C
h
i
c
a
g
o
 
P
r
e
s
s
.
 
A
l
l
 
r
i
g
h
t
s
 
r
e
s
e
r
v
e
d
.
 
M
a
y
 
n
o
t
 
b
e
 
r
e
p
r
o
d
u
c
e
d
 
i
n
 
a
n
y
 
f
o
r
m
 
w
i
t
h
o
u
t
 
p
e
r
m
i
s
s
i
o
n
 
f
r
o
m
 
t
h
e
 
p
u
b
l
i
s
h
e
r
,
 
e
x
c
e
p
t
 
f
a
i
r
 
u
s
e
s
 
p
e
r
m
i
t
t
e
d
 
u
n
d
e
r
 
U
.
S
.
 
o
r
 
a
p
p
l
i
c
a
b
l
e
 
c
o
p
y
r
i
g
h
t
 
l
a
w
.

EBSCO Publishing : eBook Collection (EBSCOhost) - printed on 2/10/2023 8:23 PM via 
AN: 1941109 ; Robin Wolfe Scheffler.; A Contagious Cause : The American Hunt for Cancer Viruses and the Rise of Molecular Medicine
Account: ns335141



A Contagious Cause

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



A Contagious Cause

The American Hunt for Cancer Viruses  
and the Rise of Molecular Medicine

r o b i n  w o l f e  s c h e f f l e r

the university of chicago press chicago and london

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



The University of Chicago Press, Chicago 60637
The University of Chicago Press, Ltd., London
© 2019 by The University of Chicago
All rights reserved. No part of this book may be used or reproduced in any manner  
whatsoever without written permission, except in the case of brief quotations in critical 
articles and reviews. For more information, contact the University of Chicago Press,  
1427 E. 60th St., Chicago, IL 60637.
Published 2019
Printed in the United States of America

28 27 26 25 24 23 22 21 20 19  1 2 3 4 5

isbn- 13: 978- 0- 226- 45889- 2 (cloth)
isbn- 13: 978- 0- 226- 62837- 0 (paper)
isbn- 13: 978- 0- 226- 62840- 0 (e- book)
doi: https://doi.org/10.7208/chicago/9780226628400.001.0001

Library of Congress Cataloging-in-Publication Data

Names: Scheffler, Robin Wolfe, author.
Title: A contagious cause : the American hunt for cancer viruses and the rise  

of molecular medicine / Robin Wolfe Scheffler.
Description: Chicago : The University of Chicago Press, 2019. |  

Includes bibliographical references and index.
Identifiers: lccn 2018045367 | isbn 9780226458892 (cloth : alk. paper) |  

isbn 9780226628370 (pbk. : alk. paper) | isbn 9780226628400 (e-book)
Subjects: lcsh: Oncogenic viruses—Research—United States—History. | Cancer—

Etiology—Research—United States—History. | Virology—Research— 
United States—History. | Molecular biology—United States—History.

Classification: lcc qr372.o6 s34 2019 | ddc 616.99/4019—dc23 
lc record available at https://lccn.loc.gov/2018045367

♾ This paper meets the requirements of ansi/niso z39.48- 1992 (Permanence of Paper).

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



for caitlin

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



The virologist is among the luckiest of biologists because he can see into his chosen pet down 
to the details of all its molecules. —David Baltimore, Nobel Prize Address, 1975

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



Contents

List of Acronyms ix

Introduction: “An Infectious Disease— A Virus” 1

chapter 1. Cancer and Contagion 20

chapter 2. Cancer as a Viral Disease 41

chapter 3.  Policymakers and Philanthropists Define the Cancer 
Problem 60

chapter 4.  The Biomedical Settlement and the Federalization of the 
Cancer Problem 79

chapter 5.  Managing the Future at the Special Virus Leukemia 
Program 97

chapter 6.  Administrative Objects and the Infrastructure of Cancer 
Virus Research 125

chapter 7. Viruses as a Central Front in the War on Cancer 146

chapter 8. Molecular Biology’s Resistance to the War on Cancer 166

chapter 9.  The West Coast Retrovirus Rush and the Discovery of 
Oncogenes 183

chapter 10. Momentum for Molecular Medicine 204

Conclusion: Afterlife, Memory, and Failure in Biomedical Research 229

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



viii contents

Time Line 239  

Acknowledgments 243  

Notes 249

Bibliography 327  

Index 365

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



Acronyms

ACS American Cancer Society

ASCC American Society for the Control of Cancer

CCNSC Cancer Chemotherapy National Service Center

CCRF Children’s Cancer Research Foundation

DHEW Department of Health, Education, and Welfare

EBV Epstein- Barr Virus

IARC International Agency for Research on Cancer

NASA National Aeronautics and Space Administration

NCI National Cancer Institute

NFIP National Foundation for Infantile Paralysis

NIH National Institutes of Health

PERT Program Evaluation Review Technique

ras   transforming gene of Murine Sarcoma Virus, first human 
oncogene identified

RSV Rous Sarcoma Virus

src  The transforming gene of RSV

SV- 40 Simian Virus 40

SVCP Special Virus Cancer Program

SVLP Special Virus Leukemia Program

UCSF University of California, San Francisco

VCP Virus Cancer Program

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



introduction

“An Infectious Disease— A Virus”

In the winter of 1961, a concerned mother contacted the American 
Cancer Society to report a “cancer epidemic” in the Chicago suburb 

of Niles, Illinois. The population of Niles had swelled after the Second 
World War thanks to an influx of new families seeking a safe and healthful 
environment in which to raise their children. Now, an outbreak of leuke
mia menaced their sense of tranquility. In the previous year, eight children 
at the St. John Brebeuf Parish school had died from leukemia and another 
five had been diagnosed with the illness, a combined rate of mortality 
and morbidity five times as high as the national average. An epidemiolo
gist dispatched by the US Public Health Service attributed the cluster of 
deaths to “an unidentified infectious agent.” On an August evening in 
1963, two hundred people attended a packed meeting about this possible 
epidemic of leukemia. With memories of summertime polio outbreaks 
fresh on their minds, the residents of Niles found the possibility of a leu
kemia virus to be chillingly plausible. While urging calm, the Niles Board 
of Trustees moved to require reports of all leukemia cases within the 
town, a measure previously invoked only for infectious diseases.1 When a 
photographer trailed a doctor collecting blood samples from survivors of 
the “epidemic,” a young woman, fearing the stigma of becoming known 
as a contagious cancer carrier, would only agree to be photographed with 
her back to the camera.2

Members of the medical community did not assuage the residents’ con
cerns. In the Journal of the American Medical Association, the director 
of Cook County Hospital’s Hektoen Medical Research Institute, Steven 
Schwartz, announced that he had found unknown antibodies in the blood 
of some of the children’s relatives and even in that of laboratory tech
nicians who handled the samples. In restrained clinical prose, Schwartz 
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figure 0.1. Dr. Paul Levine of the NCI draws blood from a young woman designated a survi
vor of the Niles, Illinois, leukemia cluster in 1968. Levine was joined by an unknown photogra
pher from Life magazine, who took this photo for a story that was preempted by coverage of the 
assassination of Robert Kennedy in June 1968. Image courtesy of Paul Levine.
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3“an infectious disease—a virus”

concluded that the Niles cases lent “further credence to the viral etiological 
theory” of human leukemia. He was more direct with a re porter for the 
Saturday Evening Post: “You can’t see patients for twenty years without 
being convinced that certain things are so. . . . Leukemia looks to me like 
an infectious disease— a virus.”3 Alarmingly, as events in Niles unfolded, 
reports of similar leukemia “clusters” emerged in Buffalo, New York; 
Bergen County, New Jersey; Cheyenne, Wyoming; Louisville, Kentucky; 
Mount Prospect, Illinois; Seattle, Washington; and Orange, Texas— 
raising the chilling possibility of infectious leukemia outbreaks across the 
country.4 Reflecting the sense of urgency fostered by these mounting re
ports, the American Cancer Society named leukemia its “top public en
emy” in 1963.5

Yet the grim threat of a leukemia virus also contained a kernel of hope. 
If leukemia did have an infectious cause, then it could be brought under 
control, and possibly eradicated, by vaccination, as had happened in the 
case of polio, another feared childhood menace. Reflecting that optimism, 
the National Cancer Institute announced the creation of the Special Virus 
Leukemia Program in 1964. To capitalize on the possible discovery of a 
leukemia virus, the administrators of the program formulated a unique 
“superplan” to direct the process of vaccine development. Drawing on the 
experience of the Department of Defense, these administrators planned 
to divide up the entire process of vaccine development— from virus dis
covery to production— into contracts delegated to coordinated teams of  
doctors and researchers spread across university departments, govern
ment laboratories, and private industry. In a feature article praising the 
program, Life magazine explained that, unlike most medical research ef
forts, these administrators had a strategy “that would do more than give 
out research money and wait for results. It . . . would plan research and 
make results.” In the ensuing fifteen years, the National Cancer Institute 
spent more than $6.5 billion (in 2017 USD) on cancer virus research, an 
effort larger than the Human Genome Project a generation later.6 How
ever, throughout this national effort to develop a cancer vaccine, not a sin
gle human cancer virus was known to exist.

* * *

I began the research that produced this book seeking to understand the 
contribution of a limited number of animal cancer viruses to molecular 
biology. These viruses interested me because they served as an essential 
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bridge for the “migration” of molecular biologists from studies of bacte
ria to the study of complex organisms in the 1960s and 1970s.7 Midway 
through this research, however, I learned of the outbreak in Niles and the 
bold actions of the National Cancer Institute. At first, I was confounded 
by the events. I thought of human cancer as a disease caused by genetic 
factors or environmental exposures. The website of the American Cancer 
Society assured me, as it still assures visitors, that “Cancer is NOT Con
tagious.”8 The many kinds of cancer in humans— more than two hundred 
by many counts— made the idea that the disease was caused by a singular 
“cancer virus” appear simplistic.9

Yet as I read further, I encountered the publicity and controversy sur
rounding the release of the human papillomavirus vaccine as a preventive 
against cervical cancer (and many other cancers) and the use of hepatitis B 
virus vaccines against liver cancer.10 Overall, I was surprised to learn that 
contemporary estimates attribute nearly one in six cancers worldwide to 
infection by viruses.11 In 2011, reflecting on the advances in the forty years 
since the declaration of the “War on Cancer” in 1971, Science commented 
that while progress against cancer as a whole had been frustrating, “we 
now know that viruses do in fact play a causal role in certain human can
cers, and, thanks to decades of tumor virology research, vaccines against 
these viruses have been developed into successful cancer preventive 
agents. That’s something to celebrate.”12

Delving into the associations between cancer and viruses in the pres
ent day, however, did little to ease my confusion as a historian. If anything, 
what I uncovered highlighted a central paradox that my research brought 
to light: American investment in the hunt for a cancer vaccine peaked in 
the decades after the Second World War, long before any human cancer 
viruses were identified in the laboratory. To understand this paradox, I 
turned from examining how viruses appeared in the laboratory to how 
they figured in American society’s response to cancer.13 Mounting invest
ment in research into the biological roots of cancer was symptomatic of 
a new moment in midcentury American politics, a moment in which the 
promise of biomedical breakthroughs was seen as an appealing alterna
tive to federal intervention in the medical marketplace. As I elaborate 
below, I came to see this development as a part of what I will call the bio-
medical settlement: the tacit promise that in lieu of providing health care 
to its citizens directly, the government could foster public welfare through 
biological investigations of disease. Identifying a viral cause of cancer and 
cutting it off with vaccination was one of the most compelling promises 
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5“an infectious disease—a virus”

advocates of the biomedical settlement could offer in favor of this new 
approach to the nation’s health.

Cancer viruses were in the vanguard of the midcentury campaign to pro
vide biological solutions to the manifold problems of disease. The Amer
ican hunt for these viruses brought together two different approaches to  
disease: an older tradition of public health vaccination, such as the cam
paigns waged against polio and smallpox, and a new tradition of molecu
lar biology, whose advocates offered the hope that unlocking the myster
ies of disease would usher in revolutionary new therapies. In this book I 
use the double life of cancer viruses to weave together political, medical, 
and biological changes that are often viewed in isolation. The promise of a 
cancer vaccine created the largest and most ambitious federal infrastruc
ture for peacetime biological research seen in the twentieth century. The 
social and material resources provided by this infrastructure, culminating 
during the “War on Cancer,” played a pivotal role in the migration of mo
lecular biologists and their vision of life from simple bacteria to complex 
cells. However, as the study of cancer moved further into the laboratory, 
tension grew between molecular biology’s pursuit of knowledge and the 
expectations fostered by the biomedical settlement. Defining the nature 
of the hunt for cancer viruses and evaluating its success provided a promi
nent arena in which American society grappled with the promise and frus
tration of molecular approaches to health and disease.

Defining the Cancer Problem

Cancer had long inspired a unique degree of fear. A cancer diagnosis 
promised a painful and solitary death, very much unlike the gradual de
mise from tuberculosis, the leading killer of the nineteenth century, ro
manticized by writers and artists. It was not unusual for flesh necrosis or 
secondary infections to take hold in the advanced stages of the disease; 
the pain and odor associated with terminal cancer denied sufferers the 
solace of friends and family and the clarity of mind to die with dignity.14 
At the start of the twentieth century, new concern about the “cancer 
problem” arose to join these long standing fears.15 Statistics revealed that 
the incidence of cancer was rising; by the middle of the twentieth century, 
it was the second leading cause of death in the United States and many 
other industrial nations. Optimistically, some physicians speculated that 
the rising rates were an artifact of improved diagnosis or longer lifespans 
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resulting from the control of epidemic diseases, what later demographers 
called the “epidemiological transition” to chronic illnesses, but many oth
ers expressed concern that rising cancer rates were a symptom of modern 
society itself.16

A speaker at a meeting of the Brooklyn Surgical Society in 1909 cap
tured this sense of foreboding: “The cancer problem . . . remains an enig ma 
which thus far has baffled solution. By reason of the mystery which at
tends its origin, the apparent increase of its prevalence which seems to 
have followed civilization and luxury, and the steady course to a fatal ter
mination that is its characteristic, it is a dark cloud which hangs on the 
horizon of every family.”17

Despite international concern for rising rates of cancer, there was no 
single means of addressing the disease. Initially, nations pursued cancer 
treatment, education, and prevention in very different measures. The dif
ferent approaches that these nations followed highlight the ways in which 
the solutions that the United States sought for the cancer problem were 
the product of its particular social and political concerns rather than re
sponses dictated by the nature of the disease. In the 1920s and 1930s, the 
French government remained more concerned with diseases, particularly 
tuberculosis, that appeared to threaten the generation of young men that 
had survived the decimation of the First World War. When France did 
turn to cancer, it focused on making cutting edge treatments, especially 
radium, available through a network of hospitals. Germany, from experi
ence with illnesses caused by its burgeoning chemicals industry, embraced 
the theory of environmental carcinogenesis and emphasized prevention 
over treatment, an approach that continued under the Nazi regime. Brit
ain feared that active public education campaigns would spark “cancer
phobia,” and so limited its outreach efforts. Later, it focused on providing 
cancer care through the National Health Service.18

In the United States, it was not the federal government, but rather the 
American Society for the Control of Cancer, founded in 1913, that first 
claimed responsibility for the disease. Its founders deliberately empha
sized “control” to avoid the suggestion of curing or eliminating cancer. 
In the 1920s and 1930s the society launched wide ranging public educa
tion campaigns aimed at encouraging early detection and early treatment, 
particularly through the advancing field of surgery.19 Public concern for 
the disease prompted the creation of the federal National Cancer Insti
tute (NCI) in 1937, but the pessimistic view that surgeons held regarding 
the medical returns of laboratory research and the resistance that doctors 
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7“an infectious disease—a virus”

maintained to state intervention limited the scope of its actions.20 Alone 
among the nations facing the cancer problem, the United States adopted 
a fourth solution in the middle of the century: biological research into the 
mechanisms of the disease. From its modest origins in 1937, the scope of 
biological research supported by the NCI expanded dramatically starting 
in the early 1950s. In 1971 Congress adopted calls for a “War on Cancer,” 
quadrupling the budget of the NCI in only a few years and launching the 
widest ranging program of biological research to serve medical ends seen 
before or since.21

While it might now seem to be an obvious approach to the cancer prob
lem, the ardor with which midcentury Americans embraced biomedical 
research was truly remarkable. Although vaccination and antibiotics pro
vided medical research with an aura of potential during its “golden age” 
after the Second World War, the rapid rise of support for biomedical re
search against cancer far outpaced demonstrable evidence of its medical 
uses.22 Well into the twentieth century, research into the biological nature 
of cancer did not promise therapeutic insights; exploring cancer’s heredi
tary roots did not provide a means of arresting the disease, and pursuing 
prevention by divining its environmental or chemical causes seemed to 
require daunting adjustments to society. Microbiology was the one branch 
of laboratory science that promised to unite biological understanding of 
the disease with the development of new cures, but the existence of can
cer viruses was hotly contested.23 Moreover, many prominent doctors and  
scientists remained vocally pessimistic about the possibility of curing can
cer. Because of this dissonance, tracking political and social changes is es
sential to understand how and why Americans placed their faith in the bio
medical approach to disease.

The American Biomedical Settlement

The rapid expansion of biomedical research in the United States provides 
a vantage point for considering the long arc of debates and discussions re
garding the role of government in American society. Historians typically 
regard federal spending on biomedical research as a by product of Ameri
ca’s immense prosperity after the Second World War and its national faith 
in science. Rather than striking a tune of American exceptionalism in a 
medical key, I regard this spending as one facet of a discussion spanning 
the twentieth century concerning what avenues the state could follow to 
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protect and promote public health. In the late nineteenth century, indus
trializing nations faced calls to assume a greater and greater role in pro
tecting the welfare of their citizens through workplace regulations, educa
tion, unemployment insurance, old age assistance, or individual medical 
care. The United States adopted some of these measures and not others. 
Befitting the fear that cancer inspired, the American response to it from 
the First World War through the end of the Cold War was interwoven with 
these debates.24

At the opening of the twentieth century, doctors and reformers urged 
the government to guard public health against the threat of infectious 
disease by exercising its police powers— steps such as quarantine, vac
cination, and sanitation. However, state authorities found that these tools 
provided an inadequate means of responding to chronic diseases, whose 
sufferers required sustained medical care rather than containment. In the 
1930s, advocates of social welfare began to argue that the government 
should take on a greater role in protecting the “health security” of its citi
zens, just as it protected the economic security of those in old age.25 After 
the Second World War, however, the United States did not follow other 
industrialized democracies in embracing health security as a right that it 
owed to its citizens— notably, the American Medical Association mobi
lized to block the national health insurance plan proposed by President 
Harry Truman.26

This moment provided the grounds for the emergence of the biomedi
cal settlement. I use this phrase to capture a new ideology adopted by 
social welfare activists, scientists, doctors, administrators, and legislators 
as they grappled with the question of what role the federal government  
could assume in addressing the cancer problem. While there was never a 
formal articulation of the settlement, it captures the vision of the role that 
government could play in the fight against disease that emerged out of these 
negotia tions. Rather than protecting public welfare through the provision 
of in dividual health care or the control of epidemic disease, the settlement 
promised that the government would foster health by supporting the study 
of illness at a biological level on an unprecedented scale. The parties to 
the settlement joined the still novel idea of approaching disease as a bio
logical event with the creation of new pathways for federal intervention  
in the nation’s health that skirted medical opposition.

The negotiations and maneuvers that brought the federal government 
into cancer research, the first site of the biomedical settlement, opened 
channels through which a flood of funding for research on other  diseases 
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9“an infectious disease—a virus”

followed. Federal spending on biomedical research, though modest in com
parison to spending for military or social programs, assumed an outsized 
status in demonstrating that the government was caring for its citizens. 
As a midcentury report for the Department of Health, Education, and 
Welfare observed, the world was in the midst of a “scientific and techno
logical revolution.” The future direction of “medical science” was the ex
ploration of “fundamental physical phenomena related to the nature of 
life and to the growth and control of living organisms.” “The fruits” of this 
research would be “the prolongation of life and the relief of suffering.”27 
Although the federal government also sought to indirectly promote indi
vidual health through hospital construction, medical education, and phar
maceutical regulation, the most powerful sign of its commitment to health 
was its support of biological research directed at curing and preventing  
illness.28

Although federal spending on biomedical research skyrocketed starting 
in the 1950s, this did not mean all of the parties to the settlement were in ac
cord with one another. The biomedical settlement did not satisfy all of the 
activists who sought national health insurance, nor did it placate opposition 
to federal intervention by the medical community or convince advocates of 
small government. The terms of the settlement were a matter of constant 
debate between zealous social welfare activists, socialism wary doctors, 
fiercely independent scientists, power seeking administrators, concerned 
legislators, and taxpaying citizens. Their ongoing negotiations drew and 
redrew the boundaries of what government interventions were possible.29

In the midst of this process of contention and compromise, the poli
cies implemented under the aegis of the settlement had a transformative 
effect on the development of the biological sciences in the United States. 
Previously, the largest federal investment in biological research had been 
made under the auspices of the Department of Agriculture.30 While other 
federal patrons of biological research arose after the Second World War, 
such as the Atomic Energy Commission and the National Science Foun
dation, their efforts were soon surpassed by the rising budget of the Na
tional Institutes of Health (NIH), the agency favored by the advocates of 
the biomedical settlement. University departments in fields ranging from 
chemistry to microbiology underwent rapid growth thanks to support from 
the NIH.31 To this day, the government of the United States, through the 
NIH, remains the largest single patron of biological and biomedical re
search in the world.32

The scale of the support unleashed by the biomedical settlement bound 
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10 introduction

together the scientific and political dimensions of biological research.33 
Biologists who had rarely if ever found it necessary to engage with the 
federal government now found that their intellectual and professional fu
tures were closely tied to the fate of the NIH. They were now both the 
expert agents who advised the federal government and the objects of 
policies formulated in Washington with or without their consent.34 In this 
context, biologists’ definitions of biomedical research and its appropri
ate aims were inseparable from political questions about which biological 
studies to support and what responsibility they assumed to promote the 
health of the nation’s citizens when they sought federal funding for their 
research. Where was the boundary between “pure” versus “applied” re
search? How much could the process of scientific discovery be managed? 
What constituted a “fundamental” understanding of disease, and did it 
come before or after useful treatments?35 Under the settlement, biologists 
were neither the sole nor the most powerful arbiters of these questions.

Viruses and the Making of Molecular Medicine

No field of biology was more marked by the biomedical settlement and 
its conflicts than molecular biology. In 1949 physical chemist Linus Paul
ing published a paper describing how a change in a few of the amino ac
ids in the chain that formed the hemoglobin protein of red blood cells 
caused them to collapse, or sickle; he concluded that the associated con
dition, sickle cell anemia, counted as the first “molecular disease.”36 In 
the ensuing decade, the discovery of the structure of DNA and the role 
it played in synthesizing enzymes, a set of discoveries based on the study 
of E. coli bacteria and the viruses that preyed upon them, added to this  
enthusiasm. Molecular biologists appeared to be in a position to extrap
olate from their laboratory studies to the nature of life as a whole: “Any
thing found to be true of E. coli must also be true of Elephants,” one 
notable set of French molecular biologists declared.37 Enthusiasm for the 
medical dividends of these molecular studies continued to build. In 1976 
the President’s Commission on Biomedical Research declared that the 
“biological revolution” of the previous quarter century, sustained by “en
tirely new disciplines” and powerful “research technology,” would bring 
changes to medicine “unlike anything in the millennia of its existence.”38 
This “revolution” appeared to have reached its fulfillment with the start of 
the Human Genome Project of the 1990s, which spent billions of dollars 
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sequencing the human genome. The project’s premise was that decoding 
the human genome would allow new cures for disease based on compre
hending the molecular mechanisms of illness.

Although these events might suggest a smooth progression from funda
mental scientific research to promising medical applications, the advance 
of molecular biology into medicine was a far more complex process.39 It 
took place not in a single leap, but in three major steps: the first, between 
the 1920s and 1940s, was dominated by biochemistry; the second, in the 
1950s and 1960s, by DNA and RNA; and the third, starting in the 1970s, 
by genetic engineering. Moreover, each of these steps occurred unevenly 
across different nations and institutions. Each transition required consid
erable resources and the intervention of new groups— philanthropy in 
the first case, government in the second, and venture capital in the third.40  
Nor were the “molecules” of molecular biology or medicine the same in  
every case— objects ranging from microbes to vitamins to DNA all counted 
as molecules. Given the long duration and shifting grounds of its emer
gence, it is more accurate to say that molecular medicine did not come into 
being at a particular moment or with a particular discovery but emerged 
out of an ongoing process of “molecularization” that moved in different 
directions and at different rates depending on its context.41 While mo
lecularization advanced in many ways and focused on many objects, the  
aspiration to resolve biological and medical problems through the study of 
their fundamental mechanisms united these diverse efforts.42

Viruses provide an ideal point of departure for exploring the shifting 
scientific ideas and political maneuvers that attended the moleculariza
tion of the cancer problem as a whole. In the late nineteenth century, 
germ theory, the umbrella under which cancer viruses emerged, demon
strated the power of the microscopic world to cause disease, bringing 
older notions of contagion into the laboratory.43 In the early twentieth 
century, the behavior of viruses seemed to hover between that of living 
and nonliving things.44 Even as technological advances such as electron 
microscopy made it possible to “see” viruses in a manner similar to the 
way bacteria could be seen, classifying viruses challenged biology. As the 
French microbiologist André Lwoff commented, “Viruses are Viruses.”45

Despite their ambiguity, viruses’ simplicity made them well suited to 
serve the aims of early molecular biologists, who sought to produce gen
eral laws of biology by studying the simplest possible systems.46 However, 
simple systems based on bacteria, it became clear, were more different 
from the complex eukaryotic cells that comprised animals and humans 
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than molecular biologists had initially suspected. Small animal viruses— 
and cancer viruses in particular— played a critical role in the transfer of 
the methods of molecular biology to these new cells. Before technologies  
such as recombinant DNA, gene cloning, and polymerase chain reac
tions made it possible to manipulate the large genomes of animal cells in  
the 1980s, cancer viruses offered one of the few means available by which 
to isolate and study the genes that controlled cellular growth and develop
ment.47 Through viruses, the process of molecularization became deeply 
entangled with the growth of state sponsored biological research against 
cancer.48

The Infrastructure of Molecular Biology

Speaking at the start of the War on Cancer, James Watson, the codiscov
erer of DNA, voiced the sense that molecular biology was in the midst of 
a profound change. “Biology is beginning to look like physics,” he said. 
While his colleagues had been accustomed to small scale research, they 
now had to “think in terms of multimillion dollar sums . . . to stay with  
the times.” The future work of molecular biology would be in “large col
lective teams,” as it moved to “still larger and larger labs.” Biology, Wat
son concluded, “now runs fast . . . because it offers to improve on our 
lives. Our main support comes from federal funds.”49 Just as the national 
security concerns of the Cold War provided fundamental infrastructure 
for the physical sciences, the campaign against cancer is essential to un
derstanding how new kinds of biological knowledge were produced. In 
following cancer viruses and the materials assembled for their study, I 
demonstrate how the social and material infrastructure for experimental 
biological research created by the biomedical settlement shaped the gen
eration of biological knowledge after the Second World War.50 The study 
of biological objects, such as cancer viruses, took place in terrain prepared 
by the ideological tensions of the American biomedical settlement.51

Scientific infrastructure ranges from buildings to standard materials 
to annual meetings, but in all its forms it draws attention to the reality 
that the practice of science, even when it concerns itself with the small
est objects, remains entwined with broader social and material processes. 
Just as physics relied on reactors, accelerators, telescopes, and gravity 
wave detectors, biomedical research also required considerable mate
rial resources and the coordination of labor across multiple locations, 
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challenges that made the broader political environment an inescapable el
ement of scientific practice.52 With each step forward, the resource needs 
of molecular biology became more baroque, expanding from fruit flies 
and pea plants to radioactive tracers, purified enzymes, specially cultured 
cells, and specific mutant virus strains. The infrastructures that supplied 
these needs played an essential role in allowing individual laboratories 
to pursue their exploration of life at the molecular level.53 For example, 
in the 1940s and 1950s, the US Atomic Energy Commission distributed 
radioactive isotopes to fields from biochemistry to ecology to highlight 
the peacetime uses of nuclear science at a moment when it appeared to 
be a science of death. The production and use of those isotopes illuminate 
relationships between scientists and Cold War politics that are hard to 
grasp from the perspective of the laboratory bench.54

Infrastructural relationships were not incidental to the practice of 
molecular biology, but integral to the kinds of knowledge about life and 
disease that the field was able to create. Starting in the early twentieth 
century, experimental biologists began to abandon the idea that they were 
studying phenomena in nature. Faced with the complexity and diversity 
of life, they responded by exploring living processes through the intensive 
study of a few chosen organisms and experimental systems, such as pure
bred mice, fruit flies, or select viruses. Biologists assumed that the find
ings from these models and systems were applicable to life as a whole.55 
However, the way that organisms— from microbes to mice— became the 
“right tools for the job” reflected factors such as the ease of access to par
ticular species, protests from antivivisectionists, the transparency of cells 
under the microscope, and the tempo of reproductive cycles as much as 
a sense that they were representative of the phenomena biologists aimed 
to study.56

As a consequence, the development of our knowledge of life cannot be 
divorced from the broader social and political infrastructures that anchor 
this inquiry. The experimental systems of biologists were not natural ob
jects but constructions combining practices, scientific theories, and mate
rials. The events that those systems were designed to study were coherent 
only so long as the rest of the system stabilized them. Carrying out experi
mental work required both establishing and maintaining such systems.57 
As the twentieth century advanced, the capacity of researchers to explore 
life on the molecular level was closely tied to the broader material and 
social worlds in which they labored.58 The infrastructure supporting this 
research allowed the study of disease to move from the clinic to animal 
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models, from animal models to in vitro systems, and from in vitro systems 
to the molecular biology we are familiar with today.59

However, our current understanding of the ways that molecular biology 
functioned often stops at the threshold of the university— we do not yet 
have a strong sense of the broader social and material worlds that made 
the work possible.60 The infrastructural dimensions of work in molecular 
biology have often been overlooked because of the individualistic rhetoric 
of scientists and because historians of biology have often selected topics of 
analysis— ideas, individuals, or institutions— that have obscured the entan
glement of biology with larger scale processes.61 In the shadow of debates 
presenting the Human Genome Project as a historically unprecedented 
“big biology” enterprise, it seemed reasonable to assume that molecular 
biology had until then been a matter of “benchwork science conducted in 
small laboratories,” unencumbered by the political or logistical concerns of  
the physical sciences.62 In following the pursuit of viruses at sites across the 
nation, this book suggests the extent of the infrastructure that sustained 
molecular biology’s migration to complex cells.63 Tracing the shifting gov
ernance of biomedicine and health enriches our understanding of how our 
knowledge of life has been produced in the past three generations.

Governing the Future

In cancer research and for the biomedical settlement as a whole, the fed
eral government spent vast sums on biological research with, at best, a dis
tant expectation of therapeutic returns— its choices reflected future pos
sibility rather than present knowledge. Cancer had long been associated 
with the idea of urgency, initially through appeals for “early detection” 
and rapid surgical intervention in the first part of the twentieth century. 
Yet the sense of urgency did not translate into optimism concerning bio
medical research until decades later.64 President Lyndon Johnson’s Com
mission on Heart Disease, Cancer, and Stroke captured this new sense 
of promise in 1964. Although “biomedical science” could not promise 
that it would “lead inevitably to means of prevention and care,” the com
mission’s report urged that “without a major continuing research effort 
there is no hope of advance . . . no cure for those conditions beyond our 
grasp.”65 This pattern may confound our expectation that scientific agree
ment must precede state action. However, the new visions of the future 
developed to support biomedical research fit within the planning culture 
of the Cold War, an era when futurism and prediction were integral to 
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the governing practices of the American state. In this light, cancer virus 
research is better understood in relationship to efforts that extend from 
economic development to space flight and nuclear strategy rather than to 
previous biological research.66

In this context, the parties to the biomedical settlement developed dra
matically different ways of knowing the problem posed by cancer, which 
in turn shaped the legitimacy of possible solutions that the government 
might pursue.67 These different ways of knowing the disease emphasized 
different aspects of the cancer problem toward different ends. For physi
cians and scientists early in the century, the complexity of cancer served 
to limit government intrusion and public demands for a cancer cure. As 
advocates of the biomedical settlement sought to mobilize the federal 
government against cancer, they wrestled with the fact that the medical 
experts they sought to enlist framed the disease as too mysterious to ad
mit state intervention. Finding and highlighting ways to render cancer in
telligible, either by evidence or by analogy with other successful projects, 
was pivotal to spurring state action against cancer. At the NCI, entities 
such as cancer viruses simultaneously served as objects of study in the 
laboratory and objects of bureaucratic control, as managers budgeted for 
anticipated discoveries and challenges.68

When new communities of scientists, such as molecular biologists, 
came into contact with federal anticancer efforts, they too sought to rede
fine the future of cancer research at both a biological and a political level. 
The molecular mysteries of cancer— its status as a “riddle”— served to 
deflate planners’ visions of curing cancer even as it allowed molecular bi
ologists to assert the relevance of molecular studies to solving the cancer 
problem in the distant future.69 Although the process could be confound
ing, such as planning a vaccine for a virus that did not yet exist, it was also 
very powerful. Contention and negotiation over the future was genera
tive: it fostered the growth of infrastructure and aided the emergence of 
new understandings of cancer.70

Nonetheless, during the decades examined in these pages, the promise 
of the biomedical settlement— that diseases were best addressed as a mat
ter of fundamental biology— remained largely unfulfilled. The residents 
of Niles, Illinois, never found out what caused the mysterious cluster of 
leukemia deaths, nor did the NCI produce a leukemia vaccine or manage 
to reduce the incidence of cancer for most of the twentieth century. Crit
ics of this approach charged that the time, money, and intellectual energy 
devoted to laboratory studies of cancer would be better spent addressing 
its social or environmental roots.71 The difficulty of the cancer problem, 
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figure 0.2. The history of federal spending on the National Cancer Institute illustrates the 
dynamic of “boom” and “bust” years that can prevail amid an overall increasing trend. Mo
ments of slowing or declining spending caused acute concern among the biologists who came 
to depend on this funding.

its recalcitrance, offers a case different from those usually covered in the 
history of science and medicine, which focus on moments of success rather 
than frustration.72 Advocates of biomedical approaches to cancer and other 
diseases worked ceaselessly to address this dissonance between their vi
sion of future success and their present frustration.73 This book therefore 
illustrates an important aspect of the development of modern biology and 
medicine: its growth was entangled with particular ways of managing the 
cycles of hope and frustration produced by the effort to spur government 
action by projecting optimistic visions of the future.74 Following the path  
of cancer virus research suggests that these cycles of concern, hope, mobi
lization, frustration, and redefinition are not extraneous to the history of 
biology and medicine, but central drivers of its development.75

Hunting for Cancer Viruses

Throughout the twentieth century, cancer viruses provided an enduring 
target for biomedical solutions to the cancer problem.76 Only a narrow 
segment of research resulted in the successful identification of human 
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cancer viruses, but the activity associated with the American hunt for 
cancer viruses was much broader. Rather than focusing on the narrow 
“successes,” therefore, I follow here the process of the search itself, the 
hopes for vaccination that inspired it, the means by which it was pursued, 
and the impact the search had on American approaches to the problems 
of health and disease. This book is organized into three major parts, each 
reflecting an important moment in the progression of the search for can
cer viruses.

The first part examines how viruses figured in the definition of the 
problem posed by cancer. Overall, I aim to unsettle our idea that discov
eries in the laboratory or the clinic should frame our understanding of 
how solutions to the cancer problem developed. In chapter 1, I offer a 
history of responses to the idea in the early twentieth century that cancer 
might be contagious. For the public as a whole, the idea of contagious 
cancer appeared to be a reasonable, if terrifying, extrapolation from the
ories of contagion and germ theory. For doctors and surgeons, however, 
this idea proved to be a dangerous framing of the cancer problem— their 
advocacy against the idea of cancer viruses reflected both clinical skepti
cism of germ theory and concern for their professional position. In chap
ter 2, I explore the development of the idea of cancer viruses in the first 
half of the twentieth century. Those viruses— first exciting extensions of  
germ theory, then ridiculed as illusions, then embraced as a target of vac
cination— illuminate the contentious intellectual and social relationships 
between laboratory and clinic that accompanied this early effort to mo
lecularize the cancer problem. Chapter 3 considers the cancer problem 
not from the perspective of scientists or doctors but from the perspective 
of medical philanthropists. This group was an influential arbiter of what 
actions the federal government later thought possible against cancer, ac
tions that fit uneasily between its existing tools for the confrontation of 
epidemic disease and the new challenges of chronic illness. Philanthropic 
groups believed that there was more to be lost than to be gained by gov
ernment intervention— a view that persisted through the expansion of 
the federal government during the New Deal and the Second World War.

The second part of the book examines how the biomedical settlement 
enabled the hunt for human cancer viruses. The settlement created spaces 
for charting the future path of cancer research unconstrained by the pes
simism of many experts and, in turn, brought into being new forms of 
infrastructure for biomedical research. Chapter 4 explores how the mobi
lization of the federal government against cancer resulted from negotia
tions among the parties to the biomedical settlement, especially around 
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the promise that cancer was a curable disease. A commitment to curing 
rather than controlling cancer set up new futures and offered new re
sources to biomedical research. However, if a cancer cure were possible, 
the federal government became accountable to its citizens for progress 
toward that cure. Chapter 5 follows the way concerns for the efficacy of 
federal action inspired the development of the Special Virus Leukemia 
Program, and how the effort to plan for a leukemia vaccine created a new 
sense of cancer viruses as “administrative objects.” Chapter 6, through 
three case studies, illustrates the impact that the National Cancer Insti
tute’s planning effort had on the infrastructure of biomedical research. 
Most importantly, when the first attempts at a search for cancer viruses 
were frustrated, the administrators of the NCI chose to delve deeper into 
molecular biology and genetics.

The final part of the book demonstrates the importance of cancer vi
ruses to the rise of molecular medicine as the expansion of molecular 
biology brought its members into contact with the cancer problem. This 
process worked both along and against the grain of the biomedical settle
ment, as molecular biologists sought to redefine the nature of biomedicine 
in accord with their own communal values. Chapter 7 uses the question of 
cancer viruses during the start of the War on Cancer as a means of illumi
nating the political and professional debates over the nature of biomedi
cal research that were instigated by the financial crises of the 1960s and 
new skepticism regarding the slim returns of the biomedical settlement. 
Chapter 8 looks at how molecular biologists came to define themselves as 
a political community through their resistance to the efforts of the NCI 
to plan and direct cancer virus research on a large scale during the War 
on Cancer.

While chapters 7 and 8 emphasize the role that molecular biologists 
played in opposition to the government, the final two chapters explore 
how the infrastructure of virus studies aided the political and  intellectual 
expansion of molecular medicine at a decisive moment in its develop
ment. Chapter 9 focuses on a single laboratory in San Francisco to show 
how the national infrastructure for virus studies created by the War on 
Cancer shaped a particular experimental system that produced a major 
advance in molecular biology: the discovery of cellular oncogenes. Chap
ter 10 returns to the national stage, considering how in the “bust” of the 
War on Cancer in the 1980s, its infrastructure provided an essential po
litical resource for molecular biologists and other advocates of molecular 
medicine even as concern for the environmental and social roots of cancer 
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reemerged. The ways that the communities participating in the biomedical 
settlement grappled with disappointment are important to understanding 
how molecular knowledge redefined what counted as a successful solution 
to the “riddle” of cancer— shifting our focus away from the expectation 
of therapy and toward a deeper understanding of the processes at work in 
the development and growth of life as a whole.
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chapter one

Cancer and Contagion

In 1911 Peyton Rous, a researcher at the Manhattan- based Rockefeller 
Institute for Medical Research, observed a “non- filterable” agent ca-

pable of transmitting tumors in chickens. Rous struggled to characterize 
the ambiguous nature of the agent, which appeared to be neither micro-
bial nor chemical; but with the advantage of considerable hindsight the 
Nobel Foundation recognized his observations in 1966 as the discovery 
of the first tumor virus.1 Two years after his observations, the Rockefeller 
Institute’s front office passed Rous an inquiry from Richard Boardman, a 
lawyer across the Hudson River in Jersey City. Boardman had read in the 
newspaper about Rous’s discovery of a “cancer parasite” and was moved 
to write in the hope that Rous might settle an ongoing dispute between 
him and his wife, Dorcas Boardman.

Both Richard and Dorcas were concerned that there were cancer “germs” 
in the mattress that the couple had inherited after caring for Dorcas’s aunt, 
who had died a decade earlier after a “long illness”— a common euphemism 
for cancer. Richard sought an answer for what he presented as his wife’s con-
cern that there was “the danger of communication of the disease of cancer . . . 
lurking in the use of” a mattress that had been “stained by the drain from the 
cancer.” Richard was inclined to believe that the mattress was safe, not be-
cause he denied that cancer was infectious, but because he doubted that can-
cer “germs” could survive for so long in the mattress. Dorcas maintained that 
they might have survived. Yet her concerns were not so great as to prevent the 
couple from offering the mattress to members of their household staff.2 With 
Rous’s guidance, the institute’s business manager sent a reply, sympathizing 
with the “tyranny that germ theory may exercise over the imagination” and 
assuring Richard that while “it is usually impossible to prove a negative,” in 
this instance there was no “danger of infection whatsoever.”3
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In approaching the history of biomedical objects such as viruses, 
we may feel a strong temptation, rooted in our present understanding 
of these objects, to identify with the views of physicians and scientists. 
Rous’s contributions to the virus theory of cancer, discussed in chapter 2, 
are well known to historians of science and medicine, but the Boardmans’ 
concerns are not. Our first instinct is to regard the Boardmans’ fears of 
cancer germs lurking in a mattress as misplaced, because they fall so far 
from the attitudes we have been trained to cultivate toward cancer. As 
one early twentieth- century textbook on cancer noted, although the idea 
that cancer might be contagious was “the oldest hypothesis of the origin 
of cancer,” it was a hypothesis that “few competent observers” credited 
in the wake of advances in microbiology.4 From the perspective of later 
scientific observers, cancer viruses fit the mold of a classic “unpopular” 
theory later redeemed by new experimental methods.5 As Rous accepted 
the Nobel Prize in 1966, he attributed the record- setting fifty- five- year 
delay between his findings and his award to the “downright disbelief” that  
other cancer researchers directed toward his theories of viral carcinogen-
esis. Only the diligent work of a small number of experimentalists exor-
cised the theory’s unpopularity.6

However, taking the skepticism expressed by a small number of doc-
tors and scientists as our guide to the associations between cancer and 
contagion throughout history can be misleading, no matter how much 
such views resonate with our own. Scientists, physicians, and laypeople 
addressed the larger problem of cancer through different “regimes of per-
ceptibility,” combinations of scientific and social practices that they used 
to make sense of the disease and its causes. Identifying, or failing to iden-
tify, a cancer virus using new experimental methods becomes meaningful 
only in reference to the importance ascribed to these results by others— 
the technology does not speak for itself. Moreover, different social and 
scientific factors can align to create moments of imperceptibility, where 
particular causes of disease are harder to study.7

As the Boardmans’ debate over their mattress indicates, the theory 
that cancer was a viral disease drew upon a deep reserve of public belief 
in cancer as contagious disease. That reserve exerted a powerful influence 
on how the public received scientific research on cancer viruses and tinged 
how cancer specialists approached the question of cancer’s potential in-
fectious causes. Although the laboratory techniques that Rous borrowed 
from microbiology struggled with the nature of viruses, the vehemence of 
the skepticism expressed by members of the oncology community was less 
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about Rous’s theory itself than about broader questions of how medicine 
would relate to laboratory science and public concern about cancer.8

The association between cancer and contagion proved enduring and 
controversial precisely because it existed at the intersection of the differ-
ent regimes of perceptibility created by the techniques of the laboratory, 
the practices of physicians, and the customs of the public. Preserving the 
tension between these perspectives is vital for understanding how can-
cer viruses traveled through early twentieth- century American society. 
We should follow the ways in which different individuals and institutions 
brought cancer viruses into being through their actions and habits rather 
than defaulting to one of those perspectives.9 Cancer viruses became tan-
gible to different groups through perceptual regimes instantiated in per-
sonal habits, architecture, fund- raising, legislation, and education. These 
regimes were shaped not only by clinical practice, hygiene, and laboratory 
analysis, but also by fears of death, concerns about professional authority, 
and hopes for a cure. Approaching the history of cancer viruses with the 
full range of these regimes in mind underscores that the development of 
our present understanding of cancer, contagion, and viruses was far from 
inevitable.

This chapter examines different communities as they approached the 
question of viral carcinogenesis— both before Rous’s discoveries and af-
terward, as the hunt for cancer viruses continued— in the context of the 
expansion of laboratory- based microbial theories of disease associated  
with the so- called bacteriological revolution.10 In addition, it highlights 
how popular ideas about cancer as a contagious disease shaped the recep-
tion of cancer virus research by both communities of professionals and 
the public. Centuries- old beliefs, habits, and practices coexisted with new 
efforts to identify the agents of disease in the laboratory. Nor were physi-
cians and biologists unified in their approach to cancer and contagion. 
At different moments they contended with the interests and concerns of  
many other groups regarding the problem of cancer as a contagious dis-
ease. Cancer specialists struggled not only with concerns regarding stan-
dards of proof but also with the implications of their new theories for 
the social status of the medical profession. In fact, during the years of its 
eclipse as a credible scientific theory, cancer specialists spent considerable 
time and energy campaigning against the idea that cancer viruses existed. 
Their actions strongly suggest that technical debates concerning cancer 
viruses were haunted by the continuing resonance in the public mind be-
tween cancer and contagion.
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Contagion and Cancer

In 1741 the inhabitants of the Saint- Denis neighborhood in Reims, France, 
gathered to defeat a great danger to their community: the first hospital 
in Europe dedicated exclusively to the treatment of cancer. The wealthy 
Maillefer family had planned their hospital on the model of institutions 
for the treatment of consumption, and the hospital’s organizers had iden-
tified what they thought was an ideal site within Saint- Denis: a large build-
ing on a quiet street with extensive gardens that would console patients. 
For the hospital’s prospective neighbors, however, the possibility of such a 
dense concentration of patients with cancer raised the terrifying concern 
that it could spread into the community— particularly that the odors as-
sociated with the rot of advanced tumors would carry the disease beyond 
the hospital walls. The residents of Saint- Denis strenuously protested, 
petitioning King Louis XIV to demand that the hospital be either closed 
or moved far outside the city walls. The hospital’s final location, far from 
the center of Reims, bears vivid witness to the power of popular fears of 
contagious cancer.11

In eighteenth- century Europe, the association between cancer and con-
tagion thrived because both ideas were much more loosely bounded than 
their twentieth- century counterparts. Cancer was capable of manifesting 
itself in numerous terrifying forms. Ulcerating tumors stank, and indi-
viduals stricken with cancer suffered from vomiting or convulsions in the 
late stages of the disease. Rot and corruption dominated descriptions of 
the illness. Cancer “ate” its way into surrounding healthy flesh and “dis-
solved” ligaments, bones, and tissue. Surgeons who attempted to ampu-
tate external tumors were confounded by the apparent ability of “seeds” 
of tumors to spread into other parts of the body. The grisly deaths caused 
by cancer and the limited treatments available fostered the sense of taboo 
and fear that followed the disease well into the twentieth century.12

Meanwhile, the doctrine of contagionism, which developed during the 
fifteenth century to explain the spread of plague and other diseases, read-
ily encompassed cancer. Contagionism called attention to the transmission 
of disease through contact with a wide range of objects. The idea of tumor 
“seeds” within the body merged easily with the general idea of seeds of 
contagion.13 Moreover, the classification of disease under humoral theory 
grouped cancer with other potentially contagious inflammatory diseases, 
such as syphilis and tuberculosis. Writings from Babylonian, Persian, 
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Indian, Greek, Arabic, Roman, and European sources all described in-
stances of “tumors,” which included lumps, cysts, inflamed masses, and 
other kinds of swelling, and their occasional treatment.14 Seventeenth-  
and eighteenth- century observers reported numerous cases in which can-
cer passed from one person to another by different mechanisms varying 
from sexual intercourse to sharing a pipe or a cup.15

Further study of cancer in the nineteenth century did nothing to dis-
pel the fear of contagion, especially the chance of transmission through 
sexual activity. The first deliberate efforts to collect statistics on the inci-
dence of cancer strengthened its association with sexually transmitted in-
fections. In 1842 Domenico Antonio Rigoni- Stern, the provincial surgeon 
of Verona, Italy, published a paper reporting the results of his effort to  
establish relative rates of cancer deaths. He claimed that cancer was eight 
times as common in women as in men, a finding likely explained by the 
relatively greater ease of diagnosing cancers of the breast and women’s 
reproductive organs. Rigoni- Stern became infamous for the claim that 
married or widowed women, who had presumably been sexually active, 
were far more likely to die of “uterine cancer” than nuns, who were pre-
sumably celibate.16 This finding fit well into the views of female sexuality 
and health common among male European medical authorities. Cancer, 
like syphilis and other venereal diseases, was a disease best prevented by 
avoiding promiscuous sexual behavior.17 Associations between sex and 
cancer infection endured into the twentieth century. The life insurance 
actuary Frederick Hoffman, whose own compilations of statistics played 
a prominent role in the discussion of cancer as a public health problem, 
addressed the chances of the transmission of the disease via “marital in-
fection” in 1915, albeit with the aim of assuring his readers it was not a 
possibility.18

Other efforts to collect systematic epidemiological data about cancer 
also deepened the sense that cancer was contagious. In the late nineteenth 
century, the British physician Alfred Haviland collected detailed statistics 
regarding deaths from cancer, heart disease, and other diseases through-
out England. Haviland used these statistics to argue for the importance 
of local geography to the incidence of cancer. He explained that higher 
rates of cancer in valleys were due to a lack of ventilation by winds, cre-
ating conditions similar to those where the “malarial air of rheumatism 
lurks.”19 This suggestion, which drew on the miasmic theory that disease 
might spread through contact with unhealthy odors, recalled the potential 
connections between cancer transmission and odor that had concerned  
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the denizens of Saint- Denis. A contemporary of Haviland speculated 
that the smell of advanced cancer could spread the disease by traveling 
throughout a house and down into the stomachs of healthy residents. 
Drinking brandy was considered an effective way to ward off those dan-
gerous odors.20 This recommendation spoke to the expansive understand-
ing of contagion and cancer before the advent of germ theory: while the 
means of cancer’s transmission might be particulate, as in the case of the 
passage of cancer seeds, it could also draw on broader associations of dis-
ease transmission with miasma, odor, and rot.21

Shifts in the classification of cancer associated with tissue and cell the-
ory did not displace its associations with contagion. At the start of the 
nineteenth century, medical theorists focused on the outer symptoms of 
tumors, which they placed alongside other forms of inflammation. Since 
many cancers developed within the body and techniques of surgery were 
limited, the physiological structures associated with the disease remained 
obscure. At best, surgeons might examine tumors in the course of an au-
topsy. In the 1840s the development of the compound microscope and 
the expansion of physician training at sites such as the Paris clinics al-
lowed the study of tumor cells by anatomists and pathologists. Cell theory 
provided a new approach to the study of disease, one that sought to de-
termine the structural differences between “normal” and “pathological” 
tissues. However, even with the microscope, pathologists continued to 
engage in heated debate regarding the classification of cancer cells and 
the degree to which malignancy could be determined from cell structure 
alone.22 Techniques attending the use of the microscope— such as tissue 
staining to highlight cell structures— remained contentious. These points 
of controversy and confusion left cell theory on the margins of medical 
approaches to cancer.23

Even after the microscope and cell theory gained greater acceptance, 
observers debated whether cancer was in fact different from other dis-
eases of inflammation such as tuberculosis or syphilis. One British sur-
geon saw all three of these diseases as part of a pathological progression. 
He maintained, based on advances in the microscopic examination of dis-
eased tissues, “it is now thoroughly well established that there exists every 
possible gradation between simple glandular enlargement and cancer of 
the glands. It is impossible to say where one begins and the other ends.”24 
A generation later, another British physician emphasized the striking re-
semblance between the “chronic swelling” produced by tuberculosis or 
syphilis and the tumors of “malignant disease.”25
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Cancer after Germ Theory

The advent of germ theory, discussed further in chapter 2, dramatically 
redefined the effort to identify the causes of disease. Germ theorists 
promised that they could isolate and guard against agents of illness that 
could not be perceived through sight, touch, or smell, ushering in what 
historians have identified as a quintessentially “modern” view of disease 
grounded in the laboratory rather than in the clinic.26 Public concern 
about intangible germs reshaped everyday practices ranging from toilet 
design to the taking of Communion.27 Germ theory also implied relation-
ships between the laboratory and clinic and between the laboratory and 
the natural world that were the topic of impassioned debate. As different 
communities became embroiled in these controversies, the range of ap-
propriate applications of germ theory remained far broader than in its 
later incarnations.28

The protean nature of germ theory as it moved among these differ-
ent communities permitted the search for a cancer microbe to coexist 
alongside the search for the microbial causes of numerous other diseases. 
Suggestively, cancer bore similarities to certain kinds of tuberculosis and 
syphilis. All three diseases killed slowly, produced strange growths, and 
seemed to be caused by a complex mixture of environmental, hereditary, 
and behavioral factors. To some medical practitioners, the behavior of 
tumors within the body, including their ability to distribute “seeds” in 
the blood, seemed remarkably like the behavior of microbial infections. 
“From a surgical point of view cancer is a spreading infective process, and 
the cancer cell contains elements of infection,” one paper explained.29 An-
ecdotal evidence suggested that transmission occurred. In several circum-
stances, surgeons operating on tumors appeared to subsequently develop 
cancer from cuts or needle pricks.30 A Canadian physician warned that 
“a woman suffering from cancer of the uterus may, during a year or two 
before she dies, infect her friends and neighbors with cancer of the face, 
lips, throat, stomach and intestine.”31

As with other diseases, efforts to identify a cancer germ repurposed 
older theories of its transmissibility grounded in contagion or miasma, but 
it did not displace them. In the 1880s the leadership of the New York City 
Women’s Hospital rebuffed the offer of the wealthy Astor family to fund 
the construction of a cancer treatment pavilion, on the fear that it might 
contaminate the rest of the hospital. While the trustees of the hospital 
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figure 1.1. Hospital architecture embodied concerns for cancer’s transmissibility. The open 
floor plan of this ward of the New York Cancer Hospital incorporated large, light- filled spaces 
that were intended to slow the spread of contagious diseases. Image courtesy of Memorial 
Sloan Kettering Cancer Center Archives.

were not convinced that cancer was contagious, they felt that caution was 
best. When the New York Cancer Hospital opened a few years afterward, 
its austere architecture adopted design features of contagious disease 
wards— its circular towers were designed to inhibit both the growth of 
germs and the spread of odors.32

Likewise, the miasmatic cancer regions that Haviland and other medi-
cal geographers had identified offered medical thinkers evidence of can-
cer infection clusters. In the early 1890s, after reading reports of cancer 
houses in Normandy, France, D’Arcy Power, a fellow of the Royal Col-
lege of Surgeons, started to investigate regions of high cancer incidence 
in England and Wales. Power collected soil from the sites that he visited 
with the aim of cultivating a “hypothetical cancer organism.”33 Power’s hy-
pothesis blended contagion with other possible causal factors. “No one,” 
Power conceded, “imagines that cancer is directly contagious. It is possi-
ble, however, in epidemic cases that there may be some condition of earth 
or water common to all the individuals attacked, in which the organism, if 
such there may be, may pass a part of its existence.”34 Indeed, during the 
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1880s and 1890s, numerous researchers in Europe and the United States 
attempted to identify a cancer germ or parasite.35

In 1894 Samuel Shattock, the recipient of the prestigious Morton lec-
tureship of the Royal College of Surgeons, devoted his talk to the ques-
tion of cancer as a “microparasitic disease.” This question raised substan-
tial conceptual as well as experimental issues. Was cancer one disease or 
many? If it was many, was each type caused by its own parasite? Shattock 
described his efforts to isolate and cultivate a cancer parasite from tumors 
as well as from the soil of cancer houses, similar to those in Normandy, 
and use the parasite to inoculate experimental animals. Fortunately for 
these animals, no cancer developed. However, the inconclusive nature 
of Shattock’s experiments did not amount to evidence of the parasite’s 
nonexistence. Rather, he concluded, “the conditions were not sufficiently 
natural” in laboratory cultivation.36

Buoyed by the therapeutic potential of discovering cancer microbes 
or parasites, several cancer research institutions established in Germany 
and the United States shortly after the turn of the twentieth century cen-
tered their efforts on finding such organisms.37 Roswell Park, the famed 
director of an eponymous institute of cancer at the University of Buffalo  
in the state of New York, assured the American Medical Association that 
“the parasitic or infectious theory of cancer is the only one which satisfies 
the needs of both the pathologist and the clinician. . . . Are we now to go 
further and say that parasites have been discovered? For myself I do not 
hesitate to answer positively in the affirmative.”38

Many critics of germ theory were unconvinced by these promises. Wil-
liam Roger Williams, author of the widely cited Natural History of Can-
cer (1908), provided a withering capsule history of the search for cancer 
microbes: “The original investigators of the so- called parasites of cancer 
entered on their quest . . . armed with novelties— with new microscopes 
of unprecedented magnifying power, with new stains of great complex-
ity, and with new techniques of equal elaboration. Instead of first testing 
these inventions on normal tissues, on known morbid conditions, and on 
known microbic diseases, they rushed straight away to the study of the 
minute anatomy of cancer— a disease that had never before been inves-
tigated with this degree of elaboration.”39 Similarly, a magazine article 
entitled “More Cancer Germs” editorialized that the “cocksure” faith of 
new investigators in their “own particular germ[s]” provided “sufficient 
proof of the extreme uncertainty of the whole subject.”40

The flexibility of the germ and parasitic theories often frustrated these 
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critics. “It does not appear that any of the numerous observers in this 
field agree with others as to what a cancer parasite is,” a vexed pathologist 
wrote. “Bacilli, cocci, protozoa, blastomycetes, and moulds have all had 
their day. Each new observer points out the mistakes made by his prede-
cessors and brings forward a new parasite to be in turn demolished by his 
successors.”41 Of the many attempts to find an infective agent responsible 
for cancer, a pathologist wrote that “the laborious search for such an ex-
tremely hypothetical creature should no longer be suffered to divert the 
energies of investigators from those numerous domains of cancer pathol-
ogy in which valid work remains to be done.”42

Confronted by these criticisms, advocates of the idea that cancer was 
contagious could point to the difficulties of applying germ theory to other 
contagious diseases in order to maintain faith in their search. For these 
advocates, the absence of evidence for a cancer microbe in particular in-
stances did not count as evidence of its absence in the disease. An edi-
torial in the Lancet reminded readers, “That we have not yet found the 
organism and that we cannot cultivate it on artificial media cannot be 
advanced as arguments against the microbiotic theory” of cancer, since 
similar arguments had been raised and dismissed in the case of infectious 
diseases such as tuberculosis and tetanus. “There is sufficient probability 
of its truth to make it our duty to be very careful of spreading the disease,” 
the editorialist continued, warning readers to treat “all discharges of can-
cerous growth” as well as the “stools of patients with cancer of the bowel” 
as potentially hazardous. Surgeons treating cancer should take it as their 
duty to be “very careful of spreading the disease.”43

Shortly before Rous’s observations, an informed layperson assessing 
the possibility of a cancer microbe had no reason to credit the theory  
any more or less than the microbial explanations advanced for a host of 
other diseases. The Control of a Scourge (1907), a book on cancer aimed 
at the public, deferred to this sentiment. While asserting that readers 
“may take it as a fact that the chance is infinitesimal, if indeed it exists 
at all, of their ‘catching’ the disease from anybody suffering from it,” the 
book’s chapter on prevention nevertheless contained “simple directions 
to follow by those who are in attendance on patients suffering from can-
cer” or “are about to occupy rooms previously inhabited by a victim of the 
disease.”44 In a satire on the “bacillus of love,” a writer for the Baltimore 
Sun conceded that though bacteriological researchers had not yet identi-
fied such an amorous microbe, “the same is true of the cancer bacillus, of 
whose existence little doubt is entertained.”45

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



30 chapter one

Cancer, Contagion, and the Public

After a generation of interest in the possible applications of germ theory 
to cancer, such theories went into abeyance around 1915 and then revived 
in the 1950s. In this sense, Rous’s observations and their reception marked 
the end of a historical moment rather than the beginning of a new research 
path. Chapter 2 addresses the scientific and medical challenges that at-
tended Rous’s and others’ efforts to identify cancer viruses in the labora-
tory, but these were not the only barriers theories of viral carcinogenesis 
faced. The principal resistance to further inquiries into cancer and conta-
gion came from the emerging discipline of oncology, from the Greek root 
onkos, or mass, a term selected to minimize the taboo associated with can-
cer in the public imagination.46 The surgeons and clinicians of the oncology 
community viewed the theory of contagious cancer as both incorrect and 
a menace to the relationship they sought to build with the public. In fact, a 
key aim of the surgical profession’s broad- ranging campaign to educate the 
public about cancer was the effort to break the long- running connection 
between cancer and contagion. This education campaign helped explain 
the apparent eclipse of viral theories of cancer, but it provides an ironic 
testament to the persistence of contagious cancer in public consciousness.

In the same decades when germ theorists were drawn to the idea of 
preventing disease through understanding its microbial causes, surgeons 
became convinced that new operational techniques could treat cancer. 
The introduction of antisepsis and anesthesia during the nineteenth cen-
tury allowed patients to endure and survive far more brutal operations 
than ever before, including those reaching deep within the body to re-
move previously inaccessible tumors. The response of the clinical com-
munity to cancer in the late nineteenth century was powerfully shaped by 
these surgical advances. Famously, William Halsted, a surgeon at Johns 
Hopkins University Medical School, popularized the technique of radi-
cal surgery, aiming at the total removal of tumors. Based on his apparent 
success treating women with breast cancer, and the success of others who 
adopted similar methods, surgeons came to believe that the treatment of 
cancer in its early stages offered the best hope of survival, a conclusion  
with long- lasting implications for how they discussed the cancer problem 
with the public. The surgical approach to cancer emphasized early detec-
tion, a message that sought to minimize the general sense of stigma as-
sociated with cancer and bolster medical authority.47
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Before educating the public, surgical oncologists would need to ad-
dress the obstacle presented by general medical practitioners, whom they 
regarded as untrained in the diagnosis of cancer and unduly pessimistic 
about the chances of a cure. The ignorance and pessimism of the medical 
community, surgeons asserted, created a further problem: cancer served 
as a site of attacks on the authority of the medical profession as it at-
tempted to contain the “quackery” of alternative health practitioners. 
Faced with the meager offerings of “orthodox” cancer care, patients fa-
vored treatments ranging from mineral waters to electrical stimulation. 
Physicians struggled to impose distinctions between the promising new 
treatments and fraud.48 Nor did doctors possess many means to bring het-
erodox cures under control. It took almost three decades of legal action to 
bring about a ban on one notorious cure, a caustic chemical paste applied 
to tumors, known as the Hoxide treatment.49

New surgical treatments promised to resolve these challenges. An ar-
ticle in the Ladies’ Home Journal, published with the endorsement of the 
Congress of Surgeons of North America, provides a template for the early 
detection message. Scientific research into cancer’s causes, microbial or 
otherwise, appeared to be of little use: “The nature of cancer is as hidden 
as the methods to be pursued in cure of it are clear. Some believe it to be 
caused by a germ, others not. There is no proof. Some consider it due to 
diet, others deride this. There is no proof. Some hold by environment, 
others by hereditary tendency. Each may freely make his own guess, for 
nowhere is there proof.” Confronted by the “inexplicable” origins of can-
cer, the best advice was to never “defer an advised operation even for a 
day . . . [or to] shrink from the merciful knife, when the alternative may 
be the merciless anguish of slow death.” The principal danger was “not in 
surgery, but in delayed surgery.”50

This educational mission was taken up by the American Society for the 
Control of Cancer (ASCC), the precursor organization to the American 
Cancer Society, when it was founded in 1913 by a combination of surgeons 
and philanthropists. Alongside its other activities, which are discussed fur-
ther in chapter 3, public education was a critical part of the ASCC’s work. 
As it took form, the ASCC prioritized shaping the public perception of 
cancer.51 The organization’s vice president noted that the ASCC’s first task 
was to confront “skepticism both in the ranks of the profession and among 
the people.”52 An organizer foresaw that the control of cancer would ar-
rive only after the “education of every single adult of the community.”53 
The society pursued two major goals: attacking what it considered overly 

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



32 chapter one

figure 1.2. In the 1920s and 1930s, the ASCC emphasized the importance of early detection 
and early treatment by radiation or surgery. Image courtesy of US Public Health Service.

optimistic, or “quack,” promises of cancer cures, and promoting the mes-
sage that with early detection, surgery was the best means of treating can-
cer. In light of these aims, the creators of the society’s program of public 
education were chiefly concerned with avoiding or minimizing discussions 
of the causes of cancer that undermined its emphasis on early detection. 
During the interwar years, the ASCC took particular pains to minimize the 
idea that cancer might be hereditary or contagious. Indeed, rebutting these 
notions alongside an attack on heterodox treatments were major points of 
the ASCC’s first educational film, The Reward of Courage, in 1921.54
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In the eyes of the ASCC’s representatives, the suggestion that cancer 
might be contagious committed the double sin of stigmatizing those who 
had cancer and promising the possibility of a nonsurgical “cure”— the 
kind of promise that blurred the lines between medical authority and 
“quackery.”55 The doctors whom the society arranged to speak to local 
groups, from Manhattan to Huron, South Dakota, affirmed these points 
during the society’s annual “Cancer Week” education campaigns in the 
1920s.56 At an international meeting on cancer, oncologist James Ewing, 
speaking for the ASCC, was especially quick to dismiss any claims that 
cancer might be caused by a “universal parasite.”57 The ASCC reminded 
readers of its bulletins that although doctors and nurses were in daily con-
tact with patients with cancer, there was “no recorded instance of one 
case of cancer giving rise to another.” Cancer patients needed sympathy 
and comfort rather than the “unnecessary and uncharitable” treatment 
that belief in their contagiousness fostered.58 At the conclusion of an in-
ternational meeting on cancer convened by the ASCC at Lake Mohonk, 
New York, in 1926, the assembled experts issued a statement intended 

figure 1.3. Early educational materials by the ASCC. The need to deny the contagious or 
hereditary nature of the disease supplies proof of how widespread the ASCC thought these 
beliefs were in the 1920s. Courtesy of the US National Library of Medicine.
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figure 1.4. This DDT advertisement, from the Saturday Evening Post in 1926, references 
the Nobel Prize awarded in that year for proof that a parasite in cockroaches could transmit 
cancer from one rat to another, which readily fit cancer alongside other vector- borne illnesses 
that pesticides could combat. Courtesy of Science History Institute, Phil Allegretti Pesticide 
Collection.
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to convey the most important facts about cancer to the public. The first 
two points denied the possibility that cancer was contagious or inherited. 
Rather than vaccination, the statement suggested that control of cancer 
hinged on “personal hygiene . . . and the intelligent cooperation of patient 
and physician.”59

Even as the ASCC’s program of education unfolded, cancer continued 
to resonate with contagion. For every article encouraging early coopera-
tion with doctors, many others on cancer germs or cancer houses contin-
ued to appear.60 Associations between cancer and food remained fraught. 
State and municipal sanitary codes barred individuals with cancer— like 
those with infectious or contagious disease— from handling, preparing, 
or serving food.61 When Rous wrote to Campbell’s Soup of Camden, New 
Jersey— a major processor of chickens— to seek further examples of 
tumors to study, the manager of the plant reluctantly agreed to provide 
space for one of Rous’s assistants to examine birds. Fearing that custom-
ers might associate their soup with cancer, Campbell’s staff insisted that 
the company’s name should not be “mentioned directly or indirectly in 
connection with the results, or that such experiments were carried out in 
our establishment.”62

A similar tension emerged around the 1926 Nobel Prize awarded to 
Danish doctor Johannes Fibiger, who claimed to have identified a cancer- 
causing parasite in cockroaches.63 While the dramatic collapse of this 
theory in the wake of subsequent replication attempts further diminished 
the scientific standing of the hunt for cancer microbes, the association 
of these findings with advertisement campaigns for pesticide showed the 
rapidity with which such theories could be adapted to the interests of the 
broader public, and thus the wariness that researchers felt in discussing 
theories associating cancer and contagion.

Viruses as Heterodoxy

The ASCC’s vigorous efforts to decouple cancer from contagion betrayed 
its anxiety about the fact that a substantial portion of the public still main-
tained these associations. Cancer viruses provided a way of talking about 
treatment that did not emphasize surgery, amplifying their association 
with other, heterodox therapies that the ASCC sought to discourage. As 
chapter 2 discusses, between the two world wars viruses existed at the 
limits of laboratory regimes of perception. Given that viral theories of 
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cancer still resonated with widespread beliefs in contagion, the reception 
of claims regarding their existence was as much a matter of the observer’s 
status relative to the growing community of cancer specialists as of any 
set of laboratory findings.64 The surgeons and physicians who formed the 
core of that community were more concerned with the implications of mi-
crobial theories of cancer and how they were communicated to the public 
than with their validation within the laboratory.

This was particularly true of attempts to visualize cancer viruses. Ef-
forts to provide visual proof of the association of viruses with cancer 
seemed to be the most direct analog with the laboratory conventions of 
microbiology. Experimentalists often announced the identification of can-
cer “germs” and provided images of those agents.65 However, the size of 
the most likely candidates for an infectious agent for cancer were beyond 
the resolution of the optical microscope, requiring new kinds of visualiza-
tion technology. In 1925, for example, William Gye, a British pathologist 
working at Britain’s National Institute for Medical Research, announced 
that he had confirmed Rous’s results on the infective nature of “filterable 
agents” obtained from chicken tumors. Furthermore, Gye’s colleague, 
using an ultraviolet microscope, claimed to have seen the virus itself in 
tumor samples, promising that a causal link might be established.66 These 
results were met with immediate excitement, and a crowd of thousands 
greeted the announcement of the results in London. Gye was reported to 
be hard at work developing a vaccine or serum against cancer.67

Among cancer specialists in the United States, the skeptical reception 
accorded to Gye’s experimental findings was closely connected to disap-
proval of the manner in which he had made them known. In the eyes 
of this community, Gye had committed two cardinal sins: announcing his 
findings to the press before they were officially published, and actively dis-
cussing a nonsurgical cure for cancer. “It was unfortunate,” one patholo-
gist wrote, “that the normal process” of preparing for publication had 
been “totally reversed.”68 Another writer noted tartly that Gye should 
have “shut up and cured one hen first,” before “talking about a cure in 
human beings.”69 One of Rous’s colleagues at the Rockefeller Institute, 
James Murphy, appealed to the London Times that “speculation and an-
ticipation . . . should be strongly deprecated.”70 An editorial in The New 
Republic castigated newspapers whose coverage had raised Gye’s results 
to the level of sensation: “Who cares for scientific caution when cancer is 
concerned. . . ? Who of the millions that are devouring the stories of ‘the 
great new scientific discovery’ have paid any attention to the actual details 
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set forth in the news? . . . The cause of excitement is the dreadfulness of 
cancer, not the magnitude of scientific achievement.”71 The following year, 
1926, marked the ASCC’s most strenuous denials of the idea that cancer 
was contagious.

Claims to have seen cancer viruses emerged from less orthodox quar-
ters as well. In 1931 the Science News- Letter reported the invention of 
a “super- microscope” by First World War navy veteran Royal Rife in 
Southern California. Incorporating polarized light and quartz prisms 
into his design, Rife claimed, allowed him to view viruses where previous 
microscopes had failed.72 Soon thereafter, in Science, a doctor using the 
microscope claimed to have seen images of minute “filterable bacteria,” 
a synonym for viruses.73 While the “Rife Microscope” now has a reputa-
tion as a heterodox cancer treatment, given that Rife claimed to be able 
to destroy cancer viruses as well as visualize them, many of its original 
advocates were also involved in mainstream debates over the nature and 
detectability of viruses in the 1930s.74

Boundaries that appear clear in retrospect were more difficult to draw 
at the time of these observations. While many cancer researchers had no 
trouble dismissing Rife himself, claims that the Rife Microscope enabled 
researchers to “see” viruses substantially resembled the claims of advo-
cates of another new laboratory tool: the electron microscope.75 One set 
of authors wrote of both the Rife and electron microscopes that “with the 
aid of its new eyes . . . Science has penetrated at last beyond the boundary 
of accepted theory and into the world of viruses with the result that we 
can look forward to discovering new treatments and methods of combat-
ing the deadly organisms.”76

figure 1.5. After the rise of the optical microscope, numerous claims emerged that cancer 
microbes had been detected. These efforts speak to the resonance of “seeing” viruses, even if 
they proved elusive under the microscope. This headline is from the Salt Lake Tribune (1912).
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Nonetheless, the broader efforts by the ASCC and medical authori-
ties to decouple cancer from its long- standing associations with contagion 
succeeded in chilling the reception of viral theories of cancer during the 
1920s and 1930s. For instance, in the course of foster nursing experiments  
with mice at the Jackson Laboratory, a center of experimental genetics, 
a researcher identified a “milk factor” that caused a higher incidence 
of mammary tumors. He feared, however, that his fellow researchers 
would receive a viral explanation as an “unrespectable proposal,” so he 
demurred from offering it.77 Concern regarding the propriety of discuss-
ing cancer viruses shadowed researchers long after scientific opinion on 
cancer viruses started to shift. Speaking with a representative of the US 
Public Health Service arranging a lecture on his tumor virus work in 1957, 
Richard Shope, one of Rous’s colleagues in the 1930s, cautioned, “The ad-
dress is written for a professional audience of knowledgeable scientists.” 
He resisted passing a copy to the New York Times on the grounds that it 
might cause “alarmist headlines if the material is lifted out of context.”78

The Persistence of Contagionism

Many of the points of contention and ambiguity that shadowed cancer vi-
ruses in the early twentieth century were resolved by the revision and ex-
tension of laboratory regimes of perceptibility. Yet public actions and at-
titudes continued to demonstrate the resonance of thinking about cancer 
as a contagious disease. In 1962, Life magazine ran a feature article, sub-
sequently republished in Reader’s Digest, on cancer viruses. It prompted 
an outpouring of correspondence to Rous, then recognized as a leading 
cancer virologist. Rous complained that “a host of letters has come to 
me, fearing or imploring what to do.”79 The questions reflected a remark-
able continuity in the concerns that the general public brought to cancer 
germs, despite years of education efforts and major changes in expert un-
derstandings of the nature of viruses and cancer. One writer speculated 
that the cancerous growths he observed in cattle contained viruses that 
were passed to people who ate beef.80 A worried husband wrote to Rous 
asking whether cancer could “be transmitted from husband to wife in nor-
mal sexual intercourse.”81 Another correspondent wrote that she was so 
troubled that she “could not sleep” after reading the article and learning 
that the previous inhabitants of her apartment had all died of cancer. “Is 
there anything I can do to kill the germ or whatever it is that cancer leaves 
behind it[?],” she implored Rous.82
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figure 1.6. The association of cancer with contagion has persisted for more than a century 
in the face of medical denials. This t- shirt appeared for sale in 2017. Image courtesy of Zinga-
WorldWide LLC.

Rous responded to all of these with assurances that even if cancer vi-
ruses existed, cancer was not contagious. However, such exchanges show 
the degree to which contagion and germ theory persisted as regimes for 
thinking about cancer viruses in society as a whole. A writer diagnosed 
with cancer in the early 1970s reflected on her fear that a cancer virus 
had been passed to her by her pet dog, despite assurances “over and over 
again that this was impossible.”83 More tragically, in 1973 a sufferer from 
Hodgkin’s lymphoma committed suicide shortly after reading a report 
suggesting that there was a virus responsible for the disease. He left a note 
stating that “he couldn’t bear the idea of infecting his family.”84

For many, approaching cancer as a viral disease did nothing to lift the 
fear and pessimism that the illness inspired. However, in the middle of the 
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twentieth century, these two responses to the idea of cancer viruses, one 
concerned with medical authority, the other with long- standing beliefs in 
contagion, were joined by the biomedical view of cancer viruses formed 
in the laboratory. Unlike previous moments of fear or anxiety, this vi-
sion drew strength from the promise that identifying the agents of cancer 
marked an important step toward protection from the dread disease.
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chapter two

Cancer as a Viral Disease

Speaking at a women’s club in Columbia, Missouri, on a winter evening 
in 1922, M. P. Neal, a local surgeon, endeavored to refute the belief that 

cancer was contagious. He offered a grisly but dramatic report as proof. 
One of “America’s foremost surgeons” had inserted fragments of tumor 
tissue into cuts in his arm but had not developed cancer.1 Neal’s attempt, if 
not this dramatic report, was typical of the efforts of clinicians and surgeons 
to disassociate cancer from contagion in the 1920s and 1930s, as traced in 
chapter 1. While the link between cancer and contagion might have been 
firmly fixed in the public mind, the use of the biomedical sciences to study 
cancer faced considerable skepticism from doctors. Since the advent of 
germ theory, experimentalists’ claims about the microbial causes of disease 
had faced recurrent skepticism from clinicians, who argued that germs were  
either unable to cause disease on their own or irrelevant to its treatment. 
As Neal no doubt knew, the dramatic self- experiment he cited recalled a 
notorious demonstration by Max Joseph von Pettenkofer, a nineteenth- 
century Bavarian anticontagionist, who had ingested samples of the bacte-
ria Vibro cholerae to disprove its association with the disease cholera. Ten-
sions between clinicians and experimentalists concerning the application of 
germ theory to cancer were especially strong. “Cancer,” wrote the surgeon- 
author of The Cancer Problem (1914), “fails to come within the category of 
the revolutionary change in the conception of etiology and treatment which 
has marked the discovery of the infective nature of many diseases.”2

The objections encountered by advocates of cancer virology as they 
sought to establish the experimental and clinical credibility of their work 
provide a case for thinking about the challenging process of molecular-
izing a disease.3 As several generations of scholarship have now demon-
strated, there was no singular “bacteriological revolution” in the practice 
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of medicine after the advent of germ theory. Germ theory was both a 
cultural phenomenon drawing on long- standing views about how disease 
spread and the bellwether of a new way of pursuing medicine in the labo-
ratory. Belief in microscopic agents of disease encountered many chal-
lenges from physicians, even those sympathetically inclined toward “sci-
entific medicine.”4 The challenges were even greater as studies of cancer 
moved to virology, which grappled with the ambiguous nature of viruses 
for far longer than bacteriology did with bacteria.5 These first studies 
opened inauspiciously with the difficulties that Peyton Rous encountered 
in his study of the viral origins of chicken tumors, and they floundered 
further on the ongoing doubts that clinicians expressed toward microbiol-
ogy as a whole.

The revival of theories of viral carcinogenesis among physicians and 
biologists in the 1950s rested on two major developments in the regimes 
of perceptibility that these communities brought to bear on the microbial 
world. First, new technologies and techniques created a strong set of anal-
ogies between bacteriology and virology and suggested the abundance of 
cancer viruses in nature. However, those findings would have had a much 
more limited impact without a second development: the acceptance of 
the relevance of biological research to the practice of clinical medicine 
as a whole. The growth of bacteriology created a new set of spaces for 
biomedical research at universities and philanthropies, in which the pur-
suit of cancer viruses as molecular entities could continue independent 
of medical skepticism. Later, vaccination provided a framework in which 
to understand the therapeutic potential of virus research. The techniques 
of the laboratory, coupled with the growing credibility of vaccination as 
a strategy against viral diseases, combined to elevate cancer viruses as 
targets of biomedical study at midcentury.

Germ Theory and the Clinic

At the outset, the relationship between microbiology and practicing doc-
tors was much more contentious than its later widespread use might sug-
gest. Unlike other efforts to incorporate microscopy or chemistry into 
medical practice, germ theory proposed a new way of thinking about dis-
ease that was as controversial as it was potentially powerful. Nor were the 
objections raised by its critics tangential: they highlighted important ques-
tions about infection, causality, and the relationship of biology to med-
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ical practice that bedeviled cancer virus studies well into the twentieth 
century.

Robert Koch’s identification of a tuberculosis microbe in 1882 pro-
vided an exemplary case for the use of laboratory methods to identify 
the causal agents of disease. Koch’s success with tuberculosis rested on 
two innovations, one conceptual and one experimental. Experimentally, 
from his previous studies of pathology, Koch devised a means of grow-
ing, or culturing, tuberculosis microbes in petri dishes and then reveal-
ing their existence under the microscope by means of new methods for 
dyeing, or staining, microbes in the cultures. Conceptually, he devised a 
set of steps for establishing a causal relationship between the presence of 
microbes and the manifestations of disease; later these became known as 
Koch’s postulates. Koch prepared pure cultures of microbes from a case 
of tuberculosis and used the pure cultures to infect healthy laboratory 
animals (guinea pigs were the unfortunate subjects in his tuberculosis ex-
periments). After the animals sickened, Koch used his culture and stain-
ing techniques to show that their tissues now contained tuberculosis mi-
crobes. These steps— associating an agent with a disease, making a pure 
culture of the agent, infecting a healthy organism, and re- isolating the  
agent— created a powerful technique for revealing the causal power of 
the unseen world. Koch, however, took pains to claim only that he had 
shown that bacteria could be a cause of tuberculosis; he did not claim they 
were the sole cause. The extension of this potent framework to human 
diseases faced obstacles. Experimental steps such as infecting healthy or-
ganisms presented ethical challenges if using human subjects directly and 
practical challenges if substituting animal proxies for human bodies.6

While Koch might have focused on how to infer causality, his French 
counterpart, Louis Pasteur, promoted the therapeutic potential of using 
laboratory methods to isolate the agents of disease. In 1880 Pasteur in-
formed the Paris Academy of Sciences that he had managed to produce a 
“vaccin,” or a weakened batch of microorganisms, that protected chickens 
against fowl cholera. Based on his accomplishment, Pasteur promised a 
future in which vaccines could be used to prevent any disease whose cause 
could be isolated.7 Fowl cholera vaccine was the first of many advances that 
Pasteur and Koch claimed for the new science of bacteriology during the 
1880s and 1890s. Their successes stoked national pride and exemplified the 
promise that “germ theory” would harness laboratory research for human 
health. The promise of vaccines featured by Pasteur’s work dramatically 
expanded popular appreciation of the possibilities of scientific medicine.8
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Pasteur’s work on vaccines continued to generate striking icons of mi-
crobiology’s therapeutic potential. While other diseases in humans, nota-
bly smallpox, had earlier been the target of prevention through inocula-
tion, the process of inoculation remained risky. Germ theory promised to 
change that situation, even for feared diseases. In the fall of 1885, Pasteur 
announced that he had developed a vaccine against rabies and had used 
it to cure a young boy who had been bitten by a rabid dog. Although this 
pronouncement concealed considerable uncertainty as to the efficacy or 
safety of the vaccine itself, public reception of his claim was enthusias-
tic.9 His method promised that almost any disease whose microbial cause 
could be identified might be similarly prevented. Audiences on both sides 
of the Atlantic were enchanted by this possibility. In December 1885, 
readers flooded the Newark Daily Journal with donations for the treat-
ment of six children bitten by a rabid dog. Reports of the children’s jour-
ney to Paris appeared as far west as St. Louis. In the American case, this 
episode established enduring media interest in the medical promise of 
laboratory- based medicine.10

The attention drawn by Pasteur’s and Koch’s work inspired consider-
able enthusiasm for the benefits of biological studies of human illness writ 
large. Yet as a means of proving the cause of disease, germ theory contin-
ued to encounter conceptual, cultural, and practical challenges. The cri-
teria for disease causation proposed by bacteriology also entailed a dra-
matic change in disease classification. Diseases were not to be defined by 
their symptoms as observed at the bedside but by their invisible microbial 
causes. A clinician’s version of a disease could differ widely from a bacteri-
ologist’s definition.11 After Koch’s announcement that he had identified a 
tuberculosis microbe, many British physicians claimed that the infectious 
theory of the disease flew in the face of their experience with the broader 
category of consumption, as many cases of tuberculosis were known. In 
one survey, nearly two- thirds of the physicians denied ever observing an 
instance of tuberculosis being “communicated” from one individual to 
another.12

Indeed, the casual links proposed by germ theory in its unqualified 
terms were difficult to demonstrate. Many variants of germ theory as-
sumed that exposure to bacteria and the occurrence of illness coincided. 
In this view, for example, the disease of tuberculosis was synonymous 
with infection by tuberculosis bacteria. That form of causation awarded 
no role for bodily resistance; immune responses severely complicated the 
causal link between infection and the incidence of disease. Critics of germ 
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theory staged striking demonstrations— the chemist Max Joseph von 
Pettenkofer notoriously ingested samples of cholera bacteria in front of 
an audience— to show that exposure to a microbe did not entail the onset 
of disease. Infection without apparent illness happened frequently. More-
over, the passage of certain diseases between generations, such as syphilis, 
could be explained equally well by the idea of inherited constitutional 
weakness as by the transmission of an infection from parent to child. Dur-
ing the twenty years following the introduction of germ theory, doctors, 
pathologists, bacteriologists, and others interested in disease arrived at an 
understanding of disease causation that allowed for the interaction of he-
reditary, environmental, and microbial factors rather than assuming that 
microbes were the sole causes of illness.13

The multifactorial model of causation allowed accommodation be-
tween emerging biomedical disciplines such as physiology, bacteriology, 
and biochemistry and the clinical communities and medical schools that 
still provided the majority of scientists’ support. These communities were 
unwilling to cede their control over the diagnosis and treatment of dis-
ease. “Nothing has so injured the status of the practitioner and of the 
medical profession,” an influential German doctor wrote, “as the eager-
ness of bacteriologists to transfer decisions from the bedside to the labo-
ratory . . . according to an artificial scheme . . . that diagnosis becomes 
subject to the infallible arbitriment [ judgment] of the microbe cultivator 
remote from the bedside.”14

Such skepticism mattered for cancer virology in particular because of 
the close relationships between the biomedical sciences and the institu-
tional growth of academic medical schools. Researchers working in these 
settings were expected to pursue avenues of inquiry with clear relevance 
to the clinical problems faced by physicians. Within this environment, 
the exploration of disease theories that did not appear to reflect clini-
cal concerns or clinical experience was discouraged.15 Therefore, most of 
the sites that pursued cancer virus research in the early twentieth century 
were found not in university departments but in biomedical research com-
munities sustained by philanthropic donors seeking to “reform” medi-
cal practice rather than to serve it. Several cancer research institutions 
established in Germany and the United States around 1900 took cancer 
microbes or parasites as the central aim of their efforts.16 Scientists in the 
emerging fields of genetics, biochemistry, and bacteriology all grappled 
with establishing and defending how their approaches might help them 
comprehend cancer.17
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Peyton Rous and the Challenges  
of Viruses in the Laboratory

The Rockefeller Institute for Medical Research, where Rous carried out 
his observations, was among those new institutions. With backing from 
John D. Rockefeller’s oil fortune, the Rockefeller Institute opened in 
1901 to give American medical science the same kind of environment for 
independent research as that enjoyed by academic scientists in Germany. 
Its leaders were exponents of the idea that laboratory biology could ad-
vance medicine.18 Rous arrived at the institute after training as a doctor 
at Johns Hopkins University Medical School, another supporter of the ef-
fort to apply laboratory methods to medicine, and serving in a pathology 
laboratory at the University of Michigan. He started working at the insti-
tute in 1908 as a laboratory assistant. Before gaining his own laboratory 
in 1910, Rous was an assistant in both pathology and bacteriology— two 
experimental subfields of biology whose medical applications appeared 
most immediate. Unlike medical schools, the institute provided an en-
vironment where both of these approaches could be brought to bear on 
cancer.19

Above all else, experimentalists approaching cancer struggled to find 
a form of the disease that could be reliably reproduced in the laboratory. 
It would be much easier to study tumors of this type than to wait for the 
occurrence of unpredictable “spontaneous” cancers in nature. When Rous 
began to study cancer, no means existed of causing tumors under experi-
mental conditions or of cultivating tumor tissues outside of living bodies. 
The first instance of chemically induced cancer in the laboratory occurred 
in 1915. Other researchers had only embarked on a decades- long effort 
to breed mice predisposed to cancer in 1909. The first stable system for 
studying tumors in the laboratory, developed in 1901, entailed the trans-
plantation of tumors from one rat to another. Those studies, especially 
the immunological study of “resistance” to transplanted tumors, were one 
of the primary pathways into experimental work with cancer in the early 
twentieth century.20 The pressing experimental question raised by trans-
plantation was not in regard to how these tumors were caused; it pertained 
to the identification and propagation of similar tumors in other species.21

Rous’s first efforts followed that approach. He was excited when a 
Long Island poultry breeder brought a hen with a “large, irregularly glob-
ular mass” to the institute in September 1909. No one had yet succeeded 
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in finding a transplantable tumor in birds, and Rous approached the tu-
mor with this aim. When he first discussed his findings, Rous was pleased 
that he had managed to keep the tumor alive through four generations of 
transplantation into healthy chickens and that the tumor had remained 
“true to type” throughout.22

Rous’s work on tumor transplantation turned to bacteriology when he 
sought to determine the smallest fragments capable of transplanting the 
tumor from one chicken to another. From other researchers at the Rocke-
feller Institute, Rous acquainted himself with different means of filtering 
tumor extracts. For microbiology, the primary technology for determin-
ing the size of infectious agents involved filters of varying fineness. Rous 
started with filter paper, which “held back all but a few red blood cells and 
lymphocytes,” yet the filtered solutions still transmitted tumors when they 
were inoculated into healthy chickens. Next, Rous turned to a common 
feature of bacteriology laboratories, a British Berkefeld water filter. This 
was a case of scientists drawing on public consciousness of germs, rather 
than vice versa. Before the construction of municipal water filtration fa-
cilities became commonplace, individual households concerned about 
the presence of microbes in their water used filters like the Berkefeld. 
By forcing water through fine sand, those filters were widely believed to 
be capable of blocking disease- causing microbes. The filters also quickly 
found use in laboratories. Rous passed extracts from his tumor through 
Berkefeld filters, and the filtered extracts retained their ability to cause 
tumors. In somewhat counterintuitive terminology, Rous determined that  
the tumor agent was “filterable”— which denoted that it could not be re-
moved by filtration. In light of his results, Rous wrote that the first conclu-
sion would be “to regard this self- perpetuating agent active in this sarcoma 
of the fowl as a minute parasitic organism.” However, Rous continued, 
“it is conceivable that a chemical stimulant, elaborated by the neoplastic 
cells, might cause the tumor.”23

Rous’s announcement met with widespread interest. He fielded requests 
for samples of his tumor from correspondents in Russia, Japan, the United 
Kingdom, and Germany.24 A prisoner at New York’s Sing Sing Prison wrote 
to the warden volunteering to be inoculated with a “cancer germ” to test 
whether cancer could be passed from one human to another in a similar 
fashion.25 In an internal report on his research, Rous elaborated that he 
now thought the agent was a “virus” smaller than a bacteria.26

Rous’s claim to have identified a tumor virus appeared to continue the 
institute’s efforts to show the utility of laboratory research on viruses for 
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understanding disease. At the institute, microbiology research, of which 
bacteriology was a subfield, was a central part of the campaign to dem-
onstrate the contributions that laboratory researchers could make to 
clinical medicine. Facing a skeptical, and in the case of animal welfare 
advocates who attacked the use of laboratory animals, a hostile, audience, 
the institute’s workers sought to show that the laboratory could identify 
the microbial causes of human diseases. In 1909 Simon Flexner, Rous’s 
predecessor in the institute’s microbiology laboratory, was one of several 
scientists to demonstrate that polio was caused by a virus.27

However, the nature of this virus was still intangible. From the per-
spective of a medical observer in 1910, the distinctions between different 
types of filterable entities were confused and contentious. Clinicians and 
biologists were able neither to observe the filterable agents directly in the 
laboratory nor to cultivate them outside of their hosts, if indeed they were 
capable of reproduction. Writing for the Journal of the American Medical 
Association, Flexner explained that his conclusion that the agent involved 
in polio was a virus rather than a bacterium was based on the observation 
that it remained active even when exposed to glycerin (which bacteria did 
not) and that it could not be filtered. The agent, Flexner concluded, “be-
longs to the class of the minute and filterable viruses that have not thus far 
been demonstrated with certainty under the microscope.”28

Unlike the processes of chemical staining and inspection with the op-
tical microscope that were used to identify the presence of bacteria, the 
existence of viruses could only be inferred through the biological effects 
they produced in their animal or plant hosts. The tobacco mosaic virus 
killed tobacco leaves, the rinderpest virus killed cattle, and the rabies virus 
caused rabies. In the laboratory, viruses were defined by what they were 
not: they could not be filtered out of solutions, as bacteria could, they 
could not be grown in culture, and they could not be observed under the 
microscope. There were almost as many ways of defining viruses, there-
fore, as there were efforts to isolate examples of them.29 It was uncertain  
whether these entities should be considered living parasites or enzymes, 
and debate over that question swelled in the decades following Rous’s 
observations.30 How could such a confusing and mysterious entity be the 
cause of any disease, let alone cancer?

Previous debates concerning the relevance of microbiological studies  
to cancer shadowed the reception of Rous’s report in other quarters. 
The New York Times linked the new observations to previous studies of 
contagion and cautioned readers that “the germ theory of cancer is not 
new” and was “not generally accepted.”31 For fear of inciting public panic, 
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Flexner was quick to avow that “cancer is certainly not readily infectious” 
and that no “clinical evidence” existed that infection could pass cancer 
from one person to another.32 Experimentalists working on tumor trans-
plantation raised numerous concerns about Rous’s findings: their applica-
bility to other tumors, the potential that the filters had allowed larger par-
ticles of tumor to pass than Rous assumed, and even whether the growth 
Rous had identified was a tumor.33 Even the stability of transplantable 
tumors suggested that they were laboratory artifacts rather than reliable 
proxies for natural cancer processes. As one member of the Pasteur Insti-
tute cautioned, the study of these grafts showed only the “second act” of 
cancer rather than revealing the origins of cancerous cells.34

James Ewing, a respected oncologist at New York’s prestigious Me-
morial Hospital and a forceful skeptic of laboratory- based approaches to 
cancer, was an especially prominent and influential critic.35 “One must 
hesitate to apply the standards of human pathology to the tissue reactions 
of the chicken,” he cautioned.36 In his widely read oncology textbook, Ew-
ing enumerated the theoretical challenges that made demonstrating the 
infectious cause of cancer so difficult. Infectious diseases, Ewing main-
tained, were of a different character than cancer. Cancer appeared to have 
many causes, and cancer tumors themselves were so diverse as to baffle at-
tempts to draw parallels between different cases. Clinical experience, Ew-
ing continued, suggested that tumors typically had chemical or hereditary 
causes. “The temporary popularity of the search for a specific parasite 
must be attributed to the undue influence of the germ theory of disease 
which can be effectually combated only by further knowledge of the biol-
ogy of the cell,” he concluded.37

Trained in pathology rather than bacteriology, Rous was concerned 
that he could not master the techniques of microbiology necessary to pro-
vide definite proof of the link between the filterable agent and cancer. 
The leadership of the Rockefeller Institute for Medical Research, espe-
cially Flexner, was also keen to see his efforts focused on areas of cancer 
research that promised a more immediate therapeutic payoff. Rous there-
fore moved on to other research in 1915 rather than further exploring his 
observations of a cancer virus.38

Establishing Laboratory Approaches to Cancer

Rous’s frustration was symptomatic of the slowing tempo of experimen-
tal cancer research between the First and Second World Wars. After the 
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excitement of germ theory and the hope of surgery, the beginning years of 
the twentieth century were, in the words of one historian, the “Wilderness 
Years” of cancer research and treatment.39 Beyond virus hunting, experi-
mental inquiries into the causes of cancer did not suggest a therapeutic 
reward sufficient to justify the mobilization of the anticancer community 
as a whole.

In the United States, interest in Mendelian genetics and eugenics sup-
ported a drive to breed strains of mice predisposed to cancer. In many 
instances, the study of heredity was explicitly aimed at rebutting the idea 
that cancer had contagious origins.40 In parallel with virologists, geneti-
cists held their own fierce debates over the material identity and causal 
power of “genes.” It was by no means clear what it meant to reveal a gene 
responsible for a disease, as there was no way to visualize or manipulate 
genes as material entities.41 With support from the Ford and Hudson mo-
tor companies, advocates of the experimental study of cancer heredity  
opened the Jackson Laboratory at Bar Harbor, Maine, in 1929. Its opera-
tions involved a large- scale effort to maintain purebred colonies of mice 
for studies of the heritability of cancer, an early example of big science in 
experimental biology.42

However, even if cancer genes were identified in humans, this kind of 
knowledge offered little therapeutic hope. A Chicago physician attacked 
one early set of studies on the heritability of cancer in mice, remarking, 
“To destroy all hope in patients with cancer or supposed cancer, as well 
as to get their children morbid on the subject as to the likelihood of their 
children having cancer, is to engender an untold amount of mental torture 
in the supposed victims.”43 Many studies of hereditary cancer did nothing 
to dispel this opprobrium. Their only therapeutic application appeared to 
be selective breeding along eugenic lines. The author of one study on the 
inheritance of a rare cancer, retinoblastoma, recommended that parents 
with a family history of the cancer not have children. If, against this ad-
vice, the couple had children and one of them developed the cancer, the  
child should be sterilized as a condition of treatment.44 Indeed, the di-
rector of the Jackson Laboratory, C. C. Little, was also an advocate of 
eugenics.

In a broader sense, research into the causes of cancer embraced many 
possibilities inside and outside the poorly understood biology of can-
cer. Psychological, dietary, and behavioral explanations for cancer— too 
much or too little sexual activity, depression, overindulgence, or psycho-
logical repression— all appeared in medical and popular discussions.45 
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The discovery of chemical carcinogenesis by coal tar compounds in 1915 
opened not onto therapy but onto contentious debates over the safety of 
workers in the dye and chemical industries.46 Professional groups such as 
the American Society for the Control of Cancer hesitated to promote the 
therapeutic potential of cancer research. For that reason, the founders of 
the ASCC intentionally omitted research as one of the activities in the 
organization’s charter in 1913.47

Research into the causes of cancer did not provide a means of resolving 
the tension between hope and pessimism faced by the leadership of the 
ASCC in its mission to educate the public. Discussions of cancer causes 
and cures seemed to steer the organization into the ongoing contest be-
tween doctors and alternative healers regarding who could best address 
cancer.48 In 1926 William L. Saunders, a wealthy businessman, wrote to 
the ASCC offering to sponsor a prize of $50,000 for anyone who could 
discover the nature of human cancer, to be followed by a further $50,000 
to any person or organization who could offer a cure. The letter caused 
considerable debate within the ASCC. James Ewing doubted that the 
ASCC would have the capacity or expertise to study so many proposals. 
He feared that the wide call for submissions would be an “encouragement 
to quackery.” Indeed, the only reason that the ASCC accepted Saunders’s 
request to serve as a judge of possible cures, in the words of its director, 
was to “demonstrate the futility of seeking to solve the cancer problem 
through a monetary reward.” The ASCC eventually fielded more than 
five thousand submissions— none of which it found meritorious.49

Virology was no exception to this general sense of frustration with 
cancer research. Virologists continued to contend with the difficulties of 
observing viruses in the laboratory and associating them with diseases 
in a manner that satisfied the criteria of Koch’s postulates, even in the 
case of diseases whose contagious nature was widely accepted. In frustra-
tion, some prominent virologists suggested discarding Koch’s postulates 
altogether.50 Studies of cancer viruses continued alongside these debates 
in the 1920s and 1930s. Seeking to address the difficulty of isolating fil-
terable agents from other tumors, advocates suggested that viruses were 
“masked” or “latent” within tumor cells, a stance whose assumptions de-
manded more, not less, credulity from skeptics of viral carcinogenesis.51 
In the face of such challenges, many experimental cancer researchers pre-
ferred to incorporate viruses into models of cancer causation that allowed 
for many possible factors, including chemical irritation and hereditary 
predisposition— that was the approach adopted by the landmark interwar 
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virology text Filterable Viruses (1928).52 Research into the viral causes of 
cancer continued at a few institutions, notably the Rockefeller Institute 
for Medical Research, where Rous’s colleague Richard Shope investi-
gated the viruses responsible for rabbit papillomas.53

However, this work appeared distant from human cancer. From the 
perspective of scientific and medical observers in the 1930s, discussions 
of cancer viruses were prone to swing between doubt concerning labora-
tory findings and dismissal of the therapeutic claims of treating cancer 
microbes. The nadir of the virus theory of cancer among cancer experts 
came in 1938 when the US surgeon general tasked a committee of leaders 
in the field of experimental medicine to suggest “fundamental aspects” 
of cancer research that the newly created National Cancer Institute 
should support. Advocates of cancer virology worried that a draft of the 
report minimized the importance of viruses, despite new and promising 
experimental results.54 The committee’s leader replied with an emphasis 
on probity and restraint: “Present knowledge in the field is too full of 
uncertainties to justify . . . drawing very definite conclusions” about can-
cer viruses.55 The final report elided discussion of viruses and emphasized 
that any approach to cancer should involve “patience and the adoption of 
a long- term point of view.”56

New Potential for Cancer Viruses

Biomedical and popular attitudes toward cancer virology both revived 
during the 1950s. The National Cancer Institute reversed its initial skepti-
cism toward cancer viruses and launched the first of several large- scale 
investments in cancer virology at the end of the decade. The newfound 
credit given to viruses as agents of disease and their contribution to the 
molecularization of cancer was heavily indebted to new instrumentation 
and new analogies with other viral diseases. Unlike the tools available 
to Rous and his associates in the 1920s and 1930s, these instruments and 
techniques succeeded in strengthening the analogy between viral infec-
tion and bacterial infection. Beyond specific laboratory advances, this 
“virus age” aligned the idea of cancer viruses with the aims of biomedical 
research shaped by microbiology, recapturing the broader excitement of 
seeking a cancer cure. Significantly, most of the new excitement associ-
ated with cancer virus studies was not generated by participants in earlier 
controversies regarding contagious cancer but emerged from contact with 
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communities that took the therapeutic potential of virology and vaccines 
as a given.

The encounter of biologists with instruments that had previously been 
expensive and rare during the Second World War constituted the first pil-
lar of this new confidence. In wartime, many virologists worked on vaccine 
production— the army was especially worried about another outbreak 
of influenza virus following the pandemic of 1918– 19. Those virologists 
gained experience with a relatively new instrument, the ultracentrifuge. 
The ultracentrifuge generated higher forces than regular centrifuges, al-
lowing the separation of particles based on very small differences in mass. 
The new technology could be used not only as a means of isolating but 
also as a means of purifying and classifying different virus strains. Virolo-
gists used this capability to separate viruses from other cellular material. 
In turn, it encouraged a shift in the presentation of the problem of vi-
ral transmission and detection from a qualitative question of “masked” 
or “latent” virus forms to a quantitative question of virus purification.57 
Flush with this confidence, proponents of the ultracentrifuge contended 
that the best solution to the difficulty of satisfying Koch’s postulates was 
to seek pure samples of virus through the ultracentrifugation of tumor 
samples— a means of avoiding the complicated immune reactions inher-
ent in animal studies.58

After the Second World War, the National Foundation for Infantile Pa-
ralysis (NFIP), whose reasoning is discussed further in chapter 3, decided 
to make an aggressive investment in virology, following from the convic-
tion that polio was caused by viral infection. Whatever the motives for the 
foundation’s investment, its decision energized virology as a whole. The  
foundation underwrote a substantial amount of research activity in virology 
during the late 1940s and early 1950s, expanding virology into a robust com-
munity with numerous ties to genetics, biochemistry, and biophysics. The 
lack of the ability to grow and study viruses outside of their host organisms 
had proved to be one of the most persistent obstacles for virology. Accord-
ingly, the NFIP invested generously in the creation of reliable in vitro sys-
tems for the culture of viruses, drawing on antibiotics, cell lines, and other 
technologies, which provided a new means of studying the world of viruses. 
By some estimates the foundation trained one- third of the virologists work-
ing in the United States by 1956.59

New methods of virus culture suggested that the infection of humans 
by viruses was the rule rather than the exception. In 1948 virologists ac-
knowledged 20 viruses specific to humans; by 1958 the total stood at 70.60 
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In a study reported by the New York Times, a single virologist working for 
the National Institute for Allergy and Infectious Disease, Robert Hueb-
ner, used tissue culture and antibody tests to isolate 25 unique viruses 
from just two kinds of human and monkey tissue. The sheer number of  
previously unknown viruses reversed the question faced by advocates of 
viral disease causation; the challenge was not what virus went with what 
disease but what disease went with what virus.61 Revelations concerning 
the ubiquity of viruses and their diverse modes of infection suggested that 
most individuals already carried latent viral infections that might give 
rise to illness, either alone or in combination with some chemical or he-
reditary cause. “There is ample reason to believe that neither the recent 
viruses nor their diseases are actually new but only our recognition of 
them,” another set of reviewers commented.62

The final technical innovation to shape midcentury virology was the 
electron microscope. Of all the new techniques, the electron microscope 
offered the most direct means of hunting for viruses— the electron mi-
crographs researchers produced fit within the visual tradition in pathol-
ogy of inspecting tissues with the optical microscope. The promotion of 
the electron microscope, which had been developed for commercial use 
by the Radio Corporation of America during the Second World War, re-
sulted in widespread enthusiasm for creating images of the subcellular 
world.63 Leon Dmochowski, a pathologist at the MD Anderson Hospital 
and Tumor Institute in Texas, emerged as the most prominent hunter of 
virus particles using the electron microscope. Dmochowski had started 
his career in the Department of Experimental Pathology at the University 
of Leeds, where he adopted the ultrathin sectioning techniques employed  
for studies of subcellular structures to the search for virus particles in both 
breast cancer cells and milk.64 After his move to the United States, Dmo-
chowski continued to use the electron microscope to seek out cancer virus 
particles in tumorous tissue, authoring numerous reviews on the topic.65 
In early 1957 Dmochowski announced to newspapers that he had placed 
viruses at the “scene of the crime” for human leukemia.66 Later that year 
Dmochowski claimed that he had identified virus particles in human leu-
kemia patients visiting the MD Anderson Hospital.67 Cancer virologists, 
such as Peyton Rous, were encouraged by the rhetorical power of elec-
tron microscope images. Solicited for his thoughts on the design of an ex-
hibit on cancer viruses for the 1958 World’s Fair, Rous responded that he 
thought enlarged micrographs of viruses would “make a prodigious hit.”68

The growing faith in viruses as molecules that the laboratory could 
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identify and study created conditions for new cancer virus candidates to 
receive a more sympathetic hearing than they had before. A wide range 
of potential tumor viruses had been identified in the late 1930s and 1940s. 
Yet, with the exception of Bittner’s “milk factor,” none of those viruses 
appeared to exist in mammals.69 This changed with the identification of 
the first mouse leukemia virus by Ludwik Gross in 1953. Gross arrived 
in the United States and at the study of murine leukemia after a long 
journey. Born in Poland, he trained as a doctor in Krakow. He traveled to 
Paris in 1931 to conduct postgraduate research at the Pasteur Institute, a 
bastion of microbiology and vaccine development. At that institute, Gross 
sought to immunize mice against the tumor cell transplants. During his 
research Gross tried and failed to cause cancers in mice using filtered 
extracts of tumors (an experimental approach borrowed from Rous). In 
1938 Gross visited the National Cancer Institute, Yale Medical School, 
the Rockefeller Institute for Medical Research, and other American insti-
tutions in an unsuccessful effort to find a position to continue his studies. 
Frustrated, he returned to Krakow, only to flee to Romania after the Nazi 
invasion of Poland in September 1939. As Nazi power spread across Eu-
rope, Gross fled further to Italy, France, and finally the United States. He 
managed to leave France only two weeks before Paris fell, but not without 
retrieving a few samples of the tumor tissue he had studied for years from 
the Pasteur Institute. In 1943 Gross gained American citizenship and en-
tered the Army Medical Corps.70

Over the course of the Second World War, Gross became an increas-
ingly vocal proponent of viral carcinogenesis. He reinterpreted hereditary 
data on the appearance of cancer in alternating generations of families 
(both mouse and human) as evidence of a “temporarily latent factor” 
transmitted in the milk of nursing mothers, “which is probably a virus.” 
Citing Bittner’s work on foster nursing in mice, Gross warned that cancer 
was a “vertical epidemic” and that “persons with demonstrable tumors 
represent but a fraction of those carrying the disease.” While acknowl-
edging that experimental evidence was slight and “speaking with all re-
serve,” Gross concluded, “There is reason to anticipate that the incidence 
of certain tumors, at least, such as breast cancer in man, could be substan-
tially reduced if women with families with any tumors in their ancestry 
were to refrain from nursing . . . from birth.”71 Gross had no reservations 
about taking his own advice to heart. When his daughter was born in 1944, 
he was adamant that she be fed formula rather than breast milk, an appar-
ent effort to curtail the transmission of any hidden virus.72
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At the end of the war, Gross obtained a permanent position at the 
Cancer Research Unit of the Bronx Veterans Administration hospital. 
However, he found it difficult to continue his studies of breast cancer 
transmission: there were no strains of mice with an especially low inci-
dence of this cancer— a prerequisite for demonstrating the transmission 
of a breast cancer virus. Leukemia, however, presented a more promising 
target. Gross possessed one purebred strain of mice, “C3H,” that rarely 
developed leukemia, and another, “AK,” that often did. He established 
breeding colonies of each in a small room (an upgrade over his car trunk, 
which had hosted earlier colonies) and set out to inoculate adult C3H 
mice with filtrates of AK tumors. In the ensuing four years of research, 
Gross enjoyed little success. The inoculated mice did not develop leuke-
mia. Gross could carry out only a limited number of experiments because 
of uncertainty over when leukemia would emerge in his mice, if at all. 
Each generation of mice had to be observed until death (about eighteen 
to twenty- four months), and the cost of keeping these mice alive strained 
his modest resources. A promising new approach arrived in 1950. Gross 
attended a lecture on the coxsackie virus family, where he learned that 
that virus produced paralysis in mice, but only if they were inoculated 
before they were forty- eight hours old, when their immune systems were 
not yet developed. He repeated his experiments with cells from AK mice 
and recently born C3H mice and found that a high fraction developed 
leukemia by their “middle age” of eight to eleven months.73

Gross struggled with the weak activity of the leukemia agent he de-
rived from filtrates, as the relatively low occurrence of cancer attested. His 
results still required considerable confidence in the idea of viral transmis-
sion to be plausible. Like Rous’s results, his findings encountered critical 
reception from oncologists at New York’s Memorial Hospital.74 However, 
in other quarters Gross found more interest. The New York Academy of 
Sciences invited him to speak at a conference on cancer viruses in 1952.75 
His work gained wider exposure as well; the Journal of the American 
Medical Association published sympathetic accounts of his results in both 
1951 and 1953.76 Crucially, several other sets of investigators took up the 
idea of searching for viruses in infant mice, revealing a growing number of 
murine leukemia viruses.77 Tumor virus studies received further impetus 
in 1958, when two researchers at the National Cancer Institute seeking to 
replicate Gross’s results, Bernice Eddy and Sara Stewart, found a virus 
named polyoma that was capable of producing tumors in a wide variety 
of adult rodent species.78 Adding to this excitement, in 1958 Charlotte 
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Friend, a virologist at the Sloan- Kettering Institute, announced that she 
had not only isolated a mouse leukemia virus but also had developed a 
crude vaccine against the virus, suggesting a promising model for treating 
human leukemia.79

The Nobel Prize– winning virologist Wendell Stanley assured the Third 
National Cancer Conference, “Viruses . . . provide [a] rational experi-
mental approach to the human cancer problem.”80 However, Stanley was 
not a specialist in cancer. His declaration, “The experimental evidence 
is consistent with the idea that viruses are the etiological agents of most, 
if not all, cancer, including cancer in man,” was grounded not in experi-
mental work that he carried out in his University of California, Berkeley 
laboratory but in his sense that such viruses could be identified.81 In fact, 
Stanley’s embrace of cancer virus research reflected the aftermath of the 
deployment of the Salk vaccine against polio in 1955, when public concern 
for polio dwindled and the virologists trained by the National Foundation 
for Infantile Paralysis sought other projects and funding sources.82

Cancer in the “Virus Age”

The science journalist Greer Williams wrote in 1959, “The microbe age 
is past. . . . Today we live in the virus age.”83 At the close of the decade, 
the question of human cancer viruses and their prevention by vaccination 
could now be considered in the light of the existence of numerous ani-
mal tumor viruses and the successful experience of developing vaccines 
against other viral diseases in humans, particularly polio. The number of 
tumor viruses observed in rodents, frogs, and birds was so great that when 
Gross published a textbook for the field in 1960, Oncogenic Viruses, it 
ran to 393 pages. The second edition, published in 1970, had 991 pages.84 
The American Cancer Society, the successor to the American Society for 
the Control of Cancer, dropped its previously circumspect attitude toward 
viral theories of cancer, writing in a 1960 pamphlet, “A virus has been 
isolated from leukemia mice and a vaccine has been developed which pro-
tects mice against the virus. Although this does not apply to man as yet, it 
offers a promising avenue of research.”85

Unlike the skepticism of two generations earlier, widespread belief in 
viruses as molecular entities that might cause disease prevailed. However, 
the process of molecularizing cancer through virus studies was uneven. 
Even as the effort advanced with new technologies and new viruses, there 
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figure 2.1. “Unauthorized” advertising appearing in western Pennsylvania in 1963, pre-
served in the correspondence of the National Foundation for Infantile Paralysis and the 
American Cancer Society. The hope for vaccination against cancer was buoyed by the adver-
tising and publicity around the polio vaccine. Image courtesy of March of Dimes Archives.
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were still many skeptics. Presented with images claiming to show viruses 
associated with human leukemia, a virologist pointedly retorted: “Par-
ticles are unlabeled in the electron microscope.”86 Many clinicians still 
did not trust reports of cancer viruses, deeming them inconsistent with 
their own experience. Even the newfound ubiquity of viruses created 
challenges. According to one scientist, an invited speaker at a tumor virus 
symposium, “The considerable number of nononcogenic viruses in man, 
which might be present by pure coincidence in some cancer cells, compli-
cate” the task of linking tumors to viruses “tremendously.”87 Even cancer 
virologists reviewing the literature were prone to make comments such 
as “Out of a massive flow of words and ideas it is difficult to synthesize 
a coherent picture and to sift out the meaningful from the imaginary.”88

Troublingly, it appeared as if the standards of causation developed in 
bacteriology might never prove a link between viruses and human cancer. 
Prominent virologists in the polio vaccination effort now seeking carci-
nogenic viruses, such as Albert Sabin, found the experimental hurdles to 
demonstrating the existence of cancer viruses by conventional methods 
nearly insurmountable. Even if the analogy between murine and human 
leukemia held, Sabin cautioned, “final proof” of a link, following Koch’s 
postulates, required transferring the virus to “newborns” to see if they de-
veloped leukemia. This step to show that “virus particles in tissue culture 
cells actually cause leukemia in man obviously is not possible,” he con-
cluded.89 In light of these ongoing uncertainties, new laboratory findings 
only went so far in resolving the question of how to confront cancer as a 
viral disease. Probing the molecular roots of contagious cancer said little 
about who would become responsible for making the therapeutic promise 
of cancer research a reality.
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chapter three

Policymakers and Philanthropists  
Define the Cancer Problem

In 1925, citizens of the Commonwealth of Massachusetts were alarmed 
to learn from new census data that their state’s cancer death rate was 

the highest in the nation. In response, the Massachusetts House of Rep-
resentatives considered an ambitious bill for a statewide system of dedi-
cated cancer hospitals. Such hospitals, which would be the first of their 
kind in the United States, would not only treat cancer, but also track the 
incidence of cancer throughout the state. For this system to function, the 
house proposed a law expanding the state’s framework for the surveil-
lance of infectious diseases to include cancer, designating cancer a legally 
“reportable” disease alongside measles, influenza, and other hazards to 
public health. Such improved data, in conjunction with the new hospitals, 
would provide the basis for the state’s cancer control effort.1

However, the doctors of Massachusetts united against the plan. Un-
like epidemic diseases, they argued, cancer was not a concrete “clinical 
entity.” State- mandated cancer reporting would only serve “statistical 
purposes” rather than aiding public health efforts. Since cancer was incur-
able in its advanced stages, collecting statistics would be little more than 
“a brief anticipation of the death returns.” It was better, the doctors con-
cluded, for measures against cancer to continue on a “voluntary” basis.2 
The proposed system was modified to defend against charges of “state 
medicine” by requesting approval from local physicians before opening 
clinics and dropping the reporting requirement. However, without the 
ability to know where cases of cancer occurred, the original ambition of 
the system was reduced to a single clinic on the outskirts of Boston.3
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The experience of Massachusetts highlights some of the principal ob-
stacles facing those who wished to expand the government’s role in ad-
dressing cancer throughout the nation. Cancer did not fit easily within the 
system of government public health measures developed to confront in-
fectious diseases.4 The focus of the US Public Health Service, established 
in 1887, was the prevention of epidemic disease threats from outside the 
nation, exemplified by its surveillance and quarantine of sailors and recent 
immigrants at Staten Island’s Marine Hospital or Angel Island’s Immigra-
tion Station. Only after the Spanish- American War did the organization 
turn its attention to domestic public health, and in this sphere it struggled 
until the First World War. Amid its expansion, the Public Health Service 
maintained its focus on acute infectious diseases such as plague, malaria, 
yellow fever, and typhoid.5 That the most detailed source of statistics on 
cancer— a prerequisite for any public health intervention— came from 
private life insurance companies was a sign of the limits of state capacity 
to confront cancer.6 Given this context and the reluctance of doctors to 
accept infringement on their professional autonomy in all but the great-
est of emergencies, it seemed unlikely that the federal government would 
come to bear responsibility for addressing the cancer problem as its role 
in other parts of American society grew during the New Deal, even after 
the creation of the National Cancer Institute in 1937.

As in the case of other social welfare activities, the eventual  mobilization 
of the American state against cancer initially followed the avenues defined 
by a “submerged” sector of philanthropies and professional  organizations 
rather than carving out new pathways into the problem.7 Federal ap-
proaches to the cancer problem at first hewed to the structures of the “asso-
ciative state,” a way of making policy developed in the 1920s that viewed the 
government as a coordinator among private groups established to address 
particular issues rather than as an independent actor in its own right.8 The 
cancer problem was defined by a combination of shifting ideas about the 
nature of the disease and about the appropriate organizational relation-
ships among state agencies, philanthropies, and doctors. Only after changes 
on both of these registers did large- scale federal intervention against  cancer 
enter the realm of political possibility. Chapter 4 discusses the process by 
which cancer- control activists moved away from the associative state as they 
encouraged federal anticancer efforts after the Second World War; this 
chapter traces the actors and ideas that sustained resistance toward federal 
cancer control efforts in the first half of the twentieth century.
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Cancer and the Social Question

At the opening of the twentieth century, cancer fit uneasily between the 
power of state public health authorities to fight epidemic diseases and 
the work of voluntary social welfare organizations. Cancer’s complexity 
stymied the usual mechanisms developed for public health threats. As the 
case of Massachusetts suggests, physicians generally did not accept it as 
a contagious disease, so its control and prevention by public health offi-
cials appeared unlikely, even as evidence of its rising incidence mounted. 
The long- term suffering and economic harm caused by cancer and other 
chronic diseases fell outside the scope of government and into the realm 
of social welfare organizations. This provided the inspiration for the for-
mation of the American Society for the Control of Cancer. However, the 
doctors who guided these efforts were not convinced that cancer could be 
cured or that they should sacrifice their autonomy to provide cancer care. 
Those views limited the avenues of intervention that any organization— 
private or public— could follow against disease.

Care for those struck by debilitating long- term illnesses was the do -
main of voluntary social welfare organizations, some of the central in-
stitutions of the Progressive Era in US history. Those organizations pro-
liferated during the economic depression of the 1890s, which starkly 
revealed the range of social problems intensified by industrialization and 
urbanization. The founders of such organizations highlighted the danger 
of instability if these problems were not resolved. Their efforts resulted in 
a growing network of voluntary philanthropic organizations, all of which 
sought to answer various components of what was known as the “social 
question.” While these Progressive Era organizations differed in impor-
tant respects, their sources of support tended to reflect the impulses of the 
emerging professional middle class and its “search for order,” especially 
its faith in expertise and its enthusiasm for education as moral uplift.9

For such organizations, tuberculosis provided a pivot point from so-
cial work to what came to be called chronic diseases. Tuberculosis, or 
“consumption,” was a leading cause of death in the nineteenth century 
and the focus of many public health campaigns. Like cancer, tuberculosis 
was a disease that killed slowly, creating a population of sick individuals 
in a state of convalescence— neither acutely sick nor capable of support-
ing themselves through work. But medical and scientific authorities were 
confident that the cause of tuberculosis, in contrast to that of cancer, had 
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been identified. In 1882 Robert Koch famously articulated the founda-
tional principles of infectious disease causation as he demonstrated the 
microbial cause of tuberculosis. Belief in tuberculosis microbes inspired 
new public health efforts to separate individuals with the disease from the 
general population or to prohibit behaviors (such as spitting) associated 
with its transmission.10

However, even after these discoveries, tuberculosis continued to be ad-
dressed as a problem of social welfare. It still appeared to be a disease 
that medicine could resolve through attention to individual constitutions 
rather than large- scale public health works. Infection with tuberculosis 
bacteria, many doctors were quick to point out, did not necessarily cause 
the development of tuberculosis as a disease; susceptibility to tuberculosis 
and recovery were specific to the individual, not the illness. Many anti-
tuberculosis activists continued to argue that the causes of tuberculosis were 
to be found in social factors such as poor housing, nutrition, or behavior. 
Within the United States tuberculosis campaigners were more likely to 
be suspicious of biomedical interventions, such as Koch’s tuberculin ther-
apy, and in favor of social reform and welfare programs that focused on 
the living habits and conditions of those seen at risk of tuberculosis, such 
as the urban poor. In individual cities, those programs tended to foster 
cooperation between charities and doctors at sites such as tuberculosis 
dispensaries.11

When an alliance of urban reformers and physicians established the 
National Tuberculosis Association (NTA) in 1904, a new chapter began  
in medical philanthropy. The NTA aimed to address tuberculosis at a 
national level. However, it possessed neither a large membership nor 
wealthy patrons. The association therefore sought out new ways of sup-
porting its work. In 1907, the Danish- American urban reformer Jacob 
Riis, whose six brothers had died of tuberculosis, published a glowing re-
port of the Danish practice of selling Christmas stamps, or seals, to fund 
tuberculosis sanitariums. Although each seal represented only a small 
contribution, the sum of all these contributions provided impressive re-
sources. In 1908 the Red Cross started to sell similar “Christmas Seals” in 
the United States on behalf of the NTA. Rather than relying on medical 
professionals or elite donors, the Christmas Seals campaign demonstrated 
that a voluntary organization could marshal substantial resources against 
disease by tapping the wealth of the public as a whole. After a brief lull 
in its activities during the First World War, the NTA managed to draw 
a half million volunteers as well as support from insurance companies,  
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businesses, and labor groups. Reflecting skeptical attitudes toward tuber-
culin therapy and the local roots of its fund- raising efforts, the NTA di-
rected most of the money raised through these measures to the treatment 
and social service efforts of its local chapters rather than to tuberculosis 
research.12

The success of the NTA galvanized philanthropic efforts against can-
cer. When the American Society for the Control of Cancer was founded 
in 1913, the New York Times reported that it aspired to “a campaign of 
education against cancer similar to that which has been carried on against 
tuberculosis.”13 The steady creation of hospitals dedicated to cancer treat-
ment in the first decade of the twentieth century testified to growing local 
concern about cancer, but until the ASCC was formed, this had not taken 
national form.14 Following the mold of other Progressive Era organiza-
tions, the ASCC framed its overall program as an attack on ignorance 
about cancer. Its motto, “Fight cancer with knowledge,” sought to defuse 
the tension between hope and pessimism in presenting the cancer prob-
lem. Educating the public about cancer detection and treatment placed 
physicians at the center of work against cancer without jeopardizing 
their professional credibility by promising that the disease was curable. 
Within this frame, awareness of cancer and an individual’s willingness to 
seek treatment were as much an element in avoiding death from cancer 
as the limited therapeutic offerings of the medical profession. By argu-
ing for the need for individual self- monitoring and regular contact with 
doctors, the ASCC’s public education efforts harmonized with the overall 
effort of groups such as the American Medical Association to extend the 
legitimacy of professional medicine.15 These same motives, as chapter 1 
explored, also contributed to the ASCC’s unwillingness to discuss cancer 
as an infectious or contagious illness.

In line with other professional medical organizations, and unlike the 
NTA, the ASCC was unwilling to go further than providing information. 
It not only avoided research in the 1920s, as discussed in chapter 2, but it 
also hesitated to provide treatment. Since cancer treatment required the 
services of surgeons and radiologists often not found in normal medical 
practices, establishing clinics on the model of tuberculosis dispensaries 
appeared to be a reasonable extension of the ASCC’s activities. More-
over, as its first president noted, because of the expense of cancer care, 
“a sure way to drive the public to the quacks who infest the country is to 
advise them to go to specialists whose charges are beyond their means.” 
However, only a handful of cancer clinics operated in the United States, 
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whereas there were 800 clinics for the treatment of sexually transmitted 
infections, 600 clinics for the treatment of tuberculosis, and 100 clinics for 
heart disease. The operation of clinics was certainly expensive compared 
to public education, but the primary reason for their limited growth, the 
ASCC grudgingly acknowledged, was that most doctors opposed the 
charitable provision of cancer care by the ASCC or any other organiza-
tion.16 Their opposition reflected the medical profession’s hardening re-
sistance to the work of any organization in the early twentieth century— 
governmental, corporate, or charitable— that attempted to infringe on 
the discretion of doctors to charge for care in their private practice as they 
saw fit.17

The threat of cancer, in the eyes of doctors, did not warrant abandon-
ing their professional autonomy, even to organizations such as the ASCC. 
That conviction remained in the face of the crisis that the Great Depres-
sion marked for the voluntary philanthropic approach to social problems. 
Faced with rising need and declining support, many voluntary organiza-
tions turned to cooperative relationships with the federal government 
during the New Deal, accelerating the involvement of the federal govern-
ment in areas of social and economic life that had previously been beyond 
its reach. However, the physician leadership of the ASCC viewed New 
Deal efforts, such as the use of Social Security funds to expand cancer  
care for the poor, as potential harbingers of socialism.18 Uncommitted  
to understanding the causes of cancer and unable to enlist physicians in 
the provision of cancer treatment, the ASCC’s efforts to “fight cancer  
with knowledge” were unlikely to foster the expansion of a federal role in 
either research or therapy.

The National Cancer Institute and the Associational  
Approach to Cancer

Whatever approach might be taken to addressing the disease, during the 
1920s cancer emerged as a problem for national public health efforts. 
Stoked by the education efforts of the ASCC, the number of articles de-
voted to cancer in popular publications outstripped the ones on tuber-
culosis for the first time.19 Municipal and state public health authorities 
started to take action addressing chronic illnesses, including cancer, but 
like their voluntary counterparts, they emphasized public education rather 
than research or treatment. Nor did these local efforts supply a pathway 
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for federal intervention.20 In 1922 the Public Health Service (PHS) estab-
lished a modest laboratory outpost for cancer research at Harvard, but 
its operations were geographically and institutionally peripheral to PHS 
operations. It was only the extraordinary fear associated with cancer that 
prompted any action at all. Indeed, after establishing the laboratory, the 
PHS discovered that it did not possess the legal authority to share labora-
tory space with a university!21

However, calls mounted for a dedicated federal response to cancer. In 
1928, Senator Matthew Neely (D- WVa) issued a call to action. Relying 
on statistics from the ASCC, Neely warned that the challenge to pub-
lic health posed by cancer was of a different kind than that of the infec-
tious diseases that had been targeted by the government’s previous public 
health campaigns. It was nonetheless a challenge that the government 
should rise to meet. “Medical science has conquered yellow fever, diph-
theria, typhoid, and small pox. Medical science has robbed even leprosy 
and tuberculosis of their terrors. But in spite of all that . . . cancer remains 
the unconquered, the unconquerable, and defiant foe of the human race.” 
Neely exhorted Congress to increase federal spending on cancer from the 
“ridiculously inadequate” annual sum of four hundred thousand dollars 
to a more robust $5 million a year.22 However, Neely’s rhetoric and sta-
tistics did not move his colleagues. His bill failed to pass, and Neely lost 
his reelection campaign that fall, leaving federal cancer research with no 
strong advocate in Congress.23

Neely’s campaign did manage to raise the political profile of cancer. 
During the 1928 elections, the Democratic Party platform endorsed doing 
“all things possible” to “ascertain preventive means and remedies for . . . 
diseases, such as cancer [and] infantile paralysis” that had “largely de-
fied the skill of physicians.” In his 1929 inaugural address, Republican 
president Herbert Hoover endorsed the principle that the “Public Health 
Service should be as fully organized and as universally incorporated into 
our governmental system as is public education.”24 In 1930, building on its 
success in controlling yellow fever in the American South, advocates for 
the PHS proposed establishing a National Institute of Health as a federal 
center for research against disease.25 Although the bill envisioned this in-
stitute as a center for research on infectious diseases, discussion of the 
proposed institute in Congress very quickly turned to cancer. One wit-
ness, a respected surgeon from Johns Hopkins University, surprised his 
audience when he asserted that there had been no progress against cancer 
in the previous two generations and urged further inquiry into the nature 
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of the disease. “We will never wipe out cancer until we have found a cause 
of cancer,” the surgeon concluded.26

With the creation of the National Institute of Health in 1930 and the 
expansion of federal intervention in social and economic life under the ae-
gis of New Deal liberalism, calls mounted for an institute specifically dedi-
cated to cancer. In 1937 several different proposals in Congress merged 
into a plan to establish the National Cancer Institute (NCI).27 According 
to Thomas Parran, the surgeon general, the creation of the NCI marked  
an important shift from infectious diseases to chronic diseases as prob-
lems for public health and welfare. Since 1900, he reported, deaths from 
tuberculosis and other infectious diseases had decreased by 80 percent, 
but cases of cancer were on the rise. “It is inevitable, therefore, that  public 
health should concern itself more with these chronic diseases. . . . Any 
disease, whether communicable or not, which has a wide prevalence . . . 
which is costly to treat, is a proper concern to the public health. Cancer 
fulfills all those definitions.”28

Although the NCI emerged in the midst of the New Deal, which is of-
ten understood as a moment of unprecedented federal expansion, its aims 
and organization recalled the more modest voluntary structures of the 
Progressive Era. The NCI was envisioned at the time as a small research 
operation located just outside Washington, DC, in Bethesda, Maryland,  
not as the massive organization that emerged later in the twentieth  century. 
It did not seek an activist role in planning cancer research on a national 
scale but was structured to favor an “associative” relationship between 
private organizations and the state, a role embraced by the Republican 
Hoover and Warren G. Harding administrations in the 1920s.29

This relationship reflected the wariness that doctors and biologists at 
established research centers maintained toward state intervention. Can-
cer research, as an activity, was limited to a handful of hospitals and cen-
ters, largely in the northeastern United States, and most of these were 
controlled by oncologists and surgeons. Those professionals were very 
skeptical of government intervention. The oncologist and ASCC consul-
tant James Ewing cautioned that the government should venture “no fur-
ther into the field of pure cancer research,” in “another futile effort to dis-
cover the ultimate cause of cancer.” Articulating a rebuttal to the calls for 
federal anticancer mobilization heard often in the chambers of Congress 
for the rest of the century, Ewing maintained that a cure could not be 
“hastened by pouring money into the effort.” Not only was the principle 
of addressing cancer as a public health problem through research flawed, 
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Ewing continued, but a large government research effort would not “find 
20 men competent to take up cancer work. They do not exist, and the 
Government has no place to educate them.” At best, Ewing thought that 
a central cancer hospital might be established near Washington, where 
the government could treat the limited number of “patients for whom it 
is responsible.”30

The American Medical Association cautioned against the prospect of 
“putting the government in the dominant position in relation to medical 
research.”31 C. C. Little, director of the ASCC and head of the Jackson 
Laboratory of mouse genetics, urged Congress to focus the new institute’s 
resources on infrastructure for research— specifically, “controlled ani-
mal material”— a subtle promotion of the mice his laboratory produced. 
Drawing on anti– New Deal rhetoric, he warned that the institute should 
not attempt to establish a “dictatorship” or “hamp[er] the direction” of 
cancer researchers. At best, the new institute could provide a loose form 
of “coordination,” such as running an informational “clearing house” or 
hosting “informal meetings.” Even this limited vision of government in-
tervention marked a break with “older men in the field,” Little warned.32 
Peyton Rous, who maintained an interest in cancer research despite the 
frustration of his efforts to isolate a tumor virus, feared that government 
intervention would bring about “regimented direction” that favored in-
dustrial firms rather than universities. “The guns of the powerful labora-
tories run by the electric and engineering companies at once began to say 
Boom! Boom!” he wrote to a colleague.33

The final form of the NCI reflected the scientific and medical com-
munity’s wariness of state intrusion. The NCI received guidance from a 
newly created body, the National Advisory Cancer Council, whose mem-
bers were closely aligned with the ASCC.34 Little, one of the council’s 
founding members, reiterated his warning that its members should be 
wary of assigning too much power to “government agencies.” Instead, 
the “coordination” of research should avoid the risk that federal efforts 
might “regiment” research and also should “convince the press that an ef-
fort to organize the [cancer] problem along established lines of mutually 
interested business concerns” was more desirable than government plan-
ning.35 The council was unwilling to encourage work on particular topics 
by announcing grants; it preferred to await proposals from researchers.36 
The experts commissioned to advise the NCI on “fundamental research 
areas” cautioned that the “limitations of cancer therapy” required “a con-
servative and critical attitude” toward research into the nature of cancer 
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figure 3.1. Meeting of the National Advisory Cancer Council, 1949. The council represented 
the approach to the cancer problem adopted by the associational state. These medical and 
professional experts were more likely to reflect the interests of their communities than to 
embrace aggressive federal intervention against cancer. Image courtesy of the US National 
Library of Medicine.

cells. “In any program of cancer research, patience and the adoption of a 
long- time point of view are absolutely essential.”37

The Second World War appeared to expand the horizons of what the 
federal government could accomplish through its support of research. 
The Office of Scientific Research and Development coordinated the work 
of academic and industrial researchers through a central office. Individual 
efforts, such as the development of radar systems by MIT’s Radiation Lab  
and the construction of the atomic bomb by the Manhattan Project, cre-
ated vast organizations in which scientists served on cooperative, goal- 
oriented teams. Academic scientists were often stunned by the degree of 
material support that they could obtain for their research— instruments 
that would have occupied a year’s budget became commonplace objects— 
and impressed with industry’s ability to manage research. DuPont fa-
mously served as a major contractor for the Manhattan Project’s uranium 
production facility at Oak Ridge, Tennessee.38 In biology the mass pro-
duction of penicillin, blood plasma, and vaccines provided biologists with 
a similar set of experiences.39

However, these experiences did not shift elite attitudes toward federal 
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cancer research. The body of medical experts installed at the NCI were 
capable of deflecting even the most forceful demands for federal action. 
In 1946, 60 percent of Americans named cancer as their most feared 
disease— heart disease, at 5 percent, was a distant second. A majority 
also supported increased taxes to fund a national “Manhattan Project” to 
cure cancer.40 Senator Neely, who had returned to Congress as a represen-
tative from West Virginia, proposed another “Mobilization of the World’s 
Cancer Experts” that would provide $100 million to aid cancer research. 
Congressional backing seemed assured, and even members of the ASCC’s 
successor organization, the American Cancer Society, expressed sup-
port. However, the surgeon general testified that the National Institutes 
of Health could spend only 2 percent of the proposed sum on research, 
given how “few trained persons in the country” were working on cancer.41 
While professing sympathy for the national interest in curing cancer, he 
maintained that unlike wartime engineering projects, anticancer research 
would be limited by the incomplete nature of “fundamental knowledge” 
about the disease.42 The director of the NCI concurred that the institute 
could not expand its research to absorb the funding windfall. This oppo-
sition slowed and eventually defeated the bill in a thicket of procedural 
objections as the 1946 legislative session wound to a close.43

The defeat of Neely’s second bill highlighted an emerging tension be-
tween those who sought to combat cancer and those seen as experts on 
the disease. For the elite members of the academic medical community 
who served as advisers to the federal government, the threat of a backlash 
from dashed public hopes seemed more dangerous than forgoing federal 
financial support. For these researchers, discussing the biological com-
plexity of cancer was therefore not only a plea for more knowledge, but 
also a means to restrain the kinds of action that the government, or any 
other organization, might take in the name of curing cancer. As long as 
these experts remained the dominant source of advice to the government 
through their position on the National Advisory Cancer Council, their as-
siduous pessimism would limit options for federal intervention.

Chemotherapy, a New Frame for Cancer

Although the Second World War itself did not directly translate into a 
wider role for the federal government, it did instigate a shift in how some 
philanthropies understood the management of medical research. Progres-
sive Era philanthropies had sought to foster scientific research through a 
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rational management process. The National Research Council (founded 
as a joint effort of corporations and the National Academy of Sciences in 
1916), the Carnegie Institute of Washington, and especially the Rocke-
feller Foundation sought to support and guide the growth of particular 
areas of academic research through means such as postdoctoral fellow-
ships. These efforts tended to focus on efficiency in terms of making sure  
that money was spent well instead of on the urgency of solving any partic-
ular problem.44 As a result, those efforts had remained deferential to the 
preferences and interests of individual scientists. The Second World War 
energized those who saw the potential of biomedical research organized on 
a more widespread and aggressive scale. Two campaigns, to develop a polio 
vaccine and to identify promising chemotherapies for cancer, illustrate how 
the template of wartime urgency started to shift expectations regarding the 
organization of peacetime biomedical research.

In the aftermath of the Second World War, radiation and surgery 
 remained the principal orthodox treatments for cancer. Neither of these 
two areas of therapy were congenial to large- scale planning, and the clinical 
skill required for either one did not admit a leading role for research. The 
NCI had made one notable interventionist effort in cancer care after its 
establishment, spending half of its annual budget on radium for distribu-
tion to hospitals, but this effort was quickly curtailed by oncologists on 
the National Advisory Cancer Council.45 However, during the late 1940s 
the emergence of a new means of treating cancer, chemotherapy, inspired 
hopes that cancer research could be managed and coordinated. Chemo-
therapy, the idea of synthesizing chemical compounds to treat disease,  
arose out of the nineteenth-century German dye industry, which produced 
numerous potential therapeutic agents derived from coal tar. The devel-
opment of the anti- syphilis drug Salvarsan (arsphenamine) in 1909 in-
spired hope that similar “magic bullets” could target cancer and other 
diseases. However, none of the compounds tested in the 1920s or 1930s 
offered promising therapeutic results.46

The Second World War invigorated the prospects of cancer chemo-
therapy at a practical and a philosophical level. During the war, the Com-
mittee of Medical Research of the Office of Scientific Research and De-
velopment used contracts to speed the development of chemotherapies 
for several illnesses, most notably malaria and bacterial infections.47 The 
most striking success of this federal effort was the mass production of the 
antibiotic penicillin, discovered by happenstance in 1928 when a microbi-
ologist in England found that a mold was killing his bacteria cultures. Phar-
maceutical companies built on these wartime federal programs, screening 
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thousands of molds gathered from around the world to identify more  
antibiotic compounds. The rise of antibiotics, a “magic bullet” against in -
fection, exerted a strong hold on the imagination of others planning bio-
medical research: major therapeutic advances could happen as a result of  
scale and serendipity even when a deep intellectual understanding of dis-
ease was absent.48

Cornelius P. Rhoads, former leader of the US Army’s Chemical War-
fare Service, helped forge critical connections between military studies 
and charitable cancer research. From his supervision of chemical warfare 
research, Rhoads was aware that researchers at Yale Medical School, 
working under secret contracts, had determined that nitrogen mustard, 
or “mustard gas,” could produce startling, albeit temporary, remissions 
of leukemia and lymphoma.49 Rhoads emerged from the war as a staunch 
advocate of the idea that cancer cells could be attacked by chemotherapy 
just as antibiotics attacked bacteria.50 He gained the resources to pursue 
his ambition for large- scale cancer chemotherapy when he accepted an 
invitation from General Motors executive Albert Sloan to direct an insti-
tution with the intent of adapting industrial research strategies to cancer. 
While universities and philanthropies had eschewed research planning, 
American industry had not. Starting with railroads in the late nineteenth 
century, corporations developed a distinct “managerial class” to coordi-
nate their complex operations across vast expanses of territory.51 Westing-
house, DuPont, Bell Telephone, and General Electric, rather than relying 
on the genius of individual inventors or academic consultants, established 
laboratories to satisfy their need for technical expertise and innovation.52

In 1945 Rhoads became the director of the newly founded Sloan- 
Kettering Institute in New York. At a time when the NCI received five 
hundred thousand dollars annually, the Sloan- Kettering Institute opened 
with a $4 million endowment. Like General Motors, the institute was 
organized according to a problem- oriented, interdisciplinary divisional 
structure, not by conventional academic disciplines. The process of iden-
tifying and studying possible chemotherapy agents for cancer, as Rhoads 
advocated, was a project perfectly suited to the institute’s scale and organi-
zational ethos. Along with the Institute for Cancer Research in Philadel-
phia, the Sloan- Kettering Institute launched an ambitious effort to screen 
compounds as potential anticancer chemotherapy agents. However, few 
promising compounds emerged. Various candidates either produced very 
short remissions or proved too toxic for use in patients.53

The “screening” approach to chemotherapy using animal models, pat-
terned on the success of screening for antibiotic compounds, also ran afoul 

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



73policymakers and philanthropists

of the emphasis that many academic biologists placed on developing “fun-
damental” knowledge of cancer that would ground a “rational” therapy in 
humans.54 Critics pointedly noted that the “volume of research” discussed 
in the scientific and popular press ran the risk of creating a “feeling that suc-
cessful control of malignant disease through chemotherapy was imminent,” 
even though screening remained beset by “gaps” and “lags.” Compounds 
identified as anticancer agents in animals appeared to have dubious clinical 
use.55 “One cannot witness the kaleidoscopic appearance and disappear-
ance” of potential compounds, an observer wrote, “without becoming pes-
simistic.”56 Nonetheless, interest in chemotherapy continued to grow.57

The successor to the ASCC, the American Cancer Society (ACS), strug-
gled with how it would support chemotherapy work. Reflecting the views of 
its academic scientific advisers, the ACS remained committed to the view 
that cancer research was a “highly individualistic enterprise” and that “dis-
coveries of great practical significance” were “more dependent upon the 
quality than upon the quantity of scientific investigators.”58 The industrial- 
scale screening of many compounds to gain prosaic information such as 
toxicity and dosage levels did not appear to meet its definition of research. 
Beyond the substantial expense associated with screening tens of thousands 
of compounds, the next stage of drug development, clinical trials, required 
support for hospital facilities. Here too, the ACS wrestled with how its 
research mission related to the sponsorship of clinical trials. Subsidizing  
the care of terminal cancer patients, a population of individuals who were 
the possible recruits for chemotherapy trials, remained controversial for the  
ACS’s physician members.59 Barring exceptional circumstances, the prin-
cipal arm of the ACS research program— the Committee on Growth su-
pervised by the National Research Council— declined to assume the costs  
associated with “hospital beds, nursing care, or related services.”60 For 
these reasons, screening for chemotherapy remained the domain of a  
limited number of institutions that integrated laboratory and hospital 
facili ties, chiefly the Sloan- Kettering Institute. However, as is discussed in 
chap  ter 4, public expectations soon outstripped the capacity of these vol-
untary organizations and created new pressure for federal intervention.

Polio Vaccination and New Urgency for Biomedical Research

The development of the Salk polio vaccine by the National Founda-
tion for Infantile Paralysis (NFIP) during the 1950s is an iconic medical 
breakthrough in the modern American imagination.61 The polio vaccine 
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represented a milestone for biomedical research, not only for what it did 
but for the way that the NFIP framed its fund- raising for research as a 
matter of combating childhood disease, which provided a potent template 
for future advocates of other biomedical research efforts. After a notori-
ous outbreak among children in New York City, polio seized the national 
imagination in 1916. While the number of deaths that summertime po-
lio outbreaks claimed was small compared to other threats to children’s 
lives, such as pneumonia, the painful paralysis that it inflicted on survivors 
made polio a target of particular fear.62

The most famous survivor of polio, however, caught the disease in 
adulthood: future president Franklin Delano Roosevelt. After he became 
paralyzed, Roosevelt became involved in charitable efforts to provide re-
habilitation services to polio survivors at a resort in Warm Springs, Geor-
gia, a town known for its mineral springs. When he returned to political 
life, he turned leadership of these activities over to his law partner, Basil 
O’Connor. Both men sought to use Roosevelt’s ascent to the presidency 
as a way to rally support for polio fund- raising. In what became an annual 
event, on January 29, 1933— Roosevelt’s birthday—  O’Connor organized 
thousands of “Birthday Balls” to raise money for the Warm Springs Foun-
dation. Like the National Tuberculosis Association’s campaign, this effort 
focused on the public as a whole rather than on a few wealthy donors. 
The President’s Birthday Ball Commission used a full range of aggres-
sive public relations techniques— including radio broadcasts, appeals by 
celebrities in movie theaters, and airplane barnstorming— to “sell” polio 
fund- raising not to affluent donors but to millions of modest ones. The 
success of this strategy was evident. Even as charitable giving slumped 
during the Great Depression, giving to the Birthday Balls rose.63

This fund- raising strategy, while initially successful, hit an impasse in 
the late 1930s that forced the polio campaign to take a new direction. Ris-
ing partisan rancor surrounding the New Deal blunted the fund- raising 
appeal of Roosevelt’s image. Moreover, the main beneficiary of the Birth-
day Balls— the Warm Springs Foundation—  operated on a social services 
model, helping children who visited the springs. Critics of Roosevelt and 
the Birthday Balls questioned whether a national organization was neces-
sary, arguing that the money sent to Warm Springs might be better spent 
within local communities.64 Beset by these challenges, O’Connor and 
Roosevelt chose to inaugurate a new strategy for medical philanthropy, 
establishing the NFIP in 1938. Under O’Connor’s leadership, the NFIP 
cut its overt ties to Roosevelt and emphasized the research work that 
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donations would support. From the scientific advisers of the Birthday 
Balls, O’Connor recruited a staff of respected virologists to supervise the 
NFIP’s Committee on Scientific Research, which underwrote generous 
multiyear grants to a broad range of virus studies on the hope that they 
would give insight into the nature of polio.65

O’Connor refashioned the public relations strategies developed by the 
fund- raising arm of the NFIP, the March of Dimes. The advertisements 
run by the March of Dimes pioneered the use of unabashedly sentimental 
images of children and confidently promised its donors imminent break-
throughs. The March of Dimes used images of children to underline the 
moral imperative of preserving childhood life, elevating the effort to cure 
polio to the level of what a later chronicler called “a holy quest.” Buoyed 
by this campaign, the NFIP raised an average of $25 million annually be-
tween 1938 and 1962— far beyond what any medical philanthropy had 
raised before.66

This new fund-raising style created new tensions between the NFIP  
and the scientists that it supported. One virologist recalled, “Most of us 
were motivated mainly by curiosity and by the challenges of the many un-
solved problems concerning the interaction of virus and host, rather than 
by the hope of a practical solution in our lifetime.”67 Yet the NFIP operated 
without a reserve endowment or wealthy donors capable of ameliorating a  
fund- raising shortfall. One unsuccessful fund- raising year risked stalling 
its research program as a whole. As an organization the NFIP “could not 
appear sluggish or over- cautious. It was trapped within its own image of 
dynamic optimism.”68 A memo to members of the NFIP Speaker’s Bu-
reau cautioned, “The word ‘soon’ can be variously interpreted; it could 
mean tomorrow or next year. In fact, we do not believe it will be either 
tomorrow or next year, but probably will entail at least several years.” 
Therefore, “we must not mislead the public into thinking that all of these 
problems can be licked overnight.”69 However, a pamphlet published 
within the same year as this admonition foretold, “The conquest of polio 
is now in sight.”70 O’Connor became increasingly frustrated by the diverg-
ing aims of scientists and the NFIP. He scrawled in the margins of a report 
in 1945: “No— No— let’s have a new philosophy of doing things in medi-
cine. . . . Let [us] see how quickly we can do it . . . and not get lost on how 
we can study it. . . . We get money to spend— and from the people.”71

To address the dissonance between the rhetoric of its successful fund- 
raising campaigns and the attitudes of its scientists, the NFIP launched 
a wholesale reorganization of its research efforts in 1946, under the 
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figure 3.2. The “poster child” images of the March of Dimes established a new and powerful 
rhetoric of urgency around childhood disease research. Image courtesy of March of Dimes 
Archives.

leadership of a new director of research, Harry Weaver. Weaver was in-
spired by the success of the development of penicillin during the Second 
World War to refocus the NFIP’s resources on the development of a vac-
cine, a task that had been abandoned by virologists after several public 
failures in the late 1930s. He wrote that the solution to the problem of 
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polio required “group planning and the pooling of ideas and resources . . . 
a master plan which would permit a cheaper and quicker solution than is 
possible by the individual approach.”72

Many grantees of the NFIP protested Weaver’s restructuring of the 
research program. In the face of this dissent, Weaver did not waver in 
his ambition. Instead, he recruited younger, less established researchers 
who were willing to pursue the projects he deemed necessary. Famously, 
Weaver appointed Jonas Salk to oversee an expensive and repetitive ef-
fort to determine how many strains of polio virus existed, a critical step 
toward developing a vaccine. The testing and production of the Salk vac-
cine as a whole presented a monumental testament to the power of coor-
dinated and well- funded biomedical research.73

While the case of polio might appear to rebut the argument that bio-
medical research could not be organized, it did nothing to create oppor-
tunities for increased federal intervention. Given its reliance on voluntary 
philanthropy, the NFIP was a steadfast opponent of federal intervention 
against polio. As an epidemic disease menacing the health of children, po-
lio was an area of public health research meriting federal attention twice 
over. Within social welfare and public health policy, child welfare was one 
of the few areas where the federal government had a long tradition of ac-
tion.74 During the late 1940s and early 1950s, legislators introduced several  
bills seeking to use federal resources to fight polio. The NFIP opposed these 
bills, pointing to its own “vast research program” and averring, “There is 
no real need, or necessity” for federal intervention against polio. Federal 
involvement would do “great damage to the cause of battling this dread 
disease.”75 The foundation painted a grim portrait, redolent of the anti-
communism of the early Cold War, of the active harm that federal involve-
ment would bring about. Would volunteers “evince the same enthusiasm, 
the same interest— these 30,000 people . . . if the word goes out that the 
Government is taking over? . . . You have the Government taking care of 
the personal diseases of our people, a completely totalitarian idea that 
never was intended in America.”76

The NFIP’s stark rhetoric rested on the assumption, widely held before 
the Great Depression, that there was a zero- sum relationship between 
federal action and contributions to philanthropies.77 A congressional rep-
resentative sympathetic to the NFIP echoed its anxiety that government 
intervention would “interfere with the making available of large funds by 
private individuals and agencies.” If the public thought an “all powerful 
Federal Government” would handle these efforts, then they would have 
no motive to continue to contribute to voluntary organizations.78 Because 
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of its strenuous lobbying, the NFIP’s research effort vastly exceeded that 
of the federal government against polio, and the release of the Salk Vac-
cine in 1955 was a public relations triumph for the NFIP and the voluntary 
sector, not for federally supported biomedical research.79

Contesting the Rule of Experts

The structure of the associative state left cancer specialists as the gate-
keepers for defining anticancer policy and, in a broader sense, in con-
trol of setting the boundaries of what progress society could hope for in 
combating cancer. In the 1920s, voluntary and professional organizations 
framed the cancer problem in ways that sought to dampen hope for a cure 
on the part of the public. Cancer was a feared disease, likely incurable un-
less detected very early. This message addressed what these organizations 
regarded as the primary danger posed by the disease: overzealous calls for 
intervention and challenges to the authority of the medical community. 
Thus, their gatekeeping status succeeded in deflecting or minimizing calls 
for federal mobilization against cancer.

The voluntary sector’s understanding of the cancer problem played a 
critical role in constraining federal intervention, but its understanding 
was not static. Vaccination and chemotherapy produced changes in the 
understanding of cancer that opened new avenues for the organization 
of biomedical research and offered the possibility for a new federal role. 
However, growing optimism about biomedical solutions to the cancer 
problem did not yet suggest that the federal government should take a 
leading role in fostering these solutions. Many medical philanthropies, 
such as the NFIP, remained stalwart opponents of federal intervention in 
research. The growth of the NCI into the flagship organization for bio-
medical approaches to cancer required a further shift in how some ambi-
tious medical philanthropists envisioned their relationship to the state, 
one driven by the frustration of their campaigns on behalf of national 
health insurance after the Second World War and the emergence of the 
biomedical settlement.
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The Biomedical Settlement and the 
Federalization of the Cancer Problem

At midcentury the restraints on federal participation in cancer re-
search weakened and then broke. Twenty years after the National 

Cancer Institute (NCI) was founded in 1937, its budget exceeded, and 
soon thereafter vastly surpassed, the budget of any voluntary agency pur-
suing anticancer research, a status that it maintains to the present day. 
The pressing question was no longer whether the federal government 
would play a role in anticancer research, but how large that role would 
be. However, the federal government did not mobilize against cancer be-
cause the established cancer control community shifted its stance. This 
chapter explores how the federal government became involved in anti-
cancer research despite the challenges and obstacles discussed in chapter 3. 
It might seem that the American government’s expanding role in cancer 
research was part of its larger expansion as it confronted the twin chal-
lenges of the Great Depression and the Second World War. But it was 
not. Health and medicine were one sector of society where the federal 
government found its expansion checked during the New Deal and its 
aftermath. Medical and business groups succeeded in defeating several 
efforts to provide health security through a program of national health 
insurance, most notably President Truman’s effort during the “Fair Deal.” 
Even as confidence in the power of scientific research grew overall, the 
surgeon general, the American Cancer Society, and prominent cancer re-
searchers doubted that a large- scale federal campaign against cancer was 
desirable or even possible.

The expansion of the NCI reflected the rise of new forces in the realms 
of medicine and philanthropy. Though it followed a different path than 
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better- known efforts aimed at economic and social security, the growth of 
federal support for biomedical research raised similar questions regard-
ing the role that the government would assume in American society in the 
second half of the twentieth century.1 The growth of the NCI highlights 
the fact that the boundaries of state intervention in American life were 
not set at the end of the New Deal but underwent a continuous process of 
revision that played out through legislation, administrative politics, and 
backroom lobbying.2 The federal government became involved in cancer 
research through a set of conflicts, negotiations, and compromises among 
a growing cast of participants from the public health, legislative, philan-
thropic, and medical communities.

Mary Woodward Lasker, an advertiser, art dealer, and New Dealer 
who became a powerful advocate for health research after the Second 
World War, was one of the most adroit of a new group of activists that 
sought to draw the government into the cancer problem. After the fail-
ure of Truman’s national health insurance proposal, Lasker and others 
made a fateful decision to focus on biomedical research as the best way to 
use federal resources to protect and advance the health of the American 
people. Lasker’s role outlines how shifts in the private sector facilitated 
the emergence of the “biomedical settlement,” creating the conditions 
for federal efforts against cancer on a previously unimaginable scale. 
Whereas the “submerged” private sector had at first hindered the expan-
sion of the federal government into cancer research, by the 1950s it served 
to promote it.3

Lasker’s efforts on behalf of the NCI also demonstrate the political 
character of claims about the nature of cancer as a disease. The growth 
of the NCI took place over opposition from the very experts it aimed to 
support. Members of the clinical and scientific communities continued to 
describe cancer as complex and mysterious— and therefore a matter be-
yond state intervention. Faced with this pessimism, Lasker and her allies 
looked for new ways to frame cancer alongside new channels of political 
influence. Finding and highlighting ways to present cancer as a know-
able, and curable, disease— particularly through the new field of chemo-
therapy for childhood cancer— provided political and moral leverage for 
federalizing cancer research. The consequence of this strategy, however, 
was a persistent tension between the way activists encouraged the pub-
lic to understand the problem of cancer and the way cancer experts ap-
proached the disease. Lasker and her allies encouraged increasing federal 
spending on cancer research to discover a cure for the disease, while the 
recipients of this support did not envision that their biomedical inquiries 
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would result in therapeutic progress. Although cancer viruses were not 
initially part of the biomedical settlement, it came to include them later in 
the 1950s, when vaccination promised a means of addressing this growing 
tension between scientific inquiry and therapeutic goals.

Mary Lasker and the Operation of the Biomedical Settlement

While federal cancer spending benefited from growing public concern for 
cancer, public concern alone could not account for the expanding role of 
the federal government in light of the political headwinds against fed-
eral intervention in both health and research after the Second World War. 
Rather, this dramatic expansion owed its origins to the creation by ac-
tivists and legislators of a new political culture around cancer research. 
Confronting the pessimistic stance of prevailing medical opinion toward 
the potential of research, advocates for federal involvement developed 
an alternative set of experts and provided them with political access to 
shape cancer research on a national scale.4 This new culture was not the 
product of a mass movement, but the work of a small group of advocates 
with a commitment to a vision of federal cancer research initially not 
shared by legislators or cancer experts. Following Lasker’s political and 
philanthropic activities helps illuminate how expertise and power were 
drawn together in new ways to shape federal cancer policy after the Sec-
ond World War.

Born Mary Woodward in Watertown, Wisconsin, in 1900, Lasker grad-
uated from Radcliffe and studied art at Oxford. Arriving in New York in 
1926, she established herself as a successful gallery owner and later as a 
designer of textiles. Through her work, she met Albert Lasker, a wealthy 
and well- connected advertising executive best known for his work for the 
Lucky Strike cigarette company, such as the notorious “Reach for a Lucky 
instead of a Sweet” campaign.5 Mary and Albert married in 1940. The two 
shared a commitment to party politics, although for different parties. The 
summer after their wedding Albert and Mary celebrated with a “honey-
moon of conventions.” Mary, an ardent New Dealer, was an advocate for 
national health insurance and birth control. Albert was a moderate Re-
publican who had provided public relations advice to Warren Harding’s 
1920 presidential campaign.6

Whatever their political differences, Mary and Albert both had great 
enthusiasm for the potential of medical research to improve human health. 
Mary attributed her interest to her own family’s experience with illness. 
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figure 4.1. Mary Woodward Lasker (1900– 1994), about 1940. Lasker was one of the most 
significant activists on behalf of biomedical research after the Second World War. Photograph 
by Dorothy Wilding. Courtesy of John Hustler and the UK National Portrait Gallery.

Both were confounded by the general indifference they encountered when 
they spoke to doctors around New York about ways of increasing the quan-
tity of medical research. In 1942 they established the Albert and Mary Las -
ker Foundation, a philanthropic effort to encourage biomedical research.7  
After the death of a member of her household staff from cancer in 1943, 
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Lasker sought to understand why doctors had been unable to offer better 
treatment. She was struck by a claim made by a member of the American 
Society for the Control of Cancer that with more money— around five 
hundred thousand dollars annually— a cure for cancer would be possible. 
While this figure roughly matched the annual budget for the NCI at the 
time, it seemed to Lasker that the sum was small in comparison to the 
good that it might accomplish.8

Lasker recalled in later years that as she became an active fund- raiser 
for the ASCC, she was stunned to learn that “they had been in business 
for 36 years and not raised a cent for research.” Such indifference to re-
search reflected the dominance of the ASCC by surgeons, who saw little 
use for biomedical approaches to cancer. Albert and Mary used their own 
fortune to subsidize the ASCC’s fund- raising efforts— extracting a prom-
ise from the society that it would devote one- quarter of the funds raised to 
research activities.9 Despite these steps, the Laskers were concerned that 
the ASCC would remain too restrained in its anticancer efforts. In 1944 
they conspired with their allies to wrest leadership of the ASCC from phy-
sicians and install health activists drawn from the New York business com-
munity on the board of the renamed American Cancer Society (ACS).10 
The ACS placed research at the center of its annual fund- raising drives, 
invoking the new motto “research and progress” instead of “fight cancer 
with knowledge.”11 While the ACS public affairs staff acknowledged that 
many of the stories featured in these campaigns held no “direct bearing 
upon cancer in humans,” the ACS saw very real value, supported by rising 
donations, in telling the public about the “minor and major battles waged 
in winning” the “war on cancer.”12

Refocusing the mission of the ACS on research also drew power away 
from local chapters of the organization, which were under the leadership 
of doctors, and toward the central leadership, which was aligned with the 
Laskers. Funds raised for cancer education or social services were often 
distributed locally, but the ACS channeled the evaluation of research 
grants through its national office in New York, which claimed the scien-
tific expertise necessary to review the merits of these projects. The em-
bodiment of this impulse was the creation of the “Committee on Growth” 
in 1946, an initiative funded by the ACS and supervised by members of 
the National Research Council of the National Academy of Sciences to 
distribute financial support for long- term research on the nature of cancer 
among the “basic sciences.”13

As the Laskers remade voluntary cancer philanthropy, Mary was 
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also at work as an advocate for national cancer policy. Her choices as an 
 activist illustrate the important role that philanthropic advocacy played in 
forming the biomedical settlement. The mobilization of the federal gov-
ernment in anticancer research during these years was not the result of 
popular pressure as much as of the efforts of activists to outmaneuver 
the influence that the medical profession wielded in Washington’s politi-
cal arena. Mary’s marriage to Albert brought her into contact with other 
well- connected individuals who shared her New Deal views, such as Flor-
ence Mahoney, the wife of a Miami newspaper publisher with connections 
to several senators. These connections provided the nucleus of Mary’s 
first lobbying efforts in Washington. Through a political ally of Mahoney, 
Democratic Florida senator Claude Pepper, Lasker became one of the 
advocates of Representative Matthew Neely’s “Manhattan Project” bill to 
cure cancer in 1946.14

Just after this bill failed to pass Mary’s most ambitious legislative cause, 
national health insurance, also floundered. For scholars of American po-
litical history, the seating of the 80th Congress in 1947, after the Republi-
can Party succeeded in regaining control of the House of Representatives 
in the elections of 1946, is notorious for its efforts to diminish or reverse 
the most ambitious elements of the New Deal amid the anticommunist po-
litical environment of the early Cold War. This Congress, with the urging 
of the American Medical Association, helped defeat President Truman’s 
proposal for national health insurance and placed a check on the further 
growth of the New Deal’s social welfare agenda. It appeared likely that 
the attitude of the National Foundation for Infantile Paralysis and other 
voluntary medical philanthropies would succeed in erecting a permanent 
barrier to the expansion of the federal government into biomedical re-
search.15 The 80th Congress also witnessed the beginning of contentious 
debates over a “National Science Foundation,” pitting the plans of New 
Deal Democratic senator Henry Kilgore for state- directed scientific plan-
ning against a much more restrained organization envisioned by Roose-
velt’s science adviser Vannevar Bush and his conservative allies in Con-
gress. The report that Bush produced to buttress his position, Science: 
The Endless Frontier (1945), subsequently became a touchstone for advo-
cates of the position that the federal government should support “basic” 
research— but not direct it.16

These setbacks did not dissuade Mary from continuing to pursue “a re-
ally big scale dynamic research program,” but they did cause her to adjust 
her focus.17 Mary’s new lobbying effort began from the premise that if the 
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government would not provide health security directly through insurance, 
then it could indirectly promote health by sponsoring medical advances. In 
this effort, she was moved by Albert’s earlier service as a member of the 
US Shipping Board during the First World War and the enduring impres-
sion that the power of “federal money” had left upon him.18 Unlike the 
leadership of the NFIP, Mary envisioned the federal government not as a 
competitor in fund- raising efforts but as a supplier of research and training 
services, while the ACS would focus on public education and innovative 
science. “There’s so much to be done in the field of cancer,” an ACS annual 
report commented, “that there is no room to quibble over the line between 
the responsibility of government and enterprise.”19

Lasker turned her resources and energy to understanding and master-
ing the levers of power that moved medical research policy in the nation’s 
capital. As a Democratic donor and activist, she was already aligned with 
the party that controlled both chambers of Congress, with a few lapses, 
from the 1930s through the 1990s. Building on these connections, Lasker 
retained an experienced lobbyist, Colonel Luke Quinn, as her personal 
representative in Washington. Their correspondence gives a sense of the 
subtle routes of influence that Lasker developed within the machinery of 
government in the service of her effort to expand support for cancer re-
search.20 Lasker often sought to use her social connections in New York as 
a source of influence. In one instance, Quinn wrote to inform Lasker that 
the new assistant director of the Budget Office might be within the social 
orbit of one of her friends, given his previous position at the National City 
Bank in New York. The budget process was complete for that year, but 
Quinn hoped to “cultivate him at as early a date as possible” so as to be 
ready for the next round of appropriations.21

When issues related to cancer appeared in other hearings, such as the 
possible carcinogenicity of some dyes used in food, Quinn sought to find 
witnesses sympathetic to cancer research to appear before the commit-
tees involved.22 Lasker could also be more direct. Enclosed with a one- 
thousand- dollar donation to one senatorial candidate was her note, “I 
understand . . . that you have always been sympathetic to Federal appro-
priation for federal research in cancer. . . . I do hope you will be elected 
to the Senate and will be helpful to the various voluntary groups who are 
dedicated to assuring funds are available to keep people alive and well.”23 
Friendly legislators also provided Lasker with invitations to social events 
in Washington where she could speak with administrators in the NCI and 
the National Institutes of Health.24

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



86 chapter four

Lasker soon determined that the organization of the House and the 
Senate worked in favor of her political connections. Congressional rules 
during these years gave the leaders of committees and subcommittees 
broad discretion over the progress of legislation and the setting of bud-
gets for federal agencies. The defeat of Neely’s bill to cure cancer, or of 
initial efforts to establish the National Science Foundation in the late 1940s, 
suggested that seeking to increase federal cancer research through stand- 
alone legislation was risky. A lone opponent could derail a bill’s progress 
through the House or the Senate. Yet the power of individual legislators 
in the appropriations process could work to Lasker’s advantage. A few 
well- placed allies in the governing party could direct substantial support 
to favored projects, especially in an area with few other well- established 
constituencies.25 With the cooperation of these allies, Lasker sought to 
increase federal support for cancer research not through new legislation 
but through the budget process. She soon fashioned alliances with Repre-
sentative John Fogarty (D- RI) and Senator Lister Hill (D- AL), who rose 
to chair the committees overseeing the Public Health Service by the early 
1950s. Both of these legislators might have already been inclined to back 
federal funding for health research, but their contact with Lasker gave 
them the impetus and scientific backing to dramatically increase appro-
priations for the NCI in the 1950s.26

While Lasker’s efforts have long been acknowledged by political ob-
servers as critical to the NCI’s growth, they have often been unaware of 
the labor that went into the moments of public testimony. Her prepara-
tions underline the importance not only of political influence, but also  
of new cultures of expertise for allowing the federal government to enter  
cancer research. At the beginning of Lasker’s lobbying campaign, the can-
cer experts who traveled to Washington on behalf of the ASCC or the 
American Medical Association (AMA) had been uniformly skeptical of 
an expanded role for the government. Lasker responded not by trying 
to change the opinion of these experts, but by recruiting a new cohort of 
specialists to lobby Congress on biomedical issues that arose during the 
appropriations process. Months before the process started, Lasker and 
Quinn started to discuss possible witnesses, with an eye toward making 
their testimony as engaging as possible. The aim of presenting these wit-
nesses in early hearings, held in subcommittees under the eyes of friendly 
legislators, was to “put ammunition in the hands” of allies seeking in-
creased funding of the NIH and NCI during general debate on the floor 
of Congress.27 Before one hearing, Quinn asked Lasker for her opinion on 
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a lineup of doctors, commenting that the speakers the previous year had 
been “a little bit dry.”28 Reporting on the appropriations hearings in 1955, 
Quinn praised their staging. Senators and witnesses worked together to 
“underscore” remarks for the record, even though one of the doctors 
was “somewhat long and tiring,” spending too much time on a discussion 
of “research itself.”29 Quinn was especially pleased with one physician- 
witness, who had brought along several live rats and mice, creating an 
effect that was “quite dramatic.”30

NIH administrators sympathetic to Lasker’s goal, such as longtime 
NIH director James Shannon, also became a part of the theater. In pre-
pared exchanges, legislators would appear to intensively question admin-
istrators about whether the “official” budget adequately supported can-
cer research. The answer from the administrators was invariably that 
more money could be usefully spent, and the committee would have its 
evidence to justify increasing the budget of the NIH.31 By the mid- 1950s, 
Lasker exercised substantial influence over both the expert advice sup-
plied to Congress about cancer and the machinery of appropriations for 
federal spending on biomedical research. In Quinn’s eyes, Lasker’s efforts 
could occasionally be too successful. On the eve of the appropriations 
process in 1954, Quinn groused that the Public Health Service had sub-
mitted an unusually low official budget because, he said, “it is obvious that 
the PHS counts on us to get increases.”32

Lasker also benefited from the indifference toward cancer research on 
the part of other equally politically savvy constituencies. Since cancer re-
search did not appear to impinge on the economic prerogatives of doctors, 
the AMA, preoccupied with the threat of national health insurance, re-
mained neutral on its expansion.33 The cancer research community itself 
had limited means of advancing its interests on the national stage, and 
Lasker controlled the ACS, the most prominent of these. The absence of 
other constituencies magnified the power of Lasker’s new experts. In one 
instance, a skeptical legislator dispatched a staff member to check some 
of the statistics Lasker presented to him during a meeting, only to find 
that the only other sources of information were from organizations allied 
with Lasker.34 However, the power of Lasker’s alliance was still limited by 
the broader antistatist views of doctors. Once, when she could not muster 
ACS support for a hospital construction bill, one of her oncologist allies 
wrote to her of his regret that the physician “rank and file” of the ACS 
remained in agreement with the AMA’s opposition.35

Lasker and the ACS proved, nonetheless, that cooperation between 
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philanthropy and the federal government could increase the resources 
available to both organizations.36 The ACS became the first medical phi-
lanthropy to adopt the relationship to the federal government that other 
social welfare groups had embraced during the Great Depression. While 
the budget for research at the ACS continued to grow, it was rapidly sur-
passed by appropriations to the NCI. In 1949 the budgets of the two orga-
nizations had been comparable, but by 1959 the NCI’s budget was double 
that of the ACS, and they diverged even more dramatically in the 1960s.37

Cancer as a Children’s Disease

With enthusiasm for scientific research rising, the cancer research com-
munity had ample opportunity to emphasize the incremental nature of 
their work as they sought to temper hope for a cure. These customary 
responses to public demands for a cancer cure, however, were rooted in 
a set of assumptions about the populations that cancer struck. The statis-
tics collected and the educational programs produced during the 1920s 
and 1930s encouraged the assumption that cancer struck adults. Until the 
late 1940s, the assumed victim of cancer was an adult, more often than 
not a middle- class, educated, white woman. The gynecological and breast 
cancers that struck this population were among the cancers that were 
relatively amenable to surgical intervention, and the ASCC had shaped 
its education campaigns accordingly. Its message— early detection, self- 
monitoring, and seeking out medical authority— reflected the assumption 
that fearful women were reluctant to talk to their doctors about possible 
cancer symptoms.38 Meanwhile, the causes of cancer were often sought in 
mood, diet, or other behaviors— doctors continued to minimize the po-
tential of heredity and contagion to cause cancer. The sum total of these 
messages was that, though cancer might be a feared disease capable of 
causing great suffering and death, the individuals affected by cancer bore 
responsibility for the course of the illness by virtue of their behavior.

After the Second World War, a new set of associations arose between 
cancer and children. Before this decade, the possibility that cancer would 
become visible as a children’s disease seemed slim. Childhood cancer cases, 
which compounded the general taboo associated with childhood death, did 
not appear in the education materials of the ASCC. Initially, this silence 
also reflected a genuine lack of awareness as to how many cases of cancer 
existed among children. With the decline of other childhood diseases in 
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the 1920s, cases of cancer became more noticeable among the causes of 
death in childhood. By the late 1930s, childhood cancers started to draw 
more attention at a few hospitals. Memorial Hospital in New York began 
to maintain a separate registry of childhood cancer cases, which formed 
the basis of Cancer in Childhood (1940), the first textbook on pediatric 
cancer. The connection between children and cancer gained further pub-
licity with the publication of Death Be Not Proud (1947), a memoir by the 
noted journalist John Gunther of his young son, who died of brain cancer. 
Media coverage captured the realization that cancer might be a disease of 
the young as well as of adults. “Cancer Kills Children Too!” announced 
an article in the Women’s Home Companion.39

The ACS and Memorial Hospital cautiously started to feature children 
with cancer as a part of their fund- raising appeals in the 1940s. As with  
polio, the public relations staff of these groups faced the dilemma of bal-
ancing hope for progress with therapeutic pessimism. Physicians and sur-
geons could promise very little in terms of improved treatment for the 
featured children. With no breakthrough treatment to offer, such appeals 
emphasized the duty of mothers to detect the early warning signs of can-
cer in their children, much as they should in themselves.40

The prospects of childhood cancer treatment improved dramatically 
in 1948, when Sidney Farber, the chief pathologist at the Children’s Hos-
pital in Boston, reported that he had produced dramatic remissions in 
children with leukemia by treating them with a set of compounds known 
as antifolates. Leukemia itself was an unlikely site for promising news 
about cancer treatment. Unlike tumor- forming cancers of tissues or or-
gans, leukemia involves the rapid growth of immature white blood cells in 
the blood stream, which thicken the blood, causing pain, fever, and death. 
Given its association with blood, oncologists and hematologists had only 
agreed on leukemia’s identity as a cancer just before Farber’s first results. 
Moreover, leukemia was especially challenging to diagnose in children, 
where the common form of leukemia, acute lymphatic leukemia, could 
easily remain undiagnosed during its rapid and fatal course— it was of-
ten misdiagnosed as fever. Even if leukemia was correctly diagnosed, the 
two major therapies for cancer, surgery and radiation, were of little use 
because they were designed to attack localized cancers. The same prop-
erty of leukemia that made it difficult to treat— its spread throughout 
the blood rather than its localization in compact tumors— also made 
this form of cancer particularly susceptible to chemotherapy, which also 
distributed compounds throughout the body.41 Although the remissions 
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figure 4.2. The fund- raising activities of the “Jimmy Fund” on behalf of Sidney Farber’s 
leukemia chemotherapy research deliberately quoted the visual rhetoric of the child- centered 
advertisements pioneered by the March of Dimes. Note the iconography on this coin- 
collection case, which features a wheel- chair- bound child wistfully watching baseball. Image 
courtesy of Dana Farber Cancer Institute.
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Farber attained were measured in months, the occurrence of any remis-
sion at all inspired immense excitement— these were not only the first re-
missions reported for leukemia, but were also among the first remissions 
from chemotherapy for any kind of cancer. Farber’s success in Boston 
provided new impetus for all chemotherapy efforts.42

Farber’s decision to embrace the link between children and cancer 
arose from the challenges he faced at Children’s Hospital. As a pathologist 
he was an outsider to the oncology community, which was dominated by 
surgeons, the professional group most likely to view chemotherapy with 
skepticism. Farber responded to this skepticism by reaching outside the 
hospital for support. He fashioned an alliance with several charities com-
mitted to child welfare writ large to create the Children’s Cancer Research 
Foundation (CCRF). In doing so, Farber focused on a particular subpop-
ulation of people at risk of leukemia, which according to contemporary 
epidemiology was a disease that largely struck adults.43 The fund- raising 
campaigns of the CCRF drew heavily on the iconography pioneered by 
the March of Dimes and, in a departure from earlier childhood cancer 
publicity, left no doubt that cancer should be thought of as a dread— 
and curable— disease in children. Famously, the CCRF introduced a 
child known as “Jimmy.” Unlike most treated children, Jimmy had seen 
his leukemia go into complete remission following chemotherapy. An all- 
American name meshed with the venues where the CCRF distributed its 
appeal. At baseball games, in movie theaters, and on radio broadcasts, 
the Jimmy campaign created an enduring icon of hope against cancer that 
cemented both the presence of cancer as a threat to children and the hope 
of a cure. This appeal was enormously successful. In four years the CCRF 
was able to finance the construction of the Jimmy Fund Building, a center 
for pediatric chemotherapy research, at the Children’s Hospital.44

The Cancer Chemotherapy National Service Center

The association of chemotherapy with the protection of childhood life 
proved a potent means of mobilizing popular support for chemotherapy 
research. Diseases of childhood did not exist within the same moral frame 
as adult illness. Children did not choose their circumstances, nor did they 
possess the education and awareness that adults might acquire about can-
cer. The cultural value attached to children and the horror inspired by 
childhood suffering rose rapidly during the 1930s and 1940s. Following 
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the deprivations of the Great Depression and the Second World War, the 
birth rate nearly doubled. During the most intense period of the “baby 
boom,” 75 million children were born. The care, housing, feeding, and en-
tertainment of these children shaped postwar American culture.45 Those 
developments completed a longer- running reevaluation of the worth of 
the lives of children, one that had begun with their removal from the labor 
force and incorporation into the domestic lives of middle- class families at 
the end of the nineteenth century.46

The mismatch between philanthropic capacity and public expectations 
for chemotherapy threatened to overwhelm the resources of voluntary 
cancer groups. The power of children to infuse biomedical research ef-
forts with moral urgency had already been suggested by the successful 
fund- raising campaigns of the March of Dimes, which used anticipated 
threats and anticipated cures to elevate the status of childhood disease 
research.47 The promise of chemotherapy soon placed burdens on cancer 
research organizations that they could not bear. Just as polio fund- raising 
had boosted hopes for a polio cure, appeals for the support of childhood 
chemotherapy raised expectations for the tempo of progress against can-
cer that even ardent advocates of cancer research funding struggled to sus-
tain. Research into cancer cures had never moved quickly, but the asso-
ciation of chemotherapy with childhood illness encouraged by Farber and 
others introduced the expectation that therapeutic advances should arrive 
not eventually, but rapidly.

Charitable organizations appeared unable to bear these new expecta-
tions alone. In the United States, only the CCRF in Boston, the Colum-
bia College of Physicians and Surgeons in New York, and the Sloan- 
Kettering Institute maintained the mixture of laboratory space and 
hospital beds that allowed for the screening of promising chemotherapy 
compounds and their clinical evaluation. Sloan- Kettering carried out 
the bulk of this work, accounting for roughly three- quarters of all che-
motherapy agents screened in the early 1950s.48 The leadership of the 
Sloan- Kettering Institute was keenly aware that it could not keep pace 
with the growing influx of possible compounds. In 1956 the director of 
Sloan- Kettering noted that the institute had screened twenty thousand 
compounds, at a cost of twenty dollars for each “primary” test. Against 
this accomplishment, the American pharmaceutical industry produced 
1 million potential compounds every year.49 Researchers faced an “al-
most unlimited number statistically of organic compounds” that could 
be tested, according to the chairman of the National Research Council’s 
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Medical Sciences Division.50 As early as 1950, one of the major patrons 
of Sloan- Kettering, the multimillionaire Laurance Rockefeller, wrote 
to a senator that while “private resources can and will continue to press 
forward,” more federal aid was necessary to maintain the “tempo of the  
attack.”51

The newfound sense of urgency associated with childhood chemo-
therapy, coupled with a growing awareness of the scale of chemotherapy 
screening, provided Lasker with grounds for imagining a new relation-
ship between cancer philanthropies and the federal government. Chemo-
therapy not only provided a problem on a scale demanding federal as-
sistance; it also provided a community of medical experts willing to break  
with the restrained attitude favored by surgeons and to make bold prom-
ises that cancer was curable. In the early 1950s, Lasker and the ACS turned 
their political resources toward lobbying for chemotherapy. When the 
ACS issued its first pleas for federal chemotherapy aid, some members 
of Congress were skeptical about the need for government intervention, 
quizzing witnesses as to the contributions of state governments or chari-
table foundations.52 The promise of protecting childhood life helped quell 
this skepticism, guided by Lasker and Quinn’s keen sense of legislative 
theater. Older associations of cancer with the threat of epidemic disease 
were one element of this appeal. Speaking at a hearing, the ACS’s repre-
sentative invited legislators to imagine that a new illness that struck one in 
five people and claimed more lives among children five to fourteen years 
old than any other disease had just appeared in New York. Soon, this 
same disease was in California. “This, you would agree, is an epidemic . . . 
such as we have never seen in this country . . . [a] national calamity.” This 
disease, of course, was cancer, which at that moment presented the same 
threat to the country, “at a somewhat slower rate.”53

A physician from Cornell Medical School underscored the special 
moral status of children when he assured Congress, “We feel that if a 
widespread and well organized and well supported program of investiga-
tion continued that it seems very probable that a real cure for this disease 
and for many other types of cancer can be found in the not too distant 
future. Our present goal . . . is to keep these children, as many of them as 
possible, alive in the hope that some of them may be here alive and kick-
ing when that discovery is made.”54 Farber appeared at a Senate hearing 
to guide his audience through images of people with cancer, including a 
young child treated for leukemia. He was able to assure a senator that the 
child’s present condition four years after treatment was “indistinguishable 
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from normal. . . . We can only wish that we could duplicate the set of 
 circumstances in the treatment routinely.”55

Congress responded with growing sums of money for chemotherapy 
research, which in turn provided a means of increasing overall federal 
spending on cancer. In 1953 Congress awarded $1 million to chemotherapy 
research at the NCI. The “full research potential” of chemotherapy was 
“not being exploited as fully as it is warranted,” its advocates concluded, 
even though the “serial examination of clinical agents . . . could suitably 
be engineered.”56 In 1955 Congress, under further urging by Farber and 
Lasker, directed the NCI to establish the Cancer Chemotherapy National 
Service Center (CCNSC). Rapidly growing federal support for che mo-
therapy research— $1 million in 1953, $5 million in 1955, and $20 mil lion 
in 1957— quickly outstripped private resources. Farber claimed that the 
chemotherapy effort constituted “the greatest mobilization of resources . . . 
ever undertaken to conquer a disease.”57

The administrators of the NCI, who might have been expected to re-
spond to this largesse with excitement, granted these initiatives a frosty 
reception. Like their colleagues in the voluntary sector, the leadership of 
the NCI doubted that the testing and screening of chemical compounds 
rose to the level of scientific investigation. After the decision of Congress 
to award $1 million to chemotherapy in 1953, the director of the NCI 
sought to diminish the sense that the extra money had been awarded with 
the “express intent” that the NCI devote it to chemotherapy. He main-
tained that the bill showed only that “Congress had indicated a special 
interest in . . . chemotherapy . . . with a special emphasis on leukemia.”58 
The director of the NIH sought to place the best face on the congressio-
nal demand, stating during the following year’s budget hearings that “the 
stimulus provided by the Congress may result in a truly national effort 
toward a cooperative and integrated search for agents useful in the treat-
ment of leukemia.”59 Here, the legislative power marshaled by the ACS 
proved critical to overpowering the more conservative role for the federal 
government envisioned by the leadership of the NCI.60

Reflecting the NCI’s misgivings about the intellectual worth of screen-
ing, the CCNSC opened as a semiautonomous part of the NCI. Through 
a new funding instrument for cancer research, federal contracts, the 
CCNSC coordinated closely with pharmaceutical companies to start test-
ing tens of thousands of compounds in animals for potential antitumor  
activity and later oversaw extensive human clinical trials, especially of anti-
leukemia compounds. Its efforts rapidly became the single largest budgetary 
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item at the NCI, eventually including cooperative clinical trials that spanned 
dozens of institutions under the direction of officers based in Bethesda.61 
Kenneth Endicott, the first director of the CCNSC, explained that the 
“spectacular temporary remissions in acute leukemia” made chemo-
therapy research a promising area for the NCI to coordinate cooperative 
work: “With the impetus given this field by Congress, it has been possible 
to bring together the pharmaceutical industry, research organizations, 
private investigators, and the United States Government, each contribut-
ing their varied skills and resources to implement an effective cooperative 
national program.”62

Once established, the CCNSC provided a beachhead for the further 
expansion of the federal government into other fields of cancer research. 
In the early 1960s, its staff pioneered the successful use of aggressive mul-
tidrug therapies for leukemia. Appropriations for the CCNSC grew much 
faster than any voluntary screening effort, and before long the contracts 
issued by the center sustained large- scale work at several centers across 
the country. It provided a new model for cancer research, with the govern-
ment actively supporting and coordinating efforts among pharmaceuti-
cal companies, hospitals, university laboratories, and the NCI. With the 
development of the CCNSC, the locus of experimental cancer research 
shifted to the federal government in other subtle ways. The scale of the 
CCNSC’s work prompted numerous innovations in the application of bio-
statistics to clinical trials and forged new links between oncologists at dif-
ferent institutions. Although the federal government did not possess the 
capacity to direct research in a top- down fashion through the CCNSC, 
the NCI was integral to the development of chemotherapy investigations 
after 1955.63

When it came to the fledgling field of cancer virus research, the CCNSC’s 
choice of model organisms went far toward resolving the reservations 
regarding the relevance of Gross’s mouse leukemia findings to human 
cancer— less by addressing earlier critiques than by creating a new com-
munity of researchers who implicitly accepted the relevance of mouse re-
search to human cancer. The CCNSC’s choice of two inbred mouse tumors 
and one strand of murine leukemia as the standard screen for anticancer 
activity helped elevate purebred mice as the “gold standard” model or-
ganism for cancer research.64 Endicott later confidently asserted that “in 
the mouse, leukemia is essentially a virus disease. . . . It can be prevented 
by several techniques of vaccination. . . . I, for one, do not believe there’s 
that much difference between a man and a mouse!”65
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Future Pathways for Federal Action

With the political alliances that the ACS and Mary Lasker had fashioned 
in place, annual appropriations for the NCI quintupled between 1952 and 
1962. The scale of federal spending on cancer outstripped the spending of 
voluntary organizations by orders of magnitude.66 This expansion came 
about as a result of a convergence of factors, but primary among them 
was the decision made by anticancer advocates like Lasker to pursue fed-
eral biomedical research funding as a pragmatic response to the difficul-
ties she and others faced in promoting federal health insurance— what 
I have called the biomedical settlement. The elite cancer specialists of 
the prewar ASCC, whose assiduous pessimism had restrained the expan-
sion of research against cancer, no longer controlled the machinery of 
federal policymaking. In their place, a new political culture of biomedi-
cal research had arisen. Its participants, combining the moral urgency of 
childhood disease philanthropy with a commitment to advancing health 
through government action, sought to identify and promote particular 
ways of approaching cancer that might result in cures. Chemotherapy, 
a new approach that required urgency and planning, was the first such 
ground for the biomedical settlement, but it was not the last. Its thera-
peutic promise and demand for resources charted pathways that future 
federal interventions would follow.

Federal support for chemotherapy fostered the dramatic expansion of 
a new community of cancer researchers who had a very different under-
standing of the cancer problem than surgeons and new ways of creating 
knowledge about the disease— most notably, drug screening and clinical 
trials.67 Chemotherapy fostered excitement that translated into a new will-
ingness to consider other neglected approaches to the cancer problem and 
created a community of experts willing to speak in favor of further federal 
intervention. With these new institutional tools and public expectations 
for addressing the cancer problem, administrators, legislators, and activ-
ists turned their attention to cancer viruses. In 1958 Congress, buoyed 
by testimony from the director of the NCI that “the stage was set” for 
“major breakthroughs” against cancer, allocated $1 million to study leu-
kemia viruses— a sum triple what the ACS spent on this field annually.68 
The dilemma of spending this money in a way that met the expectations 
fostered by the biomedical settlement, however, remained to be resolved.
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chapter five

Managing the Future at the Special 
Virus Leukemia Program

In 1964 the National Cancer Institute unveiled the Special Virus Leuke-
mia Program (SVLP), an ambitious effort to identify a human leuke-

mia virus and develop a vaccine. Befitting the urgency associated with the 
prevention of childhood leukemia, the program promised to do more than 
award grants to cancer researchers and wait. Instead, Life magazine en-
thused, the management of the program would “plan research and make 
results.”1 Speaking to a group of cancer researchers, Carl Baker, the assis-
tant director of the National Cancer Institute and the program’s architect, 
reminded his audience that leukemia killed dozens of people daily, many 
of them children. Organizing cancer research to meet its goals as quickly as 
possible was as critical a “methodological” question as any point of labo-
ratory technique, he concluded.2 The scale of the SVLP matched its ambi-
tious organization. It devoted to leukemia virus research alone upwards of 
twenty- five times what the American Cancer Society spent annually on the 
whole of cancer virology.3

At a time when biology and medicine were still “small science,” the 
creation of the SVLP forced questions of “big science”—  organization, 
centralization, and state intervention— to the fore.4 The creation of the 
program marked a further development in the federal government’s grow-
ing role in cancer research. Earlier, the leadership of the NCI had dis-
avowed the idea that it might attempt to manage research outside of lim-
ited contexts, despite the growing hope fostered by Mary Lasker and her 
allies that biomedical research could produce a cure for cancer. “Scientific 
research is largely a cumulative process,” the director of the NCI had writ-
ten in 1957, in response to a senator concerned about progress against  

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



98 chapter five

cancer. Even growing budgets could not distract from the NCI’s dedi-
cation to the “freedom of scientists to pursue freely and independently 
 avenues of investigation which their studies indicate are most promising.”5 
The SVLP promised to change this relaxed attitude. Further confound-
ing traditional research arrangements, the rapid growth of the SVLP  
occurred despite a persistent dearth of evidence that its central target, a 
human cancer virus, existed. In fact, numerous experts in virology and on-
cology forcefully maintained that viruses played no role in human cancer. 
For the conventional process of vaccine development, these protestations 
would have presented a fatal obstacle. The expansion of the program for 
so many years in the face of such challenges is a sign that something dif-
ferent animated its operations.

The central innovation of the SVLP was a new way of thinking about 
human cancer viruses, not as objects in the laboratory but as administrative 
objects that served as the basis for planning and infrastructure. Even as they 
remained stubbornly elusive in the laboratory, human cancer viruses were 
the object of thousands of pages of description and elaboration in planning 
documents and memoranda within the SVLP.6 As scientists at the bench 
sought proof of human cancer viruses, Baker and others at the NCI drew on 
Cold War managerial theory to create a system that fixed cancer viruses as 
objects for administrative action. As administrative objects, cancer viruses  
possessed a different type of reality than that associated with objects  studied 
in the laboratory. Their existence was as much a matter of process as of 
their physicality.7 This managerial framework provided a means of building 
infrastructure to facilitate the emergence of the viruses— and to develop a 
vaccine— rather than passively awaiting their discovery.8

The SVLP’s exercise in future- oriented management also addressed 
problems that the NCI faced in the midst of its rapid expansion during the 
1950s and 1960s. Lasker’s political alliances had proved adept at marshal-
ing federal support for cancer research, but that funding would be jeop-
ardized if the NCI appeared to have no means of producing research ad-
vances. Developing a managerial framework for cancer viruses addressed 
both internal and external threats to the NCI’s legitimacy. The “reform” 
of the NCI’s organization prescribed by management theory allowed a 
new group, the administrators of the NCI, to claim a greater share of con-
trol over the direction of scientific research at the expense of academic 
physicians and scientists. Administrative objects performed a dual func-
tion: they made both cancer viruses and the community of cancer virolo-
gists more manageable for the staff of the NCI.9
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Setting the Pace of Research at the NCI

During the 1950s, Mary Lasker and her allies succeeded in creating a 
political culture that generously funded the NCI. Cancer chemotherapy 
and cancer vaccination emerged as promising areas for the application of 
biological studies to the cancer problem. As the expansion of funding for 
cancer virus studies by Congress in 1958 attested, the political will could 
be mustered to support a cancer vaccination campaign. However, when 
this first round of funding arrived, the leadership of the NCI was neither 
capable of directing virus research on a large scale nor willing to do so. 
Despite intense public anticipation, the leadership of the NCI adopted an 
unhurried approach. The spirit of the approach, as one NCI administrator 
noted, was very much in accord with the novelist H. G. Wells’s descrip-
tion of cancer research in Meanwhile (1929): “The disease of cancer will 
be banished from life by calm, unhurrying, persistent men and women, 
working, with every shiver of feeling controlled and suppressed. . . . 
The motive that will conquer cancer will not be pity or horror, it will 
be curiosity to know how and why. . . . Desire for service never made a  
discovery.”10

Presenting cancer research as a gradual, individual effort spoke to 
the political foundations of grant research at the NCI. While support for 
cancer research expanded at a breathtaking pace during the 1950s, the 
administrative mechanisms for dispensing that support had not. After 
its creation, the NCI, like other branches of the National Institutes of 
Health, remained circumspect about the use of federal money to support 
research in medical schools and universities. That arrangement initially 
suited the interests of both the government and the biomedical research 
community. Academic physicians and biologists sought to protect their 
autonomy, and federal administrators sought to preserve scant resources 
for “intramural” research at the NIH’s headquarters in Bethesda.11 The 
National Advisory Cancer Council— a body populated by doctors and 
scientists at universities and medical schools rather than officials from the 
NCI—  oversaw the distribution of what funds the NCI did possess for “ex-
tramural” grants.12 Suspicion of federal involvement in cancer research 
persisted even after the excitement of mobilizing science and technology 
during the Second World War. As chapter 4 discusses, the leadership of 
the NCI and the NIH raised their voices in 1946 against aggressive efforts 
to confront cancer on the model of the Manhattan Project.
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Though outwardly optimistic about the prospects of identifying a hu-
man leukemia virus, privately the leaders of the NCI were uncertain that 
there would be rapid progress toward a vaccine. The director, fresh from 
lauding the prospects of cancer virus research to Congress, wrote to a col-
league that “work on human tumors would be a long, arduous, and often 
unrewarding task.”13 Deliberating over how to spend the NCI’s legislative 
windfall, the National Advisory Cancer Council endorsed a traditional, 
sedate approach. The NCI should award grants to individual scientists on 
the basis of their individual merit, not on the capacity of their studies to 
advance a cancer vaccine. Moreover, the council recommended that deci-
sions about how to allocate money should remain the responsibility of 
academic specialists, not federal administrators.14 When consulted by the 
council, the Virology and Rickettsiology Study Section of the National 
Institutes of Health endorsed support for individual research projects of 
up to ten years at a time, cautioning that the “exploration of the possible 
role of viruses in malignancy may include long periods in which positive 
progress may not be apparent.”15

The NCI shared the reluctance of the leadership of the NIH to treat 
peacetime biomedical research as matter of national urgency. Even as chal-
lenges mounted in the mid- 1950s, the National Advisory Cancer Council 
maintained that the administrative architecture of scientific freedom, es-
pecially the review of grants by academic peers rather than by federal of-
ficials, should be preserved. In the future, the council emphasized, “there 
should be greater confidence in men and less emphasis on specific detailed 
single research studies to be undertaken.” Extramural grants distributed 
by the NCI should allow even more time between evaluation sessions, so 
as not to interrupt the work of “proven investigators.”16 Scientists reading 
the fine print of their grants from the NCI would find that they contained a 
“Scientific Freedom” clause, guaranteeing, “The grantee is not required to 
follow the specific project submitted for review.”17

The terms of the biomedical settlement designed by Lasker and her al-
lies placed this commitment to scientific freedom in tension with the ratio-
nale for funding biological research. By 1954 the Department of Health, 
Education, and Welfare provided 48 percent of all federal support for the 
life sciences and nearly two- thirds of all support in biomedical sciences, 
such as molecular biology, developmental biology, and pathology.18 As 
the scope of the settlement expanded, the connection between many sup-
ported projects and advancing human health became increasingly diffi-
cult to justify— unlike the National Science Foundation, the leadership of 
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the NIH could not claim that they were advancing knowledge for its own 
sake. In 1958, “The Advancement of Medical Research and Education,” 
a review of the NIH by former surgeon general Stanhope Bayne- Jones, 
brought these issues to the surface. Given the immense national impor-
tance of health research and the “inevitable” expansion for its support 
at the federal level, the review concluded that the NIH should expect to 
account for the “effectiveness” of its research administration efforts and 
their relevance to preserving and promoting the nation’s health.19

Challenges to Planning for a Cancer Vaccine

The clash between autonomy and accountability bedeviled the NCI’s 
first flagship effort to develop a cancer vaccine: the Viruses and Cancer 
Panel. This panel came into being as a means of managing the $1 mil-
lion allocated by Congress to leukemia virus research in 1958. The panel 
held a strong commitment to vaccine development. Its advisers included 
prominent polio researchers, such as Jonas Salk, whose experience devel-
oping the polio vaccine provided a potential template for how to proceed 
against cancer.20 Indeed, the polio research shaped attitudes toward a can-
cer vaccine more deeply. The research effort of the National Foundation 
for Infantile Paralysis (NFIP) had sustained a large community of virolo-
gists, most of whom lost funding once the polio vaccine was developed. 
While not all polio virologists moved from polio to cancer, those who  
did brought with them the confidence of having developed a vaccine 
against apparently long odds. The ACS hired Harry Weaver, who had 
reoriented the NFIP toward vaccine development, as its new research di-
rector in 1955.21

The accomplishments of polio research refashioned the NCI’s approach 
to the development of a leukemia vaccine.22 The influx of polio virologists 
into the advisory panels of the NCI created an alternate source of author-
ity for assessing the potential of cancer virus research, aside from the one 
found among the surgeons who dominated the oncology community. A 
report drafted for the National Advisory Cancer Council by a committee 
composed largely of polio specialists indicated the excitement of these 
conversations, commenting, “In view of . . . recent discoveries, it is now 
fully evident that there are excellent opportunities for intensive investiga-
tions of virus tumors and tumor- viruses . . . and of possible prevention by 
vaccines.”23 Informed by these views, the NCI’s Viruses and Cancer Panel 
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sketched an ambitious mobilization plan. It envisioned standardizing and 
distributing reagents, laboratory animals, virus strains, and cell lines that 
would be beyond the capacity of any individual laboratory to develop or 
maintain.24

Despite this ambition, the panel’s members soon found that they did 
not have the ability to pursue their vision. The panel possessed authority 
to “stimulate” communication and consider training or resource needs— 
hallmarks of the loose management of extramural research at the NCI.25 
But because it lacked the mandate to sponsor specific projects, the panel’s 
plans for the construction of infrastructure were often frustrated. Efforts 
at standardization, for example, were stymied by the unwillingness of 
many virologists to voluntarily consign responsibility for culturing cells to 
an organization outside their own laboratories, thus hampering any effort 
to mass-produce resources for research on cancer viruses.26 Moreover, the 
panel was unwilling to move forward with projects that individual scientists 
were hesitant to pursue. While the panel did see a pressing need to collect 
and bank tumor cell lines, it feared that starting this undertaking under 
“government auspices” would create too many problems.27 After work-
ing for a year to set up a tumor cell bank, the panel was informed by the 
NCI that its structure did not “permit entry into long- term commitments 
of money or staff that would presumably be required for the complete 
development” of many of the basic resources for cancer virus research.28 
Indeed, two years after its creation, the panel still lacked authority to fund 
the construction of special facilities for cancer virus research.29

Meanwhile, external calls for the effective management of biomedical 
research at the NIH as a whole continued to mount. Opponents of federal 
spending on medical research, such as Representative Lawrence Fountain 
(D- NC), jumped upon the challenges of administering the NIH’s growing 
roster of grants. For Fountain and others vexed by the expanding fed-
eral budget, challenging the political consensus in favor of spending on 
research that Lasker had created in Congress proved too difficult. How-
ever, Fountain found alternate grounds for his critique in the rhetoric of 
government efficiency and taxpayer rights.30 From the fall of 1961 to the 
spring of 1962, the investigations of his committee brought to light a series 
of scandals in the administration of grant funds. Fountain managed to ma-
neuver the usually adroit head of the NIH, James Shannon, into a series 
of statements that appeared to dismiss the need for vigorous oversight of 
grants.31 Press coverage, including headlines such as “Overspending on 
U.S. Medical Research Cited,” “Stanford Denies Building Pool with U.S. 
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Grant for Research,” and “Lack of Proper Policing Called Chief Fault in 
NIH Grant Plans,” were not only an embarrassment to those at the NIH 
responsible for managing grants, but also a threat to the core idea that 
research sponsored by the NIH could promote American welfare.32

The crux of Fountain’s attack was that no measures existed to ensure 
that the NIH was accountable for the tax dollars it channeled into bio-
medical research. In front of his committee and the press, he castigated 
Shannon: “We certainly ought to expect reasonable management proce-
dures designed to ensure that the money is being spent prudently and for 
the purposes for which it was intended by Congress. . . . You are spending 
many hundreds of millions of dollars to support research for which we 
cannot see and measure the results.”33 Even a sympathetic congressional 
ally to the NCI complained about the “apparent lack of success of the 
Cancer Institute to date . . . in systematic development of this new knowl-
edge with specific orientation to cancer.”34 While outwardly assuring leg-
islators that the NIH and NCI were up to the task of managing research,  
administrators inwardly betrayed acute anxiety that the NIH lacked 
the capacity to supervise research in a way that would consistently yield 
 benefits to human health.35

For the NCI’s new director, Kenneth Endicott, these were critical ques-
tions to address after he assumed office in 1960. Endicott came to can-
cer research from his post as head of the NCI’s Cancer Chemotherapy 
National Service Center, the only part of the NCI where industrial- style 
organization and contracts predominated over grants— a function of both 
the scope and the urgency instilled in this work by anticancer activists. 
Endicott stated with certainty, “We are on the verge of a major break-
through in the cancer area.” He took it for granted that “the Institute 
has within its own resources the capacity to make the break . . . through  
with practical programs of cancer prevention and control.”36

Cancer viruses were the first targets of Endicott’s attention. In his un-
derstanding, the slow progress of the Viruses and Cancer Panel was due to 
organizational bottlenecks rather than scientific challenges. The structure 
of both research and training adopted by the Viruses and Cancer Panel 
was too “permissive.” Without the unpredictable initiative of individual 
researchers, “not very much would have happened.” Endicott urged an 
“aggressive” approach by the panel to any problem that “holds back re-
search expansion.”37 As a first step, Endicott established both the Labo-
ratory of Viral Oncology and the Virology Research Resources Branch. 
The latter was intended to “provide essential materials and services to all 
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scientists working in the field,” through “contracting with a commercial 
concern so that in as short a time as possible” the necessary cell cultures, 
animals, and virus strains would be available “in mass quantities.”38 How-
ever, neither of these two units moved quickly enough to satisfy Endicott’s 
desire for progress. In late 1961, he gave his assistant director, Carl Baker, 
a wide- ranging mandate to refashion the NCI’s cancer virus research 
structures with the aim of realizing the goal of a vaccine.

Carl Baker Learns to Manage the Future

While nothing in his early career suggested it, by 1961 Baker was well 
on his way to becoming a leading advocate of biomedical research man-
agement— a position he solidified during his leadership of the NCI dur-
ing the start of the War on Cancer in the 1970s. Born in 1920 and raised 
in Louisville, Kentucky, Baker studied zoology and then medicine. Dur-
ing his medical residency in Milwaukee, he became interested in cancer. 
However, upon his graduation from medical school in 1944, the navy 
drafted Baker to serve as a combat physician. Baker’s wartime service 
was uneventful— he went through basic training but never saw battle. 
With his discharge, Baker returned to his interest in cancer, pursuing a 
doctorate in biochemistry at the University of California, Berkeley. His 
research sought to identify differences in the metabolic rates of normal 
and cancerous cells, extending an approach to the biochemistry of cancer 
that was popular before the war.39 Instead of completing his doctorate, 
he accepted an offer in 1948 to move to Bethesda and start work in the 
NCI’s intramural biochemistry section.40 Baker’s career as an intramural 
researcher at the NCI was short- lived. In an era before cell culture or 
other in vitro systems for studying cancer, Baker’s work required frequent 
contact with laboratory animals, which severely aggravated his asthma.41 
With such severe allergic reactions, it seemed as if he would need to leave 
the NCI entirely. However, he remained interested in cancer research 
and found work as a grant reviewer outside of the institute’s laboratories. 
While his research career was frustrated, Baker’s work reviewing grants 
brought him a temporary appointment as the director of all of the NCI’s 
intramural scientific research. This appointment resulted in an offer to 
serve as the assistant director of the NCI in 1958. He remained second in 
command at the NCI until rising to director in 1969.42

As his administrative duties grew, Baker took an interest in expanding his 
knowledge of the management of science as a whole. His exploration soon 
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figure 5.1. Carl Baker played a major role in planning and operating the SVLP as associate 
director of the NCI in 1960– 69. He served as director of the NCI from 1970 to 1972. Photo-
graph by Edward Hubbard, courtesy of NCI.

acquainted him with wider- ranging discussions concerning the relationship 
between scientists and the federal government. During the late 1940s many 
scientists heatedly debated the question of whether, or how, the increase 
in federal support for research would change the kinds of work carried out 
by the scientific community. The debate over the structure and mission of 
the National Science Foundation provided a touchstone for the definition 
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of this new relationship. Many voices on the political left advocated aggres-
sive government intervention in the planning of scientific research, while 
those on the right and center championed scientific autonomy and “funda-
mental” research as quintessential values of democracy. Physicists, among 
the most prominent voices in the debate, remained dedicated to what one 
historian has termed “laissez- faire communitarianism,” or the capacity to 
regulate themselves through peer review rather than being subject to out-
side management. This view praised the judgment of scientific ideas among 
peers as freedom and conflated state planning with the dangers of com-
munism.43 The Soviet Union’s suppression of classical Mendelian genetics 
and its embrace of the theories of Russian geneticist Trofim Lysenko in 
the late 1940s hardened these rhetorical divisions. The ideology of scientific 
autonomy deeply shaped the final version of the National Science Founda-
tion, which enshrined peer review and shunned state control.44

The administrators of the NIH were intensely concerned with how they 
might foster scientific freedom while also directing research. This topic 
was the first taken up by a discussion group Baker joined in January of 
1957 for the purpose of exploring questions of “research administration.” 
Notes of their discussions, preserved in Baker’s archives, offer a window 
into how the administrators of the NIH grappled with the ideological and 
practical aspects of research management. Unlike the National Science 
Foundation, the NIH had adopted advancing human welfare as part of 
its mission. This emphasis also set the management efforts of the NIH 
apart from those of private philanthropies such as the Rockefeller Foun-
dation, which had sought to foster the growth of molecular biology in the 
1930s.45 For the NIH, the tension between “relating the problems society 
needs solved (e.g., the cure of disease) on the one hand, and the activi-
ties of scientists (many of whom believe that they can serve society best 
if they are left to . . . their own topic of work)” featured prominently in 
the group’s conversation. Their first discussion ended firmly on the side 
of advocates in the tradition of laissez- faire communitarianism, such as 
Anglo- Hungarian physical chemist and philosopher of science Michael 
Polanyi and Harvard president James Conant. The main challenge for 
administrators in Bethesda, as Baker understood it before attending this 
first meeting, was how their organizations would accommodate the “indi-
vidual freedom” due to scientists.46

Nonetheless, Baker remained open to understanding scientific in-
quiry as a process amenable to organization, coordination, and planning. 
The opening discussion of the gathering considered the proposition that 
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scientific research was of a different kind than other activities that orga-
nizations dealt with. The group rejected what the meeting’s notes record 
as the “19th century,” “mechanistic,” and “materialist” view that scien-
tific research’s main goal was “delineating the real and absolute nature 
of the universe in objective and immutable terms.” The group preferred 
Conant’s view, formulated in the wake of quantum mechanics, that sci-
ence was an open- ended, dynamic, intellectual process. The conditions 
for conducting scientific research were both “managerial and political.”47 
Moreover, Baker added, he thought the management of science could not 
exist apart from accommodating public expectations. He was emphatic, 
however, that the principal question was one of maintaining scientific 
independence—  of “encompass[ing] an essentially individual and autono-
mous activity within a purposive arrangement of forms and goals.”48

Beyond any theoretical concern for scientific freedom, the NIH admin-
istrators gathered for these discussions were concerned with the smooth 
operation of their institutes as organizations. At the second gathering, 
the group considered, and ultimately dismissed, Polanyi’s assertion that 
“the pursuit of science can be organized . . . in no other manner than by 
granting complete independence to all mature scientists.” One member 
of the group recorded the rejoinder, “[The] question is not if scientists 
are ‘guided ultimately by the authorities.’ They are. The key point is the 
nature of the freedom left to them, and the nature of the guidance.”49 
Managers of research might act primarily as “buffers” between a restive 
public and the “scientist at the bench.”50 In May 1957, the group’s final 
meeting arrived at the question of what kinds of administrative systems the 
NIH could fashion to meet its goals. Whatever system they might follow, 
this group felt that the status quo could not be maintained. “In 1948,” the 
minutes read, “the NIH was still a comparatively small organization. De-
cisions could be arrived at upon very simple principles with considerable 
assurance that they were the right decisions.” A decade later, however, the 
organization had grown so large that its ability to communicate with itself 
was “jammed.”51

These discussions provided Baker with a point of departure as he set 
out to explore other frameworks for the management of scientific re-
search. His journey took him into areas not often visited by biologists and 
physicians. He attended seminars at the Brookings Institution for manag-
ers of research-and-development laboratories. The works on his catho-
lic reading list encompassed the philosophy of science and management 
theory, including The Dynamics of Bureaucracy (1957), Effecting Change 
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in Large Organizations (1958), the facetious critique of management Par-
kinson’s Law (1957), and Peter Drucker’s The Practice of Management 
(1955).52 The Cold War politics of science planning were never far from  
his work. Preparing for a session of the “Management Institute for Lead-
ers in Scientific and Professional Programs,” hosted by the US Civil Ser-
vice Commission, Baker read the blunt assessment that the Soviet Union 
had exceeded the United States in understanding that various fields of bio-
logical research were “vehicles for social as well as individual integration.” 
Yet, productive as the Soviet system of science might be, Baker’s reading 
cautioned, their research-and-development efforts were hobbled by the as-
sumption that it was important “not to know the world, but to change it.” 
This approach risked reducing “science to technique.” The government 
needed to provide “a model to which highly creative scientists will consis-
tently be attracted” rather than overbearing scientific direction.53

The framework of greatest consequence for Baker’s future approach 
to cancer virus research was systems analysis.54 Whereas chemotherapy 
screening efforts had taken inspiration from the research-and-development 
divisions of large corporations, such as General Motors and the pharma-
ceutical industry’s antibiotics screening programs, Baker drew on a new set 
of management ideas.55 The 1950s and 1960s witnessed the spread of sys-
tems analysis and its cousin, cybernetics, into many corners of American 
thought, including architecture, psychology, computing, neurology, ecology, 
and molecular biology.56 While not as well known as cybernetics, systems 
analysis exerted a profound impact on federal bureaucracy. Starting from 
the techniques of operations research developed during the Second World 
War, systems analysis gained prominence through the Santa Monica– based 
RAND Corporation, a think tank created by the US Air Force to help solve 
challenges associated with aerospace production. Using the mathematical 
language of operations research and game theory, the engineers and statis-
ticians at RAND offered the Air Force, recently established as an indepen-
dent military branch, a useful set of tools for justifying its production needs  
when it wrestled for resources within the armed forces. The flexibility of 
its methods allowed RAND to expand the scope of its activity during the 
1950s, including applying systems analysis to nuclear grand strategy. Notori-
ously, reports by RAND stoked fears of an illusory “missile gap” between 
the United States and the Soviet Union during the 1960 presidential election 
campaign between John F. Kennedy and Richard Nixon.57

After Kennedy assumed the presidency, he appointed the president of 
the Ford Motor Company, Robert McNamara, to serve as his secretary 
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of defense. McNamara enjoyed a reputation as an excellent manager, but 
he had no military background. His appointment reflected Kennedy’s de-
sire to exert greater civilian control over the Pentagon’s weapons procure-
ment process. Distrustful of the advice of military leaders, McNamara 
was attracted to the apparently objective criteria that the RAND reports 
provided for coordinating Cold War grand strategy with the process of 
weapons design and procurement. Drawing from his prior experience 
as an executive at Ford, McNamara formed a task force that combined 
accounting techniques with systems analysis to create a management 
method for defense projects known as the Planning Program Budgeting 
System (PPBS). Though the intellectual merits of PPBS were fiercely con-
tested during early debates over its application to weapons procurement 
decisions, its econometric approach to defense policy succeeded in the 
ultimate aim of placing the different branches of the military under the ru-
bric of civilian- controlled “rational defense” policymaking.58 McNamara 
subsequently incorporated these methods into a broader, computer- based 
cybernetic vision of command- and- control war- fighting, which was em-
braced by air defense specialists contemplating nuclear war and counter-
insurgency efforts in Vietnam.59

McNamara’s high- profile reorganization of the Pentagon also drew the 
attention of civilian agencies interested in the “rationalization” of their 
efforts through systems analysis. Federal administrators involved with the 
War on Poverty turned to program planning on a routine basis later in the 
1960s.60 However, program planning gained its most visible civilian appli-
cations in space exploration, an arena of intense Cold War rivalry. Stung 
by the first successful launch of an astronaut into space by the Soviet 
Union, Kennedy committed the United States to placing a person on the 
moon by the end of the 1960s. The “Space Race” brought the National 
Aeronautics and Space Administration (NASA) both generous resources 
and a sense of great urgency. In a situation similar to that of the NCI in 
the late 1950s, the director of NASA, James Webb, sought to achieve bal-
ance between what his technical staff deemed possible and what Congress 
expected. Webb embraced systems analysis as a means both of problem 
solving and of navigating the shoals of legislative appropriations.61 He 
cultivated an aura of managerial acumen. As NASA came closer to its 
goal, his book Space Age Management (1969) became a touchstone for 
management seminars.62

While it is commonly assumed that the NCI turned to NASA for in-
spiration during the War on Cancer of the early 1970s, a decade earlier 
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Baker had already begun to consider how similar methods could be used 
for cancer research. To Baker, systems analysis suggested that the resis-
tance of biological systems to planning was a matter of degree, not of 
kind. Program planning was powerful, Baker noted, because it supplied 
a vocabulary for describing the management of biomedical research that 
could encompass different scales, ranging from individual laboratories, to 
departments, to the whole of the NCI. The concept of a cancer research 
“program,” Baker wrote in his reading notes, offered a “useful word”  
precisely for its multiple meanings, most of which implied movement in an 
“organized way” toward a goal.63 Echoing the terms that he had absorbed 
from management seminars, Baker argued that progress in the physical 
sciences “resulted from the intensive application of planned applied and 
developmental research efforts . . . the selection of important targets, the 
sense of urgency, [and] the careful delineation of plans continually modi-
fied as necessary.” Through focusing on “higher priority items in the tar-
get pathways,” systems planning could attain “objectives that only a few 
years ago were thought impossible.” Such impressive methods should also 
be used in the NCI’s “war against disease,” Baker concluded.64

Baker’s first opportunity to apply systems planning to cancer research 
came when Endicott placed him in charge of restructuring the Viruses 
and Cancer Panel. As an ex officio member of the panel since its incep-
tion, Baker had witnessed its organizational frustrations. The logistical 
challenges of preparing standard reagents, collecting tissue, and designing 
laboratory space seemed to be tasks ideally suited for the application of 
systems analysis methods. With Endicott’s endorsement, Baker first cre-
ated the Human Cancer Virus Task Force, which, Baker explained to its 
participants, aimed to elucidate the role of viruses in human cancer “more 
rapidly than would be done by a less concentrated and cooperative ven-
ture.” Reflecting his faith, Baker expected the task force to continue its 
work for five years at most.65 The staff of the NCI optimistically concluded 
that the “the slow progress in getting on with the human cancer virus 
problem” was due to logistical challenges “comparable to . . . the early 
days of polio research.”66 A special report for Endicott, likely prepared 
by Baker, promised that the discovery of a human cancer virus was immi-
nent, based on an “avalanche of evidence from an unprecedented number 
of scientific disciplines.”67

Despite this confident assessment, however, Baker’s planning effort 
struggled with the stubborn absence of laboratory proof that an infec-
tious agent caused human cancer. The ongoing expansion of cancer vaccine 
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research at the NCI, an expensive matter of building infrastructure and 
recruiting scientists, seemed difficult to justify without a known infectious 
agent. Even ambitious program planning in the physical sciences usually 
proceeded with the confidence that the objects of its action existed. Under 
intense scrutiny for its use of research funding, the NCI seemed unlikely 
to commit more resources to a field that appeared to have such a slim and 
distant hope of therapeutic payoff.

Cancer Viruses as Administrative Objects

Baker’s response to the impasse he faced was to approach cancer viruses 
not as objects of laboratory research but as objects of a process of admin-
istrative planning. He understood that language was a critical part of his 
effort to make human cancer viruses tractable for the bureaucracy of the 
NCI. Systems analysis and program planning offered Baker a vocabulary 
for discussing the future of cancer vaccine research that foregrounded 
the process of searching rather than current experimental findings. He 
took pains to train his staff in the discursive aspects of these methods. The 
management system that Baker envisioned required “a wholly new way 
of approaching the description” of research. The NCI needed “new phi-
losophies, concepts, terminologies, and procedures.” While moving into 
planning might seem “unique or even strange” for biomedical research-
ers, Baker acknowledged, it was “necessary” to meet the challenges in-
volved in multidisciplinary research devoted to “the needs of society and 
matters related to health.” In this effort, “the concepts and philosophies, 
the terminologies and procedures satisfactory for the description” of con-
temporary biological research were “not suitable for describing the newer 
developments proposed.”68 Those new methods were important given 
persistent doubts that human leukemia viruses existed. Summarizing the 
results of research into the causes of leukemia in 1958, the Nobel Prize– 
winning immunologist MacFarlane Burnet belittled viral leukemia as “a 
laboratory curiosity.”69 Later high- profile epidemiologic reports ques-
tioned the viral etiology of leukemia or placed emphasis on environmen-
tal and genetic factors, such as those entailed by exposure to radiation.70

Drawing on his study of management theory, Baker offered a specific 
definition of program planning for use at the NCI. Seeking to bridge a 
divide that he perceived between “basic” and “programmatic” research, 
Baker emphasized that program planning must advance on the basis of 
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“common procedural elements,” which in turn required common con-
cepts and definitions. “Terms such as program, program planning, pro-
gramming,” Baker explained, “are used as mechanistic terms to describe 
a particular approach to work performance; they are used as adminis-
trative/management terms to describe a method for the coordination of 
many activities.” Baker elaborated that program planning was “a broad 
conceptual and philosophical approach.” “Program plans” were inten-
tionally agnostic on the question of particular scientific outcomes; plans  
were not to “require or involve . . . the detailing of specific research efforts, 
the establishment of priorities, the selection of the mode of operation, or 
the insertion of a time- frame.” The paramount advantage of program plan-
ning was that it provided “a mode of approach to the planning of research 
efforts which are oriented and focused to the achievement of the end result 
or product.”71

To hone this program plan, Baker brought in personnel fluent in the 
vocabulary of management rather than that of medicine. In particular, he 
recruited Louis Carrese, an industrial psychologist with experience as a 
contract systems analyst for the Department of Defense.72 While cancer 
research administrators had offered optimistic projections of progress 
before, Carrese emphasized that the chief aim of planning was to deliver 
results within a specified time period. Writing to the NCI’s staff, Carrese 
explained that “the projection period should present a reasonably work-
able timespan (5 to 10 years) suitable for the framing of critical questions 
in research in a manner which will permit the evaluation of progress.” This 
was a way of discussing biomedical research that, as Carrese underscored, 
provided “the basis for action decisions— not further discussions.”73

Charting a Course for Acceleration

In particular, the management process envisioned by Baker and Carrese 
emphasized the tempo of cancer research as an important area of inter-
vention. The importance of tempo arose from the associations between 
leukemia vaccine research and childhood disease through polio and che-
motherapy. The means of integrating time into their process came from 
a variant of systems analysis known as the Program Evaluation Review 
Technique, or PERT. While systems analysis as a whole offered a frame-
work for setting goals and drafting budgets accordingly, it did not neces-
sarily address the question of how to meet these goals quickly. Baker was 
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not the first administrator to encounter this problem of urgency in the 
context of systems planning. In the late 1950s, members of the Polaris 
Missile Program— a crash effort to build a submarine- launched ballistic 
missile— had developed PERT in an effort to accelerate the research-
and-development process. The construction of the missile in record time 
gave PERT immediate cachet.74 PERT promised to account for the un-
certainties of new research and development even as it kept projects on a 
planned timeline.75 Its advocates praised its focus on attaining goals in a 
minimum amount of time for “new,” “untried,” and “non- routine” activi-
ties.76 Baker was so taken with this approach that he commissioned trans-
lations on its process from francophone operations research journals.77

As Baker and Carrese delved into program planning, they left paper 
traces of their process that provide an index of the development of cancer 
viruses as administrative objects, which culminated in their proposal of a 
new technique for planning biomedical research, the “convergence tech-
nique,” in 1965. Baker and Carrese adopted a central icon of the PERT 
planning process: the graphical representation of research pathways. 
Charts, graphs, and other visual representations of production processes 
were well established in management practice by the middle of the twen-
tieth century, a prominent example of the “visible hand” of corporate 
management.78 Indeed, some of these methods could be found in previ-
ous efforts to transfer antibiotic screening techniques to chemotherapy 
research.79 PERT broke with these representations in its emphasis on a 
network of many pathways rather than a single line of development. A 
PERT network claimed to represent all of the events and tasks required 
to complete a project as well as the unknown contingencies that might 
arise. In creating a field of events and activities, known and unknown, 
PERT offered planners the capacity to envision multiple paths to their 
goal and to specify with confidence how long each path would take. In-
deed, rather than moving forward from what was known to a program’s 
goal, PERT planning handbooks often recommended working backward 
from the goal itself, dispensing with what was known, to design a network 
based on these potential developments.80

As the SVLP developed, its focus on the time to complete research 
emerged as a unique element of its planning process. As Baker consid-
ered the expansion of cancer virus research at the NCI in the middle of 
1961, he sketched a chart showing how to arrive at a vaccine. The chart 
mapped out a series of steps that would take place between identifying a 
link between a virus and leukemia and preparatory research for a vaccine. 
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However, Baker saw only one path forward to a vaccine.81 The emphasis 
on time characteristic of the PERT planning process soon started to ap-
pear in the program’s iconography. One innocuous chart appeared, at first 
glance, to compare the state of progress in developing a leukemia vaccine 
with progress in developing vaccines for other human viral diseases and 
viruses linked to cancer in animals. Beneath the apparently neutral descrip-
tion, the chart presented a powerful rhetorical argument about time and 
progress. Unlike previous diagrams, which showed a set of particular steps 
for developing a leukemia vaccine, this chart posited eight steps through 
which every viral vaccine passed— from the acquisition of materials to the 
industrial production of the identified virus and vaccination. Moreover, the 
progress vector for each virus was labeled with the number of years the vi-
ruses had been studied.

The identification of a leukemia virus in mice had been followed by the 
development of a vaccine in fifteen years. It had taken fifty- eight years to 
develop a polio vaccine, but only thirty- four to develop a measles vaccine. 
Human leukemia viruses had barely progressed beyond the “detection” 
and “identification” stages (the use of these terms themselves an optimis-
tic assertion). Most beguiling, however, were the dotted lines included with  
the human leukemia viruses: evidence of discoveries that were anticipated.82 
Echoing the universal stages of economic development posited by mod-
ernization theory, the power of this representation for planners and man-
agers rested in its assertion that the steps of vaccine development were 
uniform and might be amenable to acceleration with the appropriate 
intervention.83

The ultimate result of Baker’s thought was the “convergence tech-
nique,” a method of research management tailored to biomedicine. Plan-
ning biomedical research, as Baker and Carrese understood it, presented 
two challenges. Biomedical research was much more unpredictable than 
industrial production, for which straightforward timetables could be con-
structed. Moreover, biomedical concepts appeared to be resistant to the 
quantification favored by systems analysis. Baker and Carrese’s technique, 
and its associated convergence chart, enfolded these challenges in a new 
set of planning concepts: flows and arrays. For example, in the case of de-
veloping a human cancer vaccine, the overall “flow” of research outcomes 
or resource development followed a set of conceptual phases. However, 
each phase specified particular experiments as “tactical elements” within 
this larger flow, with each experimental outcome indicating a forward 
move into a different stage of the subsequent phase. The convergence 
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figure 5.2. Imagining the future of research. This chart, from the 1967 progress report of the 
SVLP, demonstrates the contours of thinking about human leukemia viruses as administra-
tive objects— emphasizing time, comparison between species, and uniform steps from the 
identification of a virus to a vaccine.

chart, which traced flows horizontally through a set of phases— an infor-
mation flow, a resources flow, and a research flow—  offered a graphical 
summary of its planning assumptions. This way of presenting research 
planning provided a portrait of the research process as a concurrent pro-
cess, in which a negative or absent result from one experiment at one point 
did not necessarily prevent the pursuit of goals in other phases. “Conver-
gence” of these different activities on the overall goal represented the net 
result of the “research package” designed by planners at the NCI.84

The convergence technique allowed the SVLP to displace uncertain-
ties about the existence of human cancer viruses in its present moment in 
favor of confident statements about the future process of vaccine develop-
ment. As Carrese explained in a radio interview, the term “convergence” 
conveyed the idea that the research plan was designed so that “the results 
of the discrete phases and steps will, in fact, converge on a point in scien-
tific development which represents the achievement of the objective.”85 
Like PERT, the convergence technique “started with the ultimate end ob-
jective” and worked backward from it rather than focusing on present ca-
pabilities. Instead of waiting for flashes of inspiration or moments of ser-
endipity in the laboratory, the convergence technique offered managers 
“monitoring” and “decision” points at which they could decide whether 
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a line of investigation warranted further resources. The “linear array” of 
each flow expressed a rational ordering of events, but it did not prescribe 
that each event had to take place in that sequence. The technique would 
permit administrators to anticipate the “lead- time” for developing impor-
tant materials or the infrastructure for mass- producing a cancer vaccine 
before a human cancer virus was identified.86 The logic of its organization 
suggested what divisions or units should bear responsibility for particu-
lar tasks, and it offered a cognitive tool for the overall managers of the 
program, allowing them to “simultaneously” consider the “many complex 
interrelationships” of biomedical research.87

The convergence technique embraced a full range of actions directed 
by the NCI toward a vaccine— from the design of institutions to the de-
sign of experiments. The technique’s capacity to address these different 
scales arose from Baker’s conviction that the binary between “fundamen-
tal” and “applied or developmental” research was misleading. Rather, the 
technique treated all forms of scientific research as a “continuum.” Each 
program demanded the “full spectrum” of research forms. Baker saw his 
emphasis on planning theory as a redress for the lack of attention given 
to planning in biomedical research; he hoped the convergence technique 
would fill this gap. Academic scientists were trained only in “tactical re-
search,” and their research projects might lack “strategic significance.” 
The SVLP offered a model of how to bridge the chasm between benchtop 
science and the diseases that it was expected to address. Baker envisioned 
that the convergence technique would have its “greatest utility” at the in-
terface of these two.88 Baker and Endicott included a $30 million program 
of cancer virus research based on this technique in the NCI’s proposed bud-
get for 1964.89

While the convergence technique may have focused on the future, its 
initial uses addressed the present, especially the difficulties faced by the 
leadership of the NCI during the congressional appropriations process 
for cancer vaccine research. Presenting the outline of the SVLP to Con-
gress, Endicott invoked polio and defense research as examples of the 
potential of management methods to accelerate research: “With the avail-
ability of adequate funds and the attraction to the problem of large num-
bers of qualified investigators, the solutions to the problems could begin 
to come.” According to Endicott, the polio vaccine effort had gathered 
the resources to fund the extensive use of primates for virus typing and 
had followed this typing project with the development of a tissue culture 
system for the virus that allowed rapid vaccine production. Although no 
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human cancer virus had yet been identified, Endicott argued that similar 
ambiguities had plagued polio research. Invoking the idea of develop-
mental stages, Endicott maintained that despite these present challenges, 
leukemia virus research was where polio research had been twenty years 
before a vaccine was found.90

In many instances, congressional allies of the NCI would add to the 
institute’s budget requests after these appearances. Their response to a 
special request for vaccine research had been generous in 1958. However, 
in early 1964 Endicott’s appeal for the SVLP to the House of Represen-
tatives was unsuccessful. Rather than accept this setback, Endicott drew 
upon the climate of expectation and crisis surrounding leukemia viruses 
to organize an end run around the normal NIH budget- approval pro-
cess, obtaining a special appropriation from the Senate to get the SVLP 
started.91 This path was risky. Definite public commitments to progress 
against cancer were controversial— most members of the cancer research 
community feared public backlash when expectations were dashed. This 
time, however, Endicott had a system that appeared capable of meeting 
those expectations.

The following year Endicott needed to justify the SVLP’s budget to 
Congress as a whole. His changed tone indicates the importance of the 
idea of a manageable future to marshaling support for cancer vaccine re-
search. The NCI, he promised, was poised to deploy a system of organi-
zation suitable for an accelerated push to develop a leukemia vaccine. 
Congress could not afford to delay this effort:

We believe that the developments in the research areas mentioned are so im-

portant and so opportune that we must do everything possible to push forward 

now. . . . We cannot await full understanding of the nature of cancer. . . . We 

have learned to work with mechanisms for a planned approach. . . . We await 

with impatience developments in the human virus area which will demonstrate 

that a virus is a causative factor in at least one type of human cancer. Our or-

ganization is being made ready for such a development because we know that 

when this happens we must exploit this lead with all possible speed.92

Unlike the previous year’s appeal, this one succeeded. His presentation 
did more than promise cancer prevention. In directing the attention of 
legislators to the need for resources and organization to accelerate vac-
cine development, Endicott neatly foreclosed debate regarding the viral 
causes of human leukemia itself. The urgency of acting quickly to exploit 
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a breakthrough reframed the question as not whether leukemia had a viral 
cause but how to speed vaccine development.

Press coverage responded with enthusiasm to this new presentation  
of cancer viruses. Life magazine elaborated that in the SVLP, “the plans 
called for starting far in advance to work out the specifications, devise 
instruments, put up buildings, train personnel, breed animals— every -
thing to ensure that all systems would be Go and A- OK as if for a count-
down at Cape Kennedy.”93 Headlines such as “Leukemia Cure Near?,” 
“Hope Raised for Cure of Leukemia,” and “Virus Link Found: Huge 
Leukemia Project Pushed” indicate the success of Endicott’s narrative in 
framing the program as a response to an acute crisis, as opposed to a 
long- term search for cancer control.94 An interview with Frank Rauscher, 
staff coordinator of the SVLP, appeared in the Baltimore Sun under 
the headline “Leukemia’s Cure Seen: Scientist Predicts Vaccine within 
5 to 7 Years.”95 “In devising any experimental attack on a biological 
problem,” Rauscher, the future director of the NCI, explained, “one is 
invariably faced with the need not only to design the experiment, but 
the need for many materials with which to conduct the experiment.” 
While he admitted that he had initially been skeptical of the uses of 
program planning, the creation of the convergence chart had convinced 
him that dealing with resources first was necessary, lest important ex-
periments be forced to wait “months, or perhaps years” for lack of prior  
planning.96

As they emerged from the chambers of the NCI into public discussion 
of cancer, the administrative methods produced by the SVLP, especially 
its charts, served as icons of the power of systems thinking to bring a fu-
ture free of cancer into being.97 Baker understood the public relations 
value of these methods, recalling that the charts and calculations of the 
convergence technique were extremely helpful for defending the particu-
lar amounts of money the NCI sought from Congress.98 Variants of the 
SVLP chart were reproduced in public relations materials, reprinted in  
Life magazine, and even appear in President Nixon’s papers. Generations 
later, they remain the most prominent traces of the new way that the NCI 
talked about the future of biomedical research. Produced at a moment when 
both the existence of human cancer viruses and the capacity of the NCI 
to effectively produce a vaccine were in doubt, the charts were the most 
stable representatives of human cancer viruses available— supplanting the 
ambiguities of laboratory representations with the permanence of an ad-
ministrative process.
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figure 5.3. Charts demonstrating the convergence technique became prominent visual rep-
resentations of the NCI’s approach to human cancer viruses in the late 1960s. Here (left to 
right) Carl Baker, Louis Carrese, and Frank Rauscher, each of whom played a large role in 
the War on Cancer, pose in front of a chart. Image from National Cancer Institute, copy pro-
vided by Frank J. Rauscher III.

Future Objects and Present Power

The tradition of invoking hope for a cancer cure during appeals to the 
public was not unique to the SVLP. Unlike other appeals, however, the 
statements of the SVLP went beyond rhetoric. The planning methods of 
the program had a powerful impact on the practice and politics of can-
cer virus research. Judged as a political and administrative performance, 
the SVLP succeeded in realigning control among activists, researchers, 
and managers and summoning infrastructure for biomedical research that 
likely would not have come into being otherwise.

In 1964, as Baker and Carrese’s planning for the SVLP neared comple-
tion, another prominent review of the NIH’s overall administrative capac-
ity appeared. The Wooldridge Report, as this review was known, issued 
a pointed critique of the NIH’s system of peer- review study sections for 
managing biomedical research. “No matter how much the NIH may wish 
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to leave the development of basic fields of science to be guided by the 
independent judgments of scientists in their private laboratories,” the 
 report concluded, “a quite different set of policy questions is now forced 
on the NIH by the very magnitude of its program.”99

The Wooldridge Committee reserved its sternest criticism for the NCI. 
It expressed skepticism about the organization of the NCI’s flagship ef-
fort, the Cancer Chemotherapy National Service Center, and questioned 
the wisdom of placing cancer above other diseases. It was not clear, the 
report noted, that the NCI possessed the ability to manage large- scale 
research or compare the results of this approach to traditional alterna-
tives.100 While not dismissing out of hand the idea that the NIH could man-
age larger projects, the report cautioned that the right “technical manage-
ment” was essential. Without a “full- time program management team” 
featuring an “unusual combination of scientific and administrative capa-
bilities,” the inherent “inefficiency” of large- scale work would reduce the 
productivity of researchers below “conventional scientific standards.”101 
The Wooldridge Report caused consternation within the NIH and the 
NCI. To rebut the report’s criticisms, the director of the NIH demanded 
proof that the institutes were capable of planning on a large scale.102

From Baker’s perspective, the Wooldridge Report offered an ideal op-
portunity to promote his approach to the administration of biomedical 
research. On behalf of the NCI, Baker offered a detailed response, ex-
plaining that he had already been working to devise planning methods, 
particularly where contracts gave administrators the power to coordinate 
research and “combine the talents in science and in medicine and in ad-
ministration in effective organizational arrangements.” Following his re-
view, Baker concluded that the SVLP represented “one type of planning 
that . . . needs to be introduced into biomedical research,” a step that was 
necessary as the NIH moved into “the large budget era.”103 Endicott, in 
his own meetings with the leadership of the NIH, argued that the plan-
ning efforts of the NCI, and especially the SVLP, provided a “prototype” 
effort for the management of biomedical research by the NIH.104 “No one 
investigator, indeed no one institution, can expect to carry out a research 
program which would be wide- ranging enough to make use of all new 
knowledge and techniques,” while still remaining “focused” enough to 
produce results, Endicott wrote.105

The NCI explained to the Wooldridge Committee that the SVLP was 
 designed not only to determine whether viruses were a cause of human 
cancer, but also to “activate measures for prevention and control of the 
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disease as rapidly as possible.” Within this objective, the contracts admin-
istered by the program were intended to “take the burden” of logistical 
work from academic scientists, who were not capable of dealing with the 
care of “many thousands of test animals of various species,” the manufac-
ture of viruses in substantial quantities, or the purchase of equipment too 
large to be kept on academic campuses. Not only were these capabilities 
beyond the reach of academic scientists; these “routine” but vital tasks 
were assignments that few academics wished to perform.106

The Wooldridge Report’s critique of peer review continued a long- 
running conflict over the use of grants versus contracts to fund research. 
The system of peer- reviewed grants ensured that as the federal govern-
ment provided growing support for cancer research, the flow of those re-
sources would follow the interests of the existing cancer research commu-
nity rather than supplanting it. The SVLP, however, used contracts on a 
large scale to recruit researchers to work on the problems its management 
deemed important. Unlike grants, the contracts were rarely approved by 
peer reviewers in the NIH’s study sections or the National Advisory Can-
cer Council, bodies filled with physicians, academic scientists, and other 
leaders who were deferential to the idea of scientific autonomy. The use 
of contracts transferred power over research priorities to the leadership 
of the NCI. Baker’s newfound fluency with program planning served a 
useful role as Endicott asserted greater control over other areas of can-
cer research.107 In 1965, Carrese and Baker used the contract planning 
of the SVLP as a template for a far- ranging reorganization of the Can-
cer Chemotherapy National Service Center.108 In 1966, the newly estab-
lished Breast Cancer Task Force drew up its own convergence chart, and 
similar programs followed in chemical carcinogenesis testing and tumor 
immunology.109

Baker and Endicott may have been satisfied with this result, but their 
ally, the ACS, was not. While it was willing to be aggressive in promoting 
federal grants for cancer research, the ACS remained an organization of 
physicians favoring a minimalist role for the government. Moreover, by 
the early 1960s, Lasker had succeeded in recruiting her own allies within 
the peer- review system and the National Advisory Cancer Council, pre-
viously bastions of opposition to the biomedical settlement. Contracts 
reduced the influence that the ACS had enjoyed over the machinery of 
federal cancer policy. The ACS protested vigorously to the NIH, casting 
doubt on the legal authority of the NCI to administer so much money 
without the sanction of the National Advisory Cancer Council.110 The 
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managerial expertise promised by the SVLP played a critical role in the 
NCI’s victory over the ACS in this bureaucratic clash. The Wooldridge 
Report had convinced Endicott that “advanced salesmanship” would be 
necessary to defend the NCI’s administration of contracts for chemo-
therapy research.111 Facing the ACS’s challenge, Endicott converted this 
planned defense of the NCI’s administration into a brief in favor of both 
the contract mechanism and the discretion of the NCI’s leadership to set 
their own agenda for biomedical research.112

Chaired by the president of the Institute for Defense Analysis, the 
committee that was established to adjudicate this dispute over contracting 
returned a verdict that went beyond vindicating the NCI on the statutory 
question of contract oversight; it cast doubt on the credibility of peer re-
view as a whole. The committee bemoaned the arrangement of priorities 
at the NIH; it meant that “many of the staff members who have the techni-
cal competence for program management are motivated, by the attitudes 
of their professional community, to apply this competence in individual 
research rather than to ‘waste’ it in management affairs.”113 Developing 
administrative capacity was critical because “biomedical research is now 
yielding, with increasing frequency, results which promise major benefits 
in health and longevity, but which call for large- scale directed research 
or for development before they can be put to use.” The report urged the 
NIH to embrace “new methods of organization and procedures,” rather 
than focusing on peer review. It singled out the NCI as a notable success 
in developing a managerial cadre and urged that the rest of the NIH emu-
late the example that the NCI set in its chemotherapy and vaccination 
programs by seeking administrative personnel with “top flight managerial 
talent.”114

Cancer Research as Cold War Science

A decade after the first call to mobilize for a cancer vaccine, cancer vi-
ruses were firmly embedded in the managerial culture of the NCI as well 
as in the laboratories of academic scientists. Administrators at the NCI 
came to think and talk about cancer viruses in a way that gave them the 
conceptual tools for action in the absence of approval from academic can-
cer researchers. This mode of operation demanded different management 
styles and created different forms of scientific life for biomedical research-
ers. It also produced a conflict between the administrative legitimacy of 
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figure 5.4. The logo of the SVLP, retained for the Virus Cancer Program of the 1970s, was 
designed to underline the importance of the inevitable discovery of human cancer viruses. Its 
designer explained that of the three causes of cancer in the center column (chemicals [repre-
sented by the flask], radiation, and viruses), all had been connected to animals. “It is possible 
that most of man’s leukemias can be prevented by a vaccine directed against specific human 
viruses. This attack and the objective of the SVLP are illustrated by the hatched arrow— the 
one remaining link, in this diagram, to be closed.” Courtesy of National Institutes of Health 
Office of History.
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the NCI and the reticent and independent personae cultivated by many 
biologists, whose style of research disavowed connections to advancing 
medical therapy for cancer. Indeed, when filling out a questionnaire for 
scientist- administrators about the skills essential to his job, Baker se-
lected “knowledge of managerial technique,” a category from the survey, 
and then penciled in: “an optimistic attitude and commitment to [the] 
mission.”115 Since possible human cancer viruses often existed at the limit 
point of the experimental and epidemiological criteria used by virus re-
searchers, the performance of managerial claims became an integral part 
of guiding the interventions that Baker and other administrators made 
in the process of biomedical research during a period of unprecedented 
expansion.116

The history of the SVLP adds to those histories of molecular biology, 
ecology, genetics, and other fields, which highlight the fact that biomedi-
cine grappled with questions of big science throughout the Cold War, not 
just at its end.117 The NCI had not yet articulated the idea of a “War on 
Cancer,” but the patterns of the Cold War already permeated its approach 
to the disease in the late 1960s. The discussion of cancer viruses within 
the SVLP corresponded, in this sense, to the efforts in the same decade of 
systems planners and nuclear strategists to create “closed worlds.” Closed 
worlds substituted techniques and scenarios drawn up in the language of 
engineering for actual events and outcomes. The aim of all of these prac-
tices of planning, language, and technique was to create a stable concep-
tual space that anticipated any event that might occur.118 The question of 
human cancer viruses, reframed through the convergence technique, pro-
vided stability for future planning. The growing count of lives lost to leu-
kemia and the possibility that these were signs of an emerging epidemic 
provided the sense of urgency to animate the closed world of vaccine de-
velopment. This new world gave the SVLP the power to create changes in 
the social and material infrastructure of cancer virology and the emerging 
field of molecular biology.119
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Administrative Objects and the  
Infrastructure of Cancer  
Virus Research

The Special Virus Leukemia Program marked the emergence of an 
ambitious vision for government- sponsored “big science” in peace-

time biomedical research. While the Second World War had witnessed the 
mobilization of doctors and biologists, and the chemotherapy program 
had encouraged federal support for clinical trials, the SVLP envisioned  
channeling immense resources under the command of a single organiza-
tion into the study of cancer at a biological level. After their successful 
defense of its contracting authority against the challenge of the American 
Cancer Society, the administrators of the SVLP enjoyed an unprecedented 
degree of freedom from the usual constraints of biomedical expertise in 
spending money for cancer virology. As Kenneth Endicott, the director of 
the National Cancer Institute, had emphasized in his testimony to Con-
gress, the program did not ask whether a human cancer virus existed, but 
when it could be found. The effort of the SVLP was predicated on the 
assumption that “at least one virus” was “an indispensable element” in 
human cancer.1 This orientation removed control over the boundaries 
of federal cancer virus research from the academic biomedical research 
community writ large, who lambasted the program’s questionable “intel-
lectual underpinnings.”2

However, this criticism did not diminish the SVLP’s capacity to shape 
cancer virology. Philanthropic organizations, especially the American 
Cancer Society, continued to support cancer virus studies, but those or-
ganizations focused on academic laboratories and typically offered less 
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than $350,000 (2017 USD) annually.3 By contrast, the National Cancer 
Institute would devote more than $6.5 billion (2017 USD) to cancer virus 
studies carried out by the SVLP and its successors, the Special Virus Can-
cer Program (SVCP) and the Virus Cancer Program (VCP)— spending 
as much as $700 million annually (2017 USD) later in the 1970s. At the 
beginning of the War on Cancer in 1971, its operations accounted for 10 
percent of the NCI’s overall budget.4 The magnitude of support the SVLP 
enjoyed allowed its systems planning approach, which had initially satis-
fied the NCI’s need to confront skepticism from Congress, to reshape the 
field of cancer virology. The NCI’s cancer virus programs later formed the 
core of expansive, and controversial, plans to manage cancer research as a  
whole during the War on Cancer.5

The SVLP and its successors were controversial because they treated 
human cancer viruses as administrative objects rather than as objects of 
scientific research. The leadership of the SVLP understood their efforts 
as more than a means of studying cancer viruses. Rather, they saw their 
program as a way to hasten the inevitable emergence of a human cancer 
virus. The same challenges that had bedeviled cancer virology a decade 
before still existed, and no decisive observation of a human cancer virus 
had yet taken place. However, treating human cancer viruses as admin-
istrative objects rather than as laboratory objects resolved this challenge 
and allowed the federal government to act in advance of scientific consen-
sus. Administrative objects were more than simply rhetorical pawns for 
intra- Washington political maneuvering; they also suggested novel ways 
of practicing cancer virus research, practices that underline the impor-
tance of infrastructure for biomedicine.

The SVLP approached the process of cancer research as one of joining 
together elements of a system for studying viruses— enzymes, scientists, 
tissue samples, and instruments— that had not been united before. The 
process of building this infrastructure helped constitute cancer viruses as 
scientific objects. This interpretation implies that the relationship between 
the scientific study of ontology, what is in nature, is far more closely tied to 
epistemology, the process of how we know it, than many accounts of scien-
tific discoveries assume.6 For the SVLP, objects such as viruses did not exist 
in nature awaiting scientific observation; rather, they would emerge at the 
center of a system of materials and practices arranged to reveal them. The 
existence of human cancer viruses became closely tied to the social and 
material process through which the SVLP conducted its search.

By examining three of the SVLP’s projects in the late 1960s, this chap-
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ter highlights the ways in which the administrative nature of cancer vi-
ruses allowed the pursuit of questions that would not have otherwise 
been socially or materially feasible. The first two of the examples— the 
construction of industries for the study of leukemia viruses in the United 
States and the support for epidemiological searches for cancer viruses 
overseas— illustrate how the SVLP was able to sponsor work that would 
not have been pursued through the traditional channels of peer review. 
The third example— the development of the viral oncogene theory and 
the SVLP’s embrace of molecular biology— is a more complex case. The 
oncogene theory was proposed at a moment when the program had failed 
to meet its own goals, and it suggests that administrative thinking was not 
an incidental, but a generative, element of the experimental systems that 
arose to study cancer at the molecular level in the 1970s.

Creating a “New Sort of Industry”

The SVLP succeeded in removing the medical and biological professions 
from the gatekeeping role they had previously enjoyed in the conduct of 
federal cancer research. The administrators of the program drew on phy-
sicians and biologists for advice and followed the results of their work en-
thusiastically, but their options for action were not limited to the opinions 
expressed by this group, as the peer- review system would have demanded. 
This independence opened up many more areas for potential intervention 
and permitted the creation of new communities of biomedical research-
ers. Carl Baker highlighted the importance of this active management for 
the SVLP. Thinking of viruses as administrative objects, he argued, dem-
onstrated that the important organizational question was not whether in-
dividual investigators would ever find proof of human cancer viruses, but 
whether they even had the capacity to do so.

Human cancer viruses and other carcinogens, Baker explained, could 
be identified only through “greatly expanded” search efforts. For aca-
demic scientists, this kind of screening work represented “mere data col-
lection,” too “pedestrian” to merit funding. It fell to the NCI to handle the 
“large and complex” logistical effort of maintaining the “great numbers of 
animals . . . over long periods of time” necessary to generate statistically 
useful findings. These efforts, Baker concluded, would “not be done in the 
laboratories of individual investigators.” The scale of the SVLP’s opera-
tions was necessary not only for speed, but also for capturing phenomena 
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that individual laboratories would miss. Its “complex, integrated, system-
atic” efforts were not only required; they were “overdue.”7

Kenneth Endicott, who had experience with this kind of approach in 
chemotherapy, presented contracting as integral to the NCI’s new opera-
tions. For projects on which academic investigators were unwilling to work, 
the NCI would create a new set of research institutions. In that effort, 
mission- oriented contracts allowed coordination between private industry 
and the government. Testifying to Congress, Endicott explained that the 
NCI was “trying to develop . . . a new sort of industry to do the types of 
technical jobs that need to be done here.” The Department of Defense, 
Endicott explained, “reached this scale a long while ago. . . . A whole series 
of consulting laboratories . . . developed around the country.”8 He was more 
expansive regarding his ambitions in an interview: “We’ll build some indus-
tries. What the Hell! We’ll build them because we’ve got to have them.”9

The contracts issued by the SVLP reflected its emphasis on construct-
ing this new infrastructure as quickly as possible. The contracts awarded 
in its first year, for example, succeeded in spending $9.9 million on forty- 
eight projects in eight months— far faster than an equivalent amount 
could have been disbursed through grants. True to the process- based ap-
proach that its planning embraced, the contracts distributed by the SVLP 
were aggressively targeted at the logistical obstacles that cancer virus 
research grappled with. Some of the most expensive contracts were for 
the creation of animal models for the study of leukemia, making use of  
defense- related contractors and agricultural schools across the nation. 
Bionetics Research Labs in Falls Church, Virginia, received $853,033 to 
start screening different primate species for their susceptibility to poten-
tial human leukemia viruses. Contracts worth approximately $470,000 
went to both the University of California’s School of Veterinary Medicine 
and the University of Pennsylvania to test the transmissibility of bovine 
leukemia in specially constructed isolation facilities. Large contracts were 
also awarded to other agricultural and medical schools to develop systems 
for studying the transmission of leukemia in cats and dogs. Another line 
of animal resource development was to create “germ- free” populations of 
mice, hamsters, and quails for further research— which Germfree Prod-
ucts Inc. of Tampa, Florida, promised to do for $720,335.10

Another group of contracts focused on assembling the materials 
that cancer virology required. Defense contractor Melpar Inc. received 
$244,380 for the production of 3,473 ml of purified mouse leukemia vi-
rus, to spare laboratories interested in working with leukemia viruses the 
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figure 6.1. Building 41 on the NIH Campus in Bethesda, MD, completed in 1970 at a cost 
of nearly $10 million, contained flexible laboratory space to allow work with biohazards such 
as human cancer viruses. Image courtesy of National Institutes of Health Office of History.

expensive burden of maintaining their own mouse colonies. The SVLP 
did not wait for promising results from animal studies— it sent $328,399 
to Baylor University to use electron microscopy and other methods to 
reveal the presence of viruses in blood samples taken from children with 
leukemia, collected by the Texas Children’s Hospital Hematology Service. 
Reflecting the SVLP’s confidence that the identification of a human leu-
kemia virus was imminent, the largest contract it awarded in its first year 
was for $989,000 to the Dow Chemical Corporation for the design of a 
“state of the art” leukemia virus research laboratory incorporating the 
latest biohazard control measures.11 The following year, the National In-
stitutes of Health broke ground on the laboratory— Building 41 on the 
NIH’s Bethesda campus. The building eschewed “conventional labora-
tory design,” favoring a system of containment “modules” that could be 
reconfigured to suit future developments in research, especially work with 
human cancer viruses.12
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The same administrative logic could manifest itself in even larger in-
frastructural forms. In 1969 President Nixon signed the Biological War-
fare Convention, which committed the United States to ceasing any re-
search on the use of microbiological agents in war. Fort Detrick, located 
in Frederick, Maryland, had been the center of the US Army’s research 
into biological warfare—  ostensibly for defensive purposes, although the 
line between defense and offense was easily blurred. Sensing that a dra-
matic example of turning “swords into plowshares” would both feed his 
détente- era diplomacy with the Soviet Union and position himself as an 
anticancer crusader, Nixon announced that Fort Detrick would be con-
verted into a cancer research center in the summer of 1971, a first salvo 
in the War on Cancer. The very traits that associated Fort Detrick with 
biological warfare— its ability to handle infectious viruses and bacteria, 
its large facilities for growing viruses in tissue culture, and its colonies of 
experimental animals— were exactly the features necessary for studying 
cancer viruses. “It can be expected that additional new, unknown, poten-
tially hazardous human tumor viruses will be discovered,” an NCI press 
release warned, and it therefore made sense to conduct this research with 
“all possible precautions” to protect laboratory workers.13 Under Baker’s 
direction, the NCI brought in the defense contracting company Litton 
Bionetics to manage the complicated logistics of such a large biomedical 
research facility and to supervise a program carried out by Litton scien-
tists and staff from the NCI, who were quickly finding their own research 
quarters at the NCI headquarters overcrowded.14 In the late 1970s, the 
contract to operate Fort Detrick as the Frederick Cancer Research Fa-
cility reached a value of $25 million annually. Two hundred researchers, 
among a scientific staff of more than six hundred, were at work in its labo-
ratories on viruses.15

A Global Hunt for Cancer Viruses

Alongside its efforts to create laboratory infrastructure for virus stud-
ies, the leadership of the SVLP sought to identify a virus causing human 
cancer “from nature.”16 For the SVLP, these studies were an opportunity 
to demonstrate through natural experiments, such as the immunological 
comparison of otherwise similar healthy and sick individuals, that viruses 
could cause a human cancer. Such a finding promised to resolve one of the 
major frustrations of cancer virus research— its inability to fulfill Koch’s 
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postulates by inducing disease in a healthy individual.17 The effort first 
focused on collecting samples of blood and tissue from domestic leukemia 
“outbreaks” such as the one in Niles, Illinois, mentioned in the introduction, 
but the effort soon expanded further afield. The SVLP maintained ongoing 
contact with the Centers for Disease Control in Atlanta to investigate and 
collect tissue from “unusual epidemiologic or genetic situations,” as well as 
with hospitals across the country.18

The most promising candidate in the mid- 1960s was found not in North 
America but in sub- Saharan Africa: a rare lymphoma reported by the 
Irish missionary surgeon Denis Burkitt in 1958. The geographic distri-
bution of this cancer bore a suggestive relationship to mosquito- borne 
viral illnesses such as yellow fever.19 In 1964 Michael Epstein and Yvonne 
Barr, an electron microscopist and a pathologist at Middlesex Hospital in 
London, created excitement when they announced that they had identi-
fied virus particles— called Epstein- Barr Virus (EBV)— in tissues from  
individuals with Burkitt lymphoma.20 This discovery promised to advance 
the search for leukemia viruses. Given that the United States and Uganda, 
where Burkitt lymphoma was first observed, appeared to have mirror- 
image incidence rates of leukemia and lymphoma, some epidemiologists 
speculated that Burkitt lymphoma might be a kind of leukemia itself.21 
Understanding its viral causes would thus directly advance the SVLP’s 
mission of finding a leukemia virus.

However, virologists and cancer researchers in the United States re-
acted with skepticism toward undertaking the large- scale epidemiological 
fieldwork that would be required to demonstrate a link between EBV and 
Burkitt lymphoma. Writing to a Rockefeller University colleague seek-
ing to survey cases of Burkitt lymphoma in Africa and South America, 
the dean of American tumor virology, Peyton Rous, argued, “Your idea 
of going here and there in the tropics and becoming essentially a medi-
cal ecologist instead of the trenchant discoverer through experimentation 
that you have over and over shown yourself to be, is a greatly disturbing 
idea. You would not be coming to grips with the vital problem of the lym-
phoma but merely skirmishing on its fringes.”22

The structures of the SVLP sought to surmount precisely that kind 
of academic disinterest. Faced with doubt from American cancer virus 
researchers, the NCI and the SVLP used contracts as a means of spurring 
research that would otherwise not have occurred. Their effort built upon 
the interest of the NCI’s Cancer Chemotherapy National Service Center 
(CCNSC) in the treatment of Burkitt lymphoma. In the 1950s, driven by a 
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similar desire to screen the maximum number of compounds as quickly as 
possible, the CCNSC had issued contracts for the testing and collection of 
potential chemotherapeutic agents in countries around the world, includ-
ing India, Japan, Poland, Egypt, and Hungary. The NIH was prohibited 
by law from providing grants to researchers outside the United States, but 
there were no similar constraints on contract funds.23

Those interested in chemotherapy found a perversely favorable setting 
for clinical testing amid the “underdevelopment” of cancer treatment in 
newly independent African nations such as Uganda.24 At midcentury, the 
principal therapy for solid tumors was some combination of radiation and 
surgery. Access to both forms of this treatment, even in North America 
and Europe, was still limited. Burkitt, after his initial observations, had 
chosen to explore the chemotherapy of lymphoma rather than its infec-
tious etiology, on the grounds that East Africa’s lack of radiation treat-
ment facilities or trained surgeons made it possible to test chemotherapy, 
still an unproven treatment for solid tumors, as a stand- alone treatment 
rather than an experimental supplement to established therapies in the 
United Kingdom. Fortunately, some of the compounds Burkitt tested did 
indeed produce striking remissions in the children he treated.25

The CCNSC envisioned Uganda as a laboratory for the testing of new 
chemotherapy regimens. In 1967 it issued a contract to establish the Lym-
phoma Treatment Center at Makerere University in Kampala.26 This lo-
cation ensured access to a large number of Burkitt lymphoma patients to 
serve as subjects in clinical trials for new chemotherapeutic agents.27 The 
treatment center operated from 1967 through 1976, supported entirely by 
contract funds in addition to a free supply of experimental chemotherapy 
compounds.28 Its principal mission was to obtain information that would 
be “of direct interest to the treatment of cancer in the United States.” 
Rapid growth was possible since its Ugandan medical staff, who grew to 
forty in number, were more affordable to hire than equivalent personnel 
for clinical trials in the United States.29

Meanwhile, the SVLP sought to resolve several bottlenecks facing 
further studies of the relationship between EBV and Burkitt lymphoma. 
Given the rarity of Burkitt lymphoma cases, shortages of biological mate-
rial posed a serious challenge. In one early study, thirty- eight of ninety- six 
serum samples collected from patients in Kenya were so small that they 
could not be subjected to the full range of tests that investigators sought 
to carry out for antigens and DNA fragments.30 From its access to Burkitt 
lymphoma cases through the Lymphoma Treatment Center, the NCI sup-
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plied samples of tissue and blood to researchers working in the United 
States and Europe. This effort included maintaining its own deep- freeze 
blood serum bank on site, containing sera collected “from African pa-
tients with a diagnosis of Burkitt lymphoma . . . frozen as soon as feasible 
and sent in dry- ice by air express” to laboratories in the United States.31 
As part of its Human Tissue Procurement Program, the SVLP also issued 
contracts to Makerere University in Kampala, Korle Bue Hospital in Ac-
cra, Ghana, and the University of Ibadan, Nigeria, for samples of Burkitt 
lymphoma, which were processed and distributed by Virginia- based de-
fense contractor Melpar.32

As further information concerning the association of EBV with 
Burkitt lymphoma accumulated, the SVLP convened a meeting of Ameri-
can virologists in 1968 to discuss the organization of a much larger survey, 
in conjunction with the International Agency for Research on Cancer 
(IARC), of EBV infection in the blood of residents of East Africa.33 The 
IARC’s president, John Higginson, hailed the proposed survey as a new 
template for large- scale biomedical research. He saw large- scale studies  
of the pathogenesis of cancer and other degenerative diseases as a key op-
portunity for “multidisciplinary investigations in several different popula-
tions . . . at the international level.” Diseases, he argued, “do not respect na-
tional boundaries.” Public health officials, epidemiologists, and laboratory 
workers were traditionally separated, Higginson explained, but research 
into diseases such as cancer demanded that they be brought together within 
integrated research organizations. The value of such a project was evident 
in the collaboration of public health officials, virologists, and epidemiolo-
gists in the analysis of Burkitt lymphoma, an example of an “environmental 
biology” capable of uniting laboratory and field studies of carcinogenesis 
through long- term observations that “many workers prefer to avoid but 
which are essential to any rational control program.”34

The leadership of the SVLP foresaw that it would be “necessary to 
develop a capability of making field studies in human populations and 
the associated viruses in their natural ecology plus the expansion of re-
lated laboratory capabilities.” This capability would be “costly” because 
of the need for “massive numbers of tests” and the extensive record- 
keeping work necessary to correlate laboratory data with epidemiological 
observations.35 Indeed, given the rarity of Burkitt lymphoma, it seemed 
likely that only a survey of tens of thousands of individuals would reveal 
a close association— work that greatly exceeded the dozens of individuals 
that doctors in clinics treated.36 The IARC proposed working as a prime 
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contractor for the SVLP, expanding the program’s reach around the world 
through its ability to subcontract with health agencies connected to the 
World Health Organization.37 Soon after receiving this request in Janu-
ary 1969, the program chairs of the SVLP voted unanimously to award 
$350,000 to the IARC to start preparations for its survey.38 With the 
grudging comment, “Since fulfillment of Koch’s postulates in humans is 
unethical, the most direct evidence for etiology can be obtained by com-
bining epidemiological and virological expertise,” the SVLP issued a con-
tract to the IARC for a full- scale survey in the middle of 1970.39

The effort to carry out a large- scale survey of EBV created new com-
munities of experts trained in techniques for identifying viral infections. 
In 1965 Werner and Gertrude Henle, virologists at the Children’s Hospital 
of Philadelphia, developed the first immunofluorescent antibody test for 
the presence of EBV, using a collection of EBV cultures supplied from 
Kampala, London, the NCI, and the Sloan- Kettering Institute in New 
York City.40 The Henles became major proponents of immunofluores-
cence tests to track EBV infection. In 1968 they identified a causal link  
between EBV and infectious mononucleosis, based on the observation that 
one of the technicians in their laboratory fell ill with the disease at the same 
time that her blood sera showed a rise in EBV antibodies, a link that was 
substantiated by subsequent examinations of sera from other mononucleo-
sis cases.41 The SVLP generously supported the Henles’ laboratory on the 
grounds that it served a “major program interest” in seeking to associate EBV 
particles with tumor cells.42

The IARC survey depended on the testing of blood samples using 
standardized immunological tests, and while this work was initially de-
centralized, it eventually concentrated in the Henles’ laboratory. With 
NCI sponsorship the laboratory grew into a service center for screening 
lymphomas from around the world for the presence of EBV.43 From 1968 
through 1974, their laboratory performed screening tests on biopsied tis-
sue sent to them from the United States, the United Kingdom, Germany, 
Israel, and Uganda.44 That transition accelerated when the IARC and the 
SVLP sought to incorporate molecular technologies such as DNA hybrid-
ization into the tests for the presence of EBV— those tests could be car-
ried out only by a limited number of researchers trained in the technique. 
In Germany, for example, a former member of the Henles’ laboratory, 
Harald zur Hausen, started to use DNA hybridization to construct probes 
with the theoretical capacity to detect fragments of EBV DNA within 
cells.45 In July of 1970, Werner Henle requested that the SVLP send four 
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thousand dollars’ worth of radioisotopes to zur Hausen, who collaborated 
with the Henles’ Philadelphia laboratory to produce radioactively labeled 
DNA to test for the presence of EBV DNA in lymphoma tissue.46 Zur 
Hausen later, in the 1980s, used similar hybridization probes to demon-
strate the relationship between strains of human papillomavirus and cer-
vical cancer.47

This sketch cannot fully cover the range of actors and issues raised by 
the conduct of biomedical research in decolonized nations, but it suggests 
that the infrastructure of the NCI was essential to fostering the move-
ment of materials and the formation of communities around particular 
research problems that would otherwise have been passed over by estab-
lished communities of virologists.48

From Administrative Contradictions to Oncogenes

The true potency of treating cancer viruses as administrative objects re-
vealed itself in the late 1960s. This development came about, ironically, as 
efforts to identify human cancer viruses using the SVLP’s considerable re-
sources floundered. While a program predicated on the discovery of these 
scientific objects might have faced an insoluble problem at this point, the 
institutions that Baker had created based on his administrative vision of 
cancer viruses provided the opportunity for the program’s dramatic reori-
entation toward molecular biology. Managerial imperatives shaped the 
study of cancer biology rather than biological discoveries determining the 
management of cancer research. The managerial theories embraced by 
the SVLP allowed it to turn to new iterations of the process of hunting for 
viruses in place of the viruses themselves, and this shift drove new visions 
of biological carcinogenesis.

From the moment of its formation, the principal methods of the  SVLP’s 
search reflected its mission of developing a vaccine. Drawing on the tradi-
tions of immunology and microbiology, the research projects sponsored 
by the program aimed to associate viruses with cancer rather than to 
understand the mechanism by which viruses induced cancer.49 This non-
mechanistic approach had a strong track record in the context of vaccine 
development. Ignorance of the genetic or biochemical aspects of polio, 
flu, measles, rubella, and countless other viruses had not prevented the 
successful production of vaccines, and there was no reason to think that 
cancer would be an exception.50 In one sense, immunological searches had 
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been extremely productive. Projects sponsored by the SVLP around the 
country succeeded in associating viruses with cancers in eighty- five species 
of animals, including chickens, frogs, mice, cats, and nonhuman primates. 
The sheer ubiquity of those viruses made the discovery of human  cancer 
viruses seem imminent.51 Yet as the NCI’s intensive search for human 
 cancer viruses reached the end of its first decade, the administrators of the 
SVLP faced the challenging truth that it had not produced any concrete 
evidence that viruses played a role in human cancers.

The tension between the SVLP’s administrative commitment to the 
role of viruses in human cancer and the absence of immunological evi-
dence for this claim drew the attention of Robert Huebner. Before trans-
ferring to the NCI in 1968, Huebner had achieved a remarkable string 
of successes at the National Institute of Allergy and Infectious Diseases. 
Commissioned into the US Public Health Service during the Second 
World War, he continued to serve at the NIH after the war, studying re-
spiratory diseases common among army recruits. He established a repu-
tation as an innovative virologist for his adoption of new immunological 
tests to reveal a previously unsuspected world of latent, or hidden, hu-
man viral infections.52 Huebner could not say how these viruses caused 
disease, but his immunological detection methods implicated viruses as 
the causes of many kinds of illnesses. In the late 1950s, he turned his ex-
pertise in the detection of latent viruses to the detection of viruses in the 
tumors of mice infected with polyoma virus. His laboratory developed an 
immunological test for the virus rather than waiting months for tumors 
to appear in test animals.53 Frustrated by his laboratory’s first attempt to 
isolate  viruses from human leukemia samples, Huebner returned to study 
a common respiratory virus, adenovirus, as a possible carcinogen.54 He 
found evidence that adenoviruses were oncogenic in hamsters— the first 
instance of a human virus that caused cancer, albeit in a different species.55 
In 1968 Huebner moved to the NCI and started working full-time within  
the SVLP.

Huebner was initially confident that these methods could solve the rid-
dle of cancer cells without cancer viruses.56 However, after several years 
of developing tests, Huebner was also confounded by the absence of any 
trace of viruses in human tumors. Rather than discarding the premise that 
viruses were associated with human cancers, Huebner decided to formu-
late a new mechanism of carcinogenesis: the oncogene theory. Virologists 
studying cancer in mice had noticed a chain of apparent “vertical” trans-
mission of cancer from one generation to the next. Most, like the mouse 
virologist Ludwik Gross, proposed that this chain of transmission rested 
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figure 6.2. Robert Huebner, about 1965. After an initial career developing vaccines against 
respiratory illnesses in the army and at the National Institute for Allergy and Infectious Dis-
eases, Huebner became one of the NCI’s most ardent virus hunters. Image courtesy of Na-
tional Institutes of Health Office of History.

on the infection of embryos by viruses in the womb before their immune 
systems had developed.57 Huebner suggested that vertical transmission 
was a feature not of infection, but of the inheritance of “oncogenes”— 
genetic elements from a virus that were capable of giving rise to cancer 
generations after a virus infected a cell.

Huebner drew upon some of the latest findings in the regulation of genes 
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in bacteria, particularly the theory of French biologists François Jacob and 
Jacques Monod that genes could exist in a “repressed” state in bacteria. 
However, the impetus for his new theory arose not from his enthusiasm 
for molecular biology, but from his sense that “a simple contradiction . . . 
needed to be solved.” “When viewed in relation to all the data,” he contin-
ued, “the inherited oncogene theory is the only concept which covers all 
the bases.” Huebner presented his new theory not only as a mechanism of 
how viruses caused cancer but as an explanation for the biological process 
of carcinogenesis as a whole.58

The vectors of Huebner’s oncogene theory were C- type RNA tumor 
viruses, or retroviruses, which virologists inside and outside the SVLP 
frequently observed in animal tumors. Drawing an analogy between theo-
ries of gene regulation in bacteria and the causation of cancer by viral 
oncogenes, Huebner and his colleague George Todaro speculated that 
retroviruses had two types of genes. The first kind, “virogenes,” were re-
sponsible for making the protein capsule of the virus. The second kind, 
“oncogenes,” were responsible for transforming a normal cell into a can-
cerous cell after infection. After infection, the genetic components of a 
retrovirus— virogenes and oncogenes— remained in a “repressed state” 
within the genome of a normal cell, passing from “animal to progeny ani-
mal and cell to progeny cell.” In this state, a retrovirus would be invisible 
to immunological detection and even electron microscopy. Occasionally,  
if a cell were exposed to radiation or chemicals, the repression of the onco-
gene would cease, causing cancer to seem to appear spontaneously when 
it had in fact been caused by viral infection generations before. A finding 
that supported this theory was that supposedly “virus free” colonies of 
cells often showed traces of viral proteins.59

The oncogene theory ran against prevailing opinion in the fields of 
medical genetics, oncology, and molecular biology in the late 1960s. Within 
the field of medical genetics, the physical relationship between changes 
in genetic material and the occurrence of disease remained opaque. In 
1914 Theodor Boveri, who had identified chromosomes as carriers of he-
redity in 1902, suggested, with little evidence, that cells became cancer-
ous because of changes or abnormalities in their chromosomes.60 In the 
late 1950s, medical geneticists linked various conditions, such as intersex 
characteristics and Down syndrome, to identifiable variations in a cell’s 
chromosomal makeup.61 In 1960 a pair of researchers in Philadelphia an-
nounced that small changes in one chromosome were associated, although 
not necessarily causally connected, with a particular kind of leukemia, but 
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figure 6.3. An illustration of the viral oncogene theory, as articulated in 1969. (1) Normal vi-
ruses contained “virogenes” that allowed the viruses to reproduce. Reproduction took place 
by infecting a cell, causing the cell to rupture and release new viruses. This made viral infec-
tion very easy to associate with cases of disease using immunology. (2) Retroviruses contained 
both virogenes and “oncogenes.” The retrovirus could insert an oncogene into the genome of 
a cell along with its virogenes, where it would reproduce over several generations instead of 
killing the cell. In some cases, an event (*), such as radiation, chemical exposure, or chance 
mutation, could cause the oncogene to be expressed by the cell, creating a cancerous growth 
with none of the immunological signs of infection. Illustration by Steven Parton.

oncologists did not explore this result.62 In the 1960s and 1970s, studies 
of the family history of breast and colon cancer patients established the 
hereditary basis of these diseases, but that work took place in Nebraska, 
far from the attention of experimental cancer researchers on the coasts. 
Moreover, from the perspective of midcentury oncologists, few therapeu-
tic gains would ensue even if hereditary factors were identified in causing 
human cancer— the stigma of eugenics haunted such investigations.63

Meanwhile, to those familiar with the biochemistry of RNA and DNA 
synthesis, the oncogene theory’s insistence that RNA- based viruses could 
create DNA copies of their genome violated the “central dogma” of mo-
lecular biology proposed by Francis Crick, the codiscoverer of DNA’s 
structure, which held that information flowed from DNA to RNA to pro-
teins but not in the reverse direction.64 At the very best, the oncogene 
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theory relied on a biochemical mechanism that had not yet been proved 
to exist; even if such a mechanism did exist, Huebner and Todaro had no 
sense of where an oncogene lay in the retroviral genome.

However, as leader of the SVCP’s Solid Tumor Virus Segment, Hueb-
ner held the power and resources to move ahead with his investigation 
even though it ran against the opinion of other researchers. “Perhaps one 
of the more debilitating concepts in cancer etiology,” he bemoaned to the 
NCI leadership, “is the notion promulgated by cancer therapists and pa-
thologists that cancer is 100 to 200 ‘different diseases’; thus inferring many 
causes and the need for many differing modes of control.” For Huebner, 
research into the molecular mechanisms of viral carcinogenesis promised 
to resolve this complicated picture by demonstrating that different kinds 
of cancer were the result of “essentially similar molecular events taking 
place in many different cells and organs of the body.”65 This apparent 
similarity justified his confidence in moving from animal models to hu-
man vaccination. “We can now wipe out cancer among mice. Our job is 
to isolate similar genes in humans,” he announced at the laboratory of a 
major SVLP contractor in St. Louis in February 1970.66

The Reverse Transcriptase Boom

The nature of the power that the SVCP’s infrastructure allowed Huebner 
to wield became evident after the identification of reverse transcriptase, 
an enzyme that provided a plausible mechanism for retroviruses to al-
ter the DNA of infected cells. The SVCP could not claim credit for the 
discovery of reverse transcriptase, but the contrast between the career 
path of one of its codiscoverers, Howard Temin, and Huebner’s suggests 
how the expansion of cancer virus research infrastructure shaped work on 
retroviruses.

As a doctoral student at the California Institute of Technology in the 
late 1950s, Temin helped to develop an in vitro system for studying the be-
havior of the tumor virus first identified by Peyton Rous, known as Rous 
Sarcoma Virus (RSV).67 Temin’s work fostered an initial wave of interest 
among molecular biologists regarding the potential of studying the genet-
ics of cancer through viruses, which is discussed at greater length in chap-
ter 7. In the 1960s Temin, now a professor at the University of Wisconsin– 
Madison, devoted much of his research to examining the behavior of RSV 
and the role it played in the transformation of cells. He proposed his own  
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theory of transformation, the “provirus” theory, in 1964. Drawing on 
the emerging metaphor of genes as “information” carriers for protein 
 production, Temin argued that RSV was capable of inserting into “the cell 
genome,” the set of DNA usually carried by a cell, “sufficient  information 
to make it a tumor cell.”68 His theory suggested that all cases of viral 
 carcinogenesis required the “formation, activation, and expression of new 
genes.”69 Rather than searching for a virus itself, Temin focused his efforts 
on the hunt for “virus- carried information.”70

During the second half of the 1960s, Temin sought to resolve the chal-
lenges presented by his provirus theory. In particular, that theory, like 
Huebner’s oncogene theory, ran afoul of Crick’s “central dogma” of mo-
lecular biology, according to which the information flow of molecular bi-
ology passed from DNA to RNA or DNA, and from RNA to proteins 
or RNA. Information could not pass from proteins to RNA and DNA 
or from RNA to DNA. This was a challenge for Temin’s theory, because 
RSV was an RNA- based virus. There was no biochemical mechanism that 
Temin knew of that allowed RNA to create the DNA provirus that his 
theory proposed. Stymied at the level of mechanism, Temin attempted 
different methods to show that the RNA of RSV created a DNA provi-
rus within infected cells, but none met with success. Ultimately, Temin 
came to rely on techniques that were unfamiliar to the molecular biol-
ogists of the phage school. He turned to a complex, but hypothetically 
accurate, biochemical technique for detecting the provirus, if it existed: 
RNA- DNA hybridization. Unfortunately, the test’s hypothetical preci-
sion was matched only by the difficulty of employing it. The challenges of  
the hybridization reaction required an adeptness with biochemistry that 
Temin did not possess— the phage school had emphasized training in 
quantitative methods rather than biochemistry. As a result, though Temin 
was a respected member of the expanding molecular biology community, 
few embraced his theory.71

Temin’s approach embodied the modest and restrained style of aca-
demic biology— he generally worked alone or with a few collaborators, 
and his principal aim was learning more about the behavior and repro-
duction of RSV itself. The grants that he received for his work from the 
NCI, following the structure endorsed by academic biologists in the 1950s, 
placed no obligation on him to produce particular results. Accepting the 
US Steel Award for Molecular Biology from the National Academy of Sci-
ences for his discovery of reverse transcriptase, Temin reminded his audi-
ence, “It is clear that this type of research has as of yet had no immediate 
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helpful consequences for people with cancer.” Nor was it “clear whether 
it will have such consequences in the future. We may hope that it will, but 
we must not confuse this hope with the actualities.”72

In 1970, Temin and one of his collaborators succeeded in isolating re-
verse transcriptase from RSV, an enzyme that allowed RNA viruses to 
edit the DNA of cells. This accomplishment was soon embraced as a ma-
jor discovery, and Howard Temin was a corecipient of the Nobel Prize in 
1976 for his contributions to virology and molecular biology. As much 
as his work appeared to stand on its merits, its reception benefited dra-
matically from the SVCP’s interest in retroviruses. Temin had claimed to 
provide proof of the provirus in earlier papers, and his new claim could 
have been greeted with further skepticism.73 Molecular biologists might 
have remained reluctant to set aside the central dogma, preferring to treat 
his discovery as an isolated curiosity rather than a finding that suggested  
revising the dogma itself. For example, James Watson’s Molecular Biology 
of the Gene (1965) discussed the central dogma, holding that it was gener-
ally applicable with a potential exception for “certain RNA viruses.”74

In the late spring of 1970, a young virologist named David Baltimore 
independently succeeded in isolating reverse transcriptase. The simul-
taneous publication of Temin’s and Baltimore’s findings in Nature that 
June did a great deal to draw attention to reverse transcriptase as a major 
discovery. While Baltimore first came to suspect the existence of reverse 
transcriptase in his studies of a viral cattle illness, vesicular stomatitis, 
he did not possess the ability to grow enough of the virus to isolate the 
enzyme. He appealed to Huebner’s colleague Todaro, a fellow Swarth-
more alumnus. Through this informal connection, Baltimore obtained al-
most $1 million worth of a purified mouse leukemia retrovirus, which the 
SVCP had stockpiled for further virus studies. Baltimore isolated reverse 
transcriptase from these materials.75 While he could have isolated reverse 
transcriptase by other means, his access to the virus sped his work, allow-
ing the appearance of his results with Temin’s.76

Huebner and the SVCP greeted the discovery of reverse transcriptase 
as an opening for their administrative approach. The oncogene theory, far 
from providing a glib excuse for a setback, appeared to have anticipated a 
major discovery, and now the SVCP would help the scientific community 
pursue its implications. In particular, these developments led the lead-
ership of the NCI to believe that molecular biology offered a new basis 
for the detection of viruses and a site for “major expansion”; they hoped 
that these approaches would eventually provide a “rational basis” for 
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cancer therapy or prevention at the cellular or subcellular level.77 SVCP 
contractors worked rapidly to confirm the isolation of reverse transcrip-
tase. After Baltimore announced his findings on the Friday afternoon of 
a conference at Cold Spring Harbor Laboratory in Long Island, Sol Spie-
gelman, a SVCP- sponsored expert in RNA- DNA hybridization, hurried 
back to his laboratory at Columbia University. The following Monday he 
announced the successful replication of Baltimore’s and Temin’s results.78 
A representative from the SVCP invited scientists in the “packed hall” of 
Cold Spring Harbor Laboratory’s annual tumor virus meeting “to send 
requests for free samples of RNA tumor viruses to Bethesda as soon as 
possible.”79

The SVCP, in effect, sought to fill the sparsely populated field of ret-
rovirus research with as many virologists and molecular biologists as 
possible. It launched an ambitious set of human, animal, immunologic, 
and molecular studies of retroviruses.80 Ray Gilden, who worked at Flow 
Laboratories, said that Huebner would “run through walls” in his effort 
to mobilize as many scientists as quickly as possible for research on prom-
ising viruses. Murray Gardner, who oversaw the VCP’s largest academic  
contract at the University of Southern California, remembered the “almost 
unreal” experience of being recruited by Huebner during a visit to Los 
Angeles and being left with money to “learn on the job” and assemble 
an interdisciplinary research team. Robert Gallo, later one of the first 
virologists to isolate HIV, recalled that his work on viruses at the NCI’s 
Laboratory of Tumor Biology was supported by a contract and that it 
allowed him to rapidly expand his work by hiring postdocs and acquiring 
laboratory space.81

The scale of this support was generous beyond the imagination of mo-
lecular biologists. Until the late 1960s, a grant of $100,000 for molecular 
biology represented “a large sum of money.”82 Huebner, by contrast, con-
trolled a budget of more than $10 million annually, and his segment was 
only one of several within the expanding scope of efforts under the NCI’s 
renamed Virus Cancer Program. In 1972 the largest contracts awarded by 
Huebner’s segment included $550,000 to the University of California for 
the study of two simian Type- C retroviruses, $2,410,000 to Flow Labo-
ratories in Maryland for comprehensive immunological and molecular 
studies of possible human Type- C and herpes viruses, $2,080,000 to Mi-
crobiological Associates for the study of viral and chemical cocarcinogen-
esis, $1,200,000 to St. Louis University to use molecular methods to detect 
cancer virus– specific genetic material, and $2,499,040 to the University of 
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Southern California School of Medicine for studies regarding the etiology 
and epidemiology of human cancer.83

Many scientific commentators were sharply critical of the NCI’s invest-
ment in retroviruses. The intellectual dividends of reverse transcriptase 
research did not seem to justify the immense investment. Their dissent 
provides an ironic testament to the efficacy of the SVCP in populating 
and sustaining activity at the juncture of virology and molecular biology. 
“If a prize were to be given for the most whip- cracking and numerous un-
necessary duplication of experiments,” a Nature commentator groused, 
retrovirus studies “would win hands down.” Even if it “prov[ed] hard to 
find even epidemiological evidence of human RNA cancer viruses, the 
SVCP will be content if its pensioners manage to manufacture them in 
their laboratory.”84 By 1971 another writer marked the first anniversary 
of the enzyme’s discovery by worrying that, like the Vietnam War, reverse 
transcriptase studies were beginning to suffer from a “credibility gap.”85

Building Up Cancer Virology

The SVCP’s investment in cancer virus research in all its forms, espe-
cially retroviruses, succeeded in creating a “boom” in these studies just 
as planning for the War on Cancer began. The expansion of this field was 
a function not only of scientific interest and federal money, but also of 
the infrastructure built by the SVCP. The mass production of viruses, the 
creation of international epidemiological projects, and the rapid explora-
tion of reverse transcriptase would not have been possible absent the new 
administrative and political structures that allowed the NCI to operate 
independently of the peer- review system. The SVCP created experimen-
tal systems that otherwise would not have existed, prompting researchers 
to ask and answer very different questions about cancer and viruses than 
they had thought possible before.

The growth of cancer virus studies at the NCI also differs from ac-
counts of booms in other scientific fields, which have emphasized the need 
to enroll scientists themselves.86 Baker’s attitude toward the motives of 
individual scientists recalls a point made by historians of American west-
ward expansion. Faced with seemingly limitless “free” land, companies  
found that the territory was valuable only insofar as labor was available 
to work it. To compel workers to undertake the arduous and dangerous 
tasks of railroad construction, mining, or agriculture, these groups turned 
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to labor contracts rather than attempting to entice workers by offering 
higher wages.87 While the contracts employed by the SVCP were not as 
blunt as those used in the nineteenth century, they suggest that the expan-
sion of cancer virus studies as a field was sustained as much by the agenda 
of the government as by attracting the interest of scientists. The resulting 
tensions came to the fore as the federal government contemplated the 
application of the SVCP’s model to all forms of cancer research, and po-
tentially biomedical research as a whole, during the War on Cancer.
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Viruses as a Central Front in the  
War on Cancer

In December 1969, the White House was inundated by a volume of let-
ters and petitions that was unprecedented in the first year of the Rich-

ard Nixon presidency. Citizens from across the country wrote to Nixon 
asking, and sometimes demanding, that he make the “conquest of cancer 
a national goal.”1 This chorus of demands heralded the beginning of a new 
era in the politics of biomedical research, one in which popular pressure 
assumed a role in shaping federal policy. Two years later, Nixon signed 
the National Cancer Act, marking the commencement of the government’s 
“War on Cancer.” To fight this war, Congress envisioned the most ambi-
tious effort— up to that date or any time since— to manage and organize 
biological research for medical ends. The National Cancer Institute gained 
a lavish budget and a legislative mandate to “encompass the full range of 
all types of research and related activities” necessary for the prevention, 
control, and cure of cancer.2 In its expansion, the National Cancer Institute 
drew upon the systems of command and control it had adapted from Cold 
War defense planning to guide cancer virus research. However, calls for a 
declaration of war did not reflect hubris, as it was often assumed by later 
commentators, but rather, deep concern that the biomedical settlement 
of the 1950s was unsustainable in the face of changing political and eco-
nomic conditions.

In the late 1960s, the pillars of the initial biomedical settlement started 
to erode. Members of the Washington alliance for biomedical research 
that Mary Lasker and her allies had assembled in Congress faced renewed 
questions regarding the therapeutic payoff of biomedical research based 
on peer- reviewed grants. These questions joined the dual pressures of 
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spending on the War on Poverty and the Vietnam War to slow the me-
teoric rise of federal expenditures on biomedical research. Demands for 
mission- oriented research escalated, reflecting anticancer activists’ frus-
tration with the slow pace of cancer research and their concern that tax-
payers would no longer support research whose aims strayed so far from 
human health. For Lasker, the National Cancer Act provided an opportu-
nity to imagine not only an end to cancer but also a new way of organizing 
biological research for the sake of public welfare.3

The rise of calls for mission- oriented research also augured a shift in 
the relationship of another set of parties to the biomedical settlement, bio-
logical researchers, to the federal government. The War on Cancer was 
especially striking for witnessing the entry of a new community of biolo-
gists, molecular biologists, into debates over the terms of the biomedical 
settlement.4 For this community, the 1950s and early 1960s had marked 
their discipline’s triumphant emergence from work in virology, biochem-
istry, biophysics, microbiology, and genetics. Evidence of molecular bi-
ology’s ascendency appeared to be everywhere: its leading researchers 
received a string of Nobel Prizes, new journals arose, and university biol-
ogy departments were renamed to reflect the importance of molecular 
studies. Molecular biologists saw themselves in the vanguard of a new way 
of understanding life based on the construction of experimental systems, 
such as the interaction of bacteria and viruses, which were amenable to 
quantitative modes of analysis borrowed from physics.5 In the late 1960s, 
their mood changed. The pace of major discoveries slowed, and a sense of 
limitless potential gave way to one of growing anxiety. Some worried that 
molecular biology was on the verge of entering a routine, largely fallow, 
“academic phase.”6 Many molecular biologists thought that tumor viruses 
offered the best pathway for their “migration” from the stagnating study 
of simple organisms to the new frontiers of complex human and animal 
cells. However, animal cells and tumor viruses were far more complex and 
far more expensive to work with than bacteria and their viruses.7

The War on Cancer marked the moment when the drive of this new 
community of biologists to explore life at ever more fundamental levels 
came into contact with demands to renegotiate the biomedical settlement. 
Whereas the first generation of molecular biologists could rely on support 
from universities and philanthropies to sustain the modest needs of their  
research, the only organization with the means to support molecular biol-
ogy’s future expansion was the federal government. Yet molecular biolo-
gists identified with neither the aims of traditional biomedical scientists 
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nor those of mission- oriented research. To their dismay, both allies and 
critics of the biomedical settlement seemed willing to contemplate major 
changes to the organization of research. The managerial emphasis of the 
National Cancer Act realized molecular biologists’ worst fears about the 
potential for the federal government to control the intellectual and pro-
fessional fate of their discipline. In the debate over approaches to cancer 
launched by the National Cancer Act, this community proposed a new 
understanding of cancer and cancer research. Cancer viruses, with their 
ties to the aims of both public health and molecular biology, were both 
among the most visible therapeutic targets of the proposed War on Can-
cer and among the topics where molecular biologists would debate ques-
tions of what processes drove the biology of cancer, how to study disease, 
and who, ultimately, would define the future organization of biomedical 
research.

Autonomy and Accountability for Biological Research

The biomedical settlement, which presented federal support for peer- 
reviewed biomedical research as a major contribution to the nation’s 
health, had enjoyed a high level of political support throughout the 1960s, 
with the exception of comparatively minor conflicts and challenges. The 
Democratic administrations that held power in Washington for most of  
the decade encouraged the public to see research sponsored by the Na-
tional Institutes of Health as a major contribution to science and social 
welfare. Yet as time passed, the settlement’s political allies started to ques-
tion the returns of this arrangement. Before the escalation of the Vietnam 
War stalled his domestic agenda, President Lyndon B. Johnson sought 
to make the translation of biomedical research into concrete therapeutic 
advances a fitting sequel to his “War on Poverty.”8 The central issue, as 
Johnson saw it, was to establish the medical relevance of biological re-
search. With $800 million (in 1966 dollars) spent annually on biomedical 
research, he declared, “We must make sure that no lifesaving discovery is 
locked away in the laboratory.”9

This aim was in tension with the views of the scientists advising fed-
eral research policy, who continued to support grant- based “pure” or 
“fundamental” research and embrace the creative aspects of scientific 
research over its practical returns. In a more politically palatable form, 
this view insisted that independent research was the most efficient means 
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of producing practical returns.10 The political manifestation of these val-
ues at the NIH— the peer- review system— had shielded scientists from 
public hopes and expectations even as it supported the rapid growth of 
biological research on the promise that it would aid human welfare. As 
Nobel Prize– winning molecular biologist Salvador Luria affirmed from 
his laboratory at MIT, the “future of the health sciences” rested upon 
“basic science such as biochemistry and microbiology.”11

Nonetheless, Johnson’s efforts to create targets and timetables for 
moving biological discoveries from the laboratory to the clinic still af-
firmed the biomedical settlement. However, longtime critics of the NIH 
focused on the unspoken implication of this effort: that the peer- review 
system did not effectively move discoveries from the laboratory to the 
clinic. Representative Lawrence Fountain (D- NC), whose initial attacks 
on the management of the NIH had spurred the creation of the Special  
Virus Leukemia Program, amplified, during hearings he convened in 1967, 
the impression that a gap existed between the pursuit of biological research 
and the advance of medical care.12 These hearings captured the growing 
discontent with the operation of grants at the NIH. Peer review, Fountain 
charged, left the American public at the mercy of a small group of estab-
lished, intellectually cautious scientists rather than adventurous clinicians 
who valued the therapeutic aims of research. A former dean of the Duke 
University School of Medicine testified that NIH support turned medical 
schools “into research institutes . . . creating the image that research is su-
perior to medical teaching and patient care.”13 With such an emphasis, the 
peer- review system would not foster research that placed human health as 
its top priority.

For all the consternation they had caused within NIH, Fountain’s first  
attacks had failed to gain widespread traction. However, the critique ex-
pressed at his 1967 hearings resonated with frustrations regarding peer- 
reviewed academic research in other science policy circles. As Fountain 
conducted his hearings, the Defense Department released the results of 
“Project Hindsight,” a review of its weapons research-and-development 
process since 1945. Contrary to the claims of peer- review advocates that 
basic research obviously provided practical benefits, the authors of this re-
view concluded that such benefits only appeared with the further manage-
ment of research. “It is unusual for random, disconnected fragments of 
scientific knowledge to find application rapidly,” they wrote. If the fruits 
of scientific research were to be seen on a “substantial scale in a time 
period shorter than twenty years,” scientists “must put a bigger fraction 
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of their collective, creative efforts into organizing scientific knowledge 
expressly for use by society.”14 The study’s findings caused consternation 
within the NIH, which launched its own review of the relationship be-
tween academic biomedical research and therapeutic advances.15

The inability of the NIH to deliver medical progress was all the more 
galling in light of the apparent success of other federal efforts to channel 
science toward national goals. The Manhattan Project cast a long shadow 
over cancer research, and even before it put a human on the moon in 1969, 
the National Aeronautics and Space Administration’s (NASA’s) Apollo 
Program provided an exemplar of how the government could effectively 
oversee large- scale, mission- oriented peacetime scientific research. The 
dramatic success of that program in meeting President John F. Kennedy’s 
commitment to place a person on the moon suggested that the right orga-
nizational structure could deliver seemingly impossible results on a short 
timetable.16 The outgoing director of the NIH, James Shannon, warned 
members of the American Association for the Advancement of Science 
in 1968 that academic biological researchers would need to take a broader 
view of the relationship between their individual projects and the public 
that they served. Shannon foresaw that, rather than engaging in a “chaotic 
competition” for grant funds, biologists would need to adjust themselves 
to mission- oriented research addressing the concerns of the public, “the 
people who are the consumers” of biomedical work.17

News of breakthroughs did little to alleviate these concerns. In 1967 
the Nobel Prize– winning biochemist Arthur Kornberg arrived in Wash-
ington from Stanford for what was intended to be a victory tour. His 
laboratory, with financial support from the NIH, had succeeded in cre-
ating synthetic DNA identical to that of an organism in nature, the vi-
rus Phi- X- 174. President Johnson announced this accomplishment at a 
press conference as the creation of life in a test tube. However, Kornberg 
could not make a compelling case to the congressional National Commis-
sion on Health Science and Society that his biological research advanced 
medicine, even under prompting from liberal senators. Abraham Ribicoff 
(D- CT) pressed Kornberg to affirm that his research was inspired by the 
hope of advancing human health: “Does a gentleman like you ever under-
take . . . soul- searching as to the consequences that may come from break-
throughs and achievements in this field?” After Kornberg’s noncommittal 
answer, Walter Mondale (D- MN) followed with a biting question, “Is it 
any wonder . . . that you are having financial problems?”18 Dissatisfaction 
with biologists’ commitment to open- ended inquiry for its own sake was 
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growing among the legislative backers of the biomedical settlement. No 
number of scientific discoveries would dispel this unease as long as these 
legislators felt that the NIH’s organization of scientific research did not 
reflect a commitment to human welfare.

Renegotiating the Biomedical Settlement

The plateau in appropriations for the NIH in the late 1960s matched the 
erosion of the system of alliances that Mary Lasker and her allies had 
painstakingly built in the 1950s around the biomedical settlement. Im-
portantly, Lasker and the American Cancer Society had functioned as 
the major advocates for cancer research without any grassroots support. 
Reflecting the views of its scientific and medical membership, the soci-
ety pushed for increased funding for academic research as long as it was 
funneled through the peer-review process. In 1968, however, the founda-
tions of this system evaporated. Lasker’s two crucial congressional allies, 
longtime committee chairs Senator Lister Hill (D- AL) and Representa-
tive John Fogarty (D- RI), left Congress. James Shannon, the director of 
the NIH since 1955, retired. Kenneth Endicott, the director of the Na-
tional Cancer Institute since 1960, also retired. Even worse for Lasker,  
the election of Richard Nixon ushered in a Republican administration  
ill disposed to allow a major Democratic donor such as herself the level 
of access to the inner circles of the executive branch that she had enjoyed 
during the Kennedy and Johnson administrations.19 

The impact of this political shift on support for biomedical research 
was amplified by slowing economic growth and the escalating demands 
placed on the federal budget by the War on Poverty and the Vietnam 
War. These developments heightened the difficulty of passing increases 
in domestic discretionary spending for agencies such as the NIH. Colo-
nel Luke Quinn, Lasker’s personal lobbyist in Washington, warned her 
that without the legislative shield provided by Hill and Fogarty, the ACS 
needed to take a far more active role in protecting the budget of the Na-
tional Cancer Institute. Without bringing public pressure to bear, Quinn 
warned, “we are going to find ourselves standing still or sliding backward 
in the total effort to combat cancer. This is what has been going on for the 
past three years, and it will continue to go on unless we can get the ACS 
to respond to the realities of the situation.”20

With her position in Washington undermined, Lasker developed new 
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strategies to advance cancer research and ensure the future role of the 
federal government in biomedical research writ large. She was particu-
larly drawn to the ideas of a University of Missouri pharmacologist named 
Solomon Garb, the author of Cure for Cancer: A National Goal (1968). 
Garb suggested that popular demands should outweigh expert opinion 
in shaping research policy. “In a democracy,” he maintained, “the fun-
damental decisions that affect the lives and well- being of the people are 
supposed to be based on the wishes of those people. . . . We have not 
made a determined effort to see that a fair share of our national resources 
is mobilized for a national cancer research program.” The problem, as 
Garb presented it, was that bureaucracy prevented the NCI from acting 
decisively like a mission- oriented institute such as NASA. Contrary to 
academic scientists’ common assertion that spending more money would 
not produce breakthroughs, Garb emphasized that an expanded effort 
would be able to “buy brains” for cancer research.21

Whereas Lasker had been satisfied to channel cancer research funds 
through the peer- review process, Garb attacked that system for rely-
ing on committee work that created a “diffusion of responsibility.” This 
structure accounted for “much of the inefficiency” of anticancer efforts. 
Garb suggested that a national cancer program draw upon a figure such 
as General Leslie Groves, the former leader of the Manhattan Project, 
Admiral Hyman Rickover, overseer of the navy’s nuclear reactor pro-
gram, or James Webb, the former administrator of NASA, to provide 
strong, accountable, centralized leadership.22 Garb’s arguments offered 
Lasker a blueprint for what a revitalized NCI could hope to accomplish. 
She distributed copies of his book to her circle of allies and advisers. In 
early 1969, she funded the creation of a new group, the Citizens Commit-
tee for the Conquest of Cancer, under Garb’s direction. The committee’s 
populist approach, complemented by Lasker’s Washington- based bro-
kering, began to reshape the discussion about the budget and mission of  
the NCI.23

In seeking to broaden public support for federally directed cancer re-
search, Lasker and Garb’s Citizens Committee represented a new under-
standing of the relationship between the public and the federal govern-
ment’s role in biomedical research. Until the late 1960s, public pressure 
for federal spending on biomedicine was not especially strong, reflecting 
the origins of the biomedical settlement among the nation’s political and 
professional elite. Most years, budget hearings for the NCI featured doc-
tors and scientists brought in by the ACS, who spoke on behalf of their 
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figure 7.1. In December of 1969, the Citizens Committee for the Conquest of Cancer 
printed this full- page ad in the Washington Post, with reprints in other newspapers. The Citi-
zens Committee sought to make cancer research into a national campaign, completing a set 
of changes started under Mary Lasker in the 1950s.

presumed national constituencies. Lasker and Garb’s lobbying, however, 
presented the government as the standard- bearer of anticancer efforts on 
behalf of its citizens. That approach echoed the broader rise of civil rights 
and other mass social movements that focused activism on the federal 
government rather than on intermediary actors.24 Seeking a more “grass 
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roots” face for their efforts to increase funds for cancer research, Quinn 
started to organize and coach groups of activists such as the Candle Light-
ers, an organization of parents of children with cancer, to lobby Congress 
directly.25

The Citizens Committee’s first full- page advertisement in the Wash-
ington Post at the end of 1969, “Mr. Nixon: You can cure cancer,” placed 
the onus of action on the government emphatically. The advertisement 
contained the endorsement of Sidney Farber— leading childhood chemo-
therapy researcher, longtime Lasker ally, and 1970 ACS president— who 
declared, “We are so close to a cure for cancer. We lack only the will and 
the kind of money and comprehensive planning that went into putting a 
man on the moon.” The advertisement prompted a sharp spike in corre-
spondence about cancer to the White House. Passing along a letter from a 
concerned parent, a White House press officer peevishly urged his subor-
dinate to be prompt, mentioning, “Several months ago the Press Office got 
a lot of flak when the writer, a cancer victim, died before reply was made. 
Victim this time is a small child.”26 Lasker continued to apply pressure 
in Congress, obtaining support for a resolution stating, “It is the sense of 
Congress that the conquest of cancer is a national crusade to be accom-
plished by 1976,” in time for the nation’s bicentennial. Thanks to Lasker’s 
efforts, in March of 1970, the Senate voted by a wide margin to appoint 
the Panel of Consultants for the Conquest of Cancer to realize this goal.27

The Panel of Consultants offered a new venue for shaping public dis-
cussion about the relationship between biological research and medicine. 
Its membership was seeded with those likely to endorse a turn toward 
mission- oriented research. Benno Schmidt, a close Nixon ally chosen 
as the panel’s chair, was the head of J.H. Whitney & Company, an early 
venture capital firm. Thanks to Schmidt’s leadership and reputation as 
a “gatekeeper” for questions of innovation, J.H. Whitney was poised in 
the early 1970s to move aggressively into investment in the chemical and 
computing industries, both settings where goal- oriented research rou-
tinely occurred.28  Under Schmidt’s guidance, the twenty- six members of 
the panel, thirteen doctors and scientists and thirteen laypeople, met 
several times, always behind closed doors. Schmidt delegated particular 
technical questions to the scientists and doctors on the panel, reserving 
the prerogative to frame the overall tone of the final report for himself in 
close consultation with his administrative staff, Colonel Quinn, and other 
political allies.29

Lasker and Garb intended the Panel of Consultants to produce a strong 
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endorsement for an aggressive and ambitious biomedical research effort 
against cancer. The general staff of the panel came from the Atomic Energy 
Commission, an agency with deep experience managing scientific projects. 
The panel’s consultations with the staff of the NCI were most intense with 
those, like Carl Baker, who were the greatest advocates of planning.30 With 
report writing overseen by an “aggressive systems management expert” 
named Robert Sweek, Science reported, the panel was prepared to recom-
mend that biomedical research should be given “the organization and disci-
pline necessary to achieve spectacular results in a reasonable time.”31

Molecular Biologists Confront Cancer

Throughout the spring of 1970, the Panel of Consultants solicited opin-
ions from a wide range of biologists and physicians about the best means 
of approaching cancer. This was one of the first times when molecular bi-
ologists waded into the controversial questions of how to define biomedi-
cal research and to set what its aims should be. This engagement reflected 
their efforts to translate the methods developed to study bacteria into tools 
for exploring the behavior of animal cells. After the Second World War, 
one particular group of molecular biologists, the so-called phage school, 
studied the genetics of E. coli bacteria in single- cell-tall petri- dish “lawns” 
and the viruses, or phages, that preyed upon them. This system offered 
a way to study the behavior of viruses and genes quantitatively without 
having to address the complex chemical basis of that behavior. The phage  
school, which included numerous future Nobel Prize winners, played a 
critical role in defining the research agenda of molecular biology.32

Methods pioneered in phage genetics did not easily transfer to animal 
cells. Animal cells were more vulnerable to infection and required more 
nutrients to stay alive in cultures, so their maintenance was far more ex-
pensive and challenging than growing bacteria. After considerable trial 
and error, Renato Dulbecco, a young member of one of the phage school’s 
important outposts at Caltech, determined how to grow similar lawns of 
animal cells. Dulbecco’s methods suggested that the techniques of the 
phage school could extend to exploring the behavior of animal viruses, 
especially the polio virus.33 In 1958 postdoctoral fellow Harry Rubin and 
graduate student Howard Temin at Caltech, who were mentioned briefly 
in chapter 6, used the lawns of chicken cells that Dulbecco developed to 
study the behavior of Rous Sarcoma Virus, the first known tumor virus,  
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in vitro. Whereas both phage and animal viruses killed infected cells, leav-
ing holes in lawns of living cells, cancer viruses “transformed” infected 
cells and caused them to grow rapidly, forming lumps. Rubin and Temin’s 
innovation was to count these points of rapid increase instead of holes.34

Tumor virology researchers now had a system that allowed them to 
study the genetics of transformation in terms similar to those used in 
bacteriophage study. Molecular biologists greeted this new experimental 
system with great interest. The process of cancerous transformation in 
animal cells seemed to resemble the behavior of certain mutant phage  
viruses. Upon infecting bacteria, normal phage viruses started to repro-
duce and were released when the bacterial walls burst. The mutant phage 
viruses did not appear to harm infected bacteria. Several generations 
later, however, their progeny would burst open and release phage viruses. 
The pattern of deaths in these progeny appeared to follow other inherited 
traits in bacteria, suggesting that the viral infection behaved like a genetic 
trait. French phage researchers argued that this behavior was evidence 
that the phage virus had inserted a “prophage,” a genetic version of itself, 
into the bacterial cell.35

Analogously, the transformation of healthy cells by cancer viruses sug-
gested that these viruses were inserting a gene into cells responsible for 
cancer. It offered an approach to the cancer problem at its most funda-
mental level. A founder of the phage school, MIT biologist Salvador Lu-
ria, enthusiastically greeted this new system as the avenue of “most rapid 
progress” for the analysis of “individual genetic elements in the transfor-
mation of normal cells into tumor cells.”36 James Watson, who shared the 
Nobel Prize in 1962 for his contributions to elucidating the structure of 
DNA, wrote in his landmark textbook The Molecular Biology of the Gene 
(1965) that the study of tumor viruses provided a tool for seeking the 
specific mutation that gave rise to cancer among the potentially millions 
of genes in the mammalian cell in a “straightforward, rational manner.”37 
However, optimism about tumor viruses coincided with growing aware-
ness of the expense of this future research and apprehension regarding 
the stability of future federal support.

As the War on Cancer took shape, the molecular biology community 
engaged in a two- pronged campaign targeting the federal government 
and other researchers in the biomedical sciences. On the one hand, they 
sought to convince the government of the worth of their work, and on the 
other hand, they aimed to position molecular biology as a fundamental 
basis for medical research as a whole.38 In 1969 Paul Berg, who had just 
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started work on the potentially oncogenic Simian Virus 40, wrote to a 
colleague, “I think that it’s important that agencies concerned with the 
biosciences recognize that the explosive innovations of molecular biol-
ogy and biochemistry don’t bring us to a stopping point.” He concluded,  
“If the cutback in funding is allowed to stand,” both the “present momen-
tum” and “the present generation of bright young people” would “be lost.”  
Writing to Senator Charles Mathias (R- MD), the RNA- DNA hybridiza-
tion specialist Sol Spiegelman argued, “The time has come to make a con-
certed effort to apply the information garnered from the study of E. coli 
to situations of more direct relevance to the health and welfare of man.”39 
In 1970 prominent scientists such as Berg, Watson, and Charles Yanofsky 
started lobbying the National Science Foundation to establish a program 
for the “Molecular Biology of the Human Cell.” The use of animal tumor 
viruses to explore the genetics of cellular regulation and transformation 
figured prominently in their proposal.40 If support for molecular biology 
decreased, Watson worried, a new generation of researchers might be lost 
to “a safe occupation, like clinical medicine.”41

As Watson’s dismissive comment suggests, oncologists and other phy-
sicians received the ambitious claims of these molecular biologists with  
skepticism rooted in the long- running debate over the respective roles 
of the laboratory and the clinic in medicine. A member of New York 
Medical College inveighed against cancer research by biologists “who 
would not know human cancer if they had it.”42 Other authorities as-
serted that the interdisciplinary nature of cancer research demanded 
new organizational forms. Frank Horsfall, the outgoing director of the 
Sloan- Kettering Institute, wrote that laboratory and clinical research 
represented “a continuum” directed at the common aim of curing can-
cer. “More often than not,” Horsfall argued, “the history of significant 
achievements in biomedical research tends to show . . . that laboratory 
studies of models of human diseases . . . provide springboards” for thera-
peutic discoveries. “More money will not lead to more effective and fruit-
ful cancer research, unless it is accompanied by an excellent ‘general staff’ 
to plan and supervise the expenditure of funds,” concluded Albert Sa-
bin, the developer of the oral polio vaccine. Despite the role he played 
in developing methods for studying animal tumor viruses, Harry Rubin 
dismissed the possibility that virus research would yield major break-
throughs for human cancer. Instead, he urged, the panel should seek to 
understand cancer through studies of environment and health, which 
viewed the disease as a “biological process which reflects the lifetime of 
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the individual.”43 While molecular biologists were not the only group of 
scientific experts lobbying the panel on how to approach cancer, as a new 
community within biomedicine they had the most to lose or gain from its  
recommendations.

Passing the National Cancer Act

The Panel of Consultants’ report, released in December of 1970, whole-
heartedly endorsed the organization of a major anticancer campaign. Of 
the 200 million Americans alive, its preamble stated, 50 million could ex-
pect to be diagnosed with cancer, and 35 million could expect to die of the 
disease. Against these numbers, current spending on cancer research was 
“grossly inadequate.” For every 125 dollars spent on the Vietnam War, or 
19 dollars spent on NASA, just 89 cents were spent on cancer research. 
While uncertainty about the biological nature of cancer remained, the 
report summarized, “A national program for the conquest of cancer is 
now essential if we are to exploit effectively the great advances which are 
presented” in scientific understanding of cancer. It recommended, rather 
than continuing to fund cancer research within the bureaucracy of the  
NIH, that a “systematic attack” on cancer be mounted through the cre-
ation of a NASA- like “National Cancer Authority.” The proposed office 
would have wide- ranging powers to accomplish its mission of “conquering 
cancer.” It would be able to issue contracts for research, mass- produce 
biological materials such as viruses and cells, and take “such actions as 
may be required for the accomplishment of the mission.”44

The report further elevated the political profile of cancer research. Al-
though Lasker and her allies had been at pains to present cancer research 
as a matter of national interest rather than partisan politics, her campaign 
had advanced largely through the efforts of Democratic legislators. Sena-
tor Ralph Yarborough (D- TX) had introduced the resolution calling for 
the Panel of Consultants, and he now quickly submitted legislation seek-
ing to implement the panel’s recommendations. Yarborough left office in 
January of 1971, and in his place, Edward M. Kennedy, recently reelected 
as a senator from Massachusetts, emerged as the Democratic Party’s new 
standard- bearer for health policy.45 Kennedy’s visibility and presidential 
ambitions drew the consternation of the Nixon Administration, which un-
til this time had not displayed interest in Lasker’s effort.46

Demonstrating his predilection for denying his Democratic opponents 
political issues rather than adhering to a conservative ideological agenda, 
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an instinct that had already led him to back the creation of the Environ-
mental Protection Agency and federal affirmative action programs, Nixon 
offered his own cancer bill to implement the panel’s recommendations. In 
doing so, he hoped to deflect criticism for his actions in Vietnam and Cam-
bodia and to deny Kennedy, considered a likely presidential challenger in 
1972, a signature issue. Before the Senate could vote on the proposed “Na-
tional Cancer Authority,” Nixon announced in his January 1971 State of 
the Union Address that he would demand an additional $100 million for 
the NCI’s research efforts, a prelude to the creation of a new “Cure- Cancer 
Program” with an independent budget and a direct line to the Oval Office.47 
The time had come, Nixon said, “to put our money where our hopes are.”48

Few could dispute the rhetorical force of the reinvigorated, centralized 
system for cancer research promised by the new Cancer Authority. Schmidt, 
in his public remarks, offered a vigorous endorsement of Nixon’s proposal 
to manage biomedical research. He anticipated claims that “the analogy be-
tween splitting the atom or the space program” and cancer research “is not 
valid because we do not have the basic scientific knowledge in cancer that 
we had in those fields.” Echoing Baker’s administrative approach to cancer 
viruses, he retorted, “The valid analogy is not the scientific analogy but the 
organizational analogy. The cancer program, in order to succeed, needs the 
same independence in management, planning, budget presentation, and the 
assessment of progress that those programs needed.”49

Established biomedical researchers recoiled from this reorganization. 
In a rare editorial, Cancer Research, the flagship journal of the American 
Association for Cancer Research, asserted that “thoughtful researchers 
feel that the setting of a date for the cure of cancer, even by implication, 
would be an act of reckless irresponsibility. . . . A highly structured pro-
gram . . . will be viewed with suspicion by many who feel that the all- 
important pioneering exploratory investigations would suffer thereby.”50 
Opponents of the new organization, which included the surgeon general, 
emphasized that “biomedicine is a vastly complex and interdependent” 
enterprise whose various components were “not easily separated concep-
tually or programmatically.” Privileging cancer research would “distort 
the flow of personnel into other areas of biomedicine.”51 A representative 
of the American Society of Biological Chemists feared that spending on 
cancer would undermine the future of biomedicine because “some indi-
viduals will be tempted, particularly if a tight time schedule is imposed on 
the cancer attack program, to shift the emphasis to short- term gains that 
may offer only the slightest hope of success and provide little real under-
standing of the fundamental problems of cancer.”52
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If one only reads the record of hearings in the Senate, critics of the 
Cancer Authority appear far better represented than its supporters. The 
witnesses presented a sharp critique of the assumption that biomedical 
research could be directed toward particular aims. If the horizons of bio-
logical knowledge about cancer had been set as the limits of state inter-
vention, this would have posed an insoluble obstacle. However, Lasker 
and her allies were more than equal to the task of countering this cri-
tique. Lasker deepened her cooperation with Garb to mobilize grass-
roots support for the Cancer Authority. Famously, she prevailed upon her 
friend Ann Landers, a nationally syndicated advice columnist, to initiate 
a letter- writing campaign on behalf of the bill. The resulting outpouring 
of letters, as many as 1 million, inundated the Senate mailroom. With this 
pressure, the Senate moved rapidly, passing legislation at the end of June 
1971 to create the National Cancer Authority by a resounding vote of 
79- 1.53 Over the summer, debate shifted to the House of Representatives, 
where the pace of the legislation’s advance slowed and opponents of the 
Cancer Authority hoped to halt its progress.

Cancer Viruses and the Management of Biomedical Research

Even as heated discussion raged over the merits of the Cancer Authority, 
it remained unclear what new management techniques would be brought 
to bear on cancer research. Cancer viruses were at the center of this de-
bate because of their exceptional experimental promise and their preex-
isting association with the National Cancer Institute’s efforts to manage 
research. If any one individual embodied the ambitions of the vaccination 
program and the idea of mission- oriented research it represented, it was 
Huebner, who as the head of the Special Virus Cancer Program’s Solid 
Tumor Virus segment was already a leading member of the NCI’s mana-
gerial team.

Huebner worried that budget cuts would curtail the NCI’s ability to pur-
sue the “exciting findings” in cancer virus research.54 The success of the 
basic biomedical sciences until the late 1960s, he explained to a reporter 
from Parade magazine, had been due to the “strong support of a small 
number of intelligent” legislators, who had not been assisted by “a ground- 
swell of support from the generality of biomedical institutions, scientists, 
educators, or practitioners.” The solution to the problems that biomedical 
research faced was in its further embrace of big science, even if that ran 
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figure 7.2. George Todaro, Robert Huebner’s collaborator at the SVCP, explains the onco-
gene theory for the readers of Medical World News in the lead- up to the passage of the Na-
tional Cancer Act in 1971. Photograph by George Tames. Image courtesy of Houston Acad-
emy of Medicine– Texas Medical Center, John P. McGovern Historical Research Collections, 
used by permission of the estate of George Tames.

against the grain of expert medical and scientific opinion. He accused those 
experts of being “traditionalists,” with “little confidence in large- scale ‘big’ 
science.’ ”55 More management, not less, appeared to be the way forward.

In 1970 and 1971, virus research appeared to provide numerous exam ples 
of the wisdom of Huebner’s approach. His proposal of the viral onco gene 
theory and the discovery of reverse transcriptase, discussed in chapter 6, 
appeared to rebut one of the major critiques of managed research: that 
cancer remained too mysterious to study on a timetable. The biological 
mysteries of cancer were far more amenable to resolution than biologists 
would admit, a point that Huebner and his colleague George Todaro drew 
out at a National Academy of Science symposium dedicated to planning 
the future of cancer research.56 Other discoveries in cancer virus research 
emerging from the SVCP underlined the necessity and potential of large- 
sale research. In the summer of 1971, as the House debated the Cancer 
Authority, a team of SVCP- supported researchers at Houston’s MD An-
derson Hospital and Tumor Institute, led by Leon Dmochowski, a long-
time hunter of cancer viruses with the electron microscope, announced 
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that they had isolated and cultivated an RNA virus from a child’s tumor. 
The Los Angeles Times greeted the discovery as a “step towards vacci-
nation.”57 The Wall Street Journal noted that while “discovery of human 
cancer viruses has become almost a ‘Holy Grail’ ” for cancer research, the 
Texas researchers’ discovery might allow the development of a vaccine in 
the “distant future.”58

Reports of these advances drew attention to the scale and resources 
that future work would entail. The Houston Chronicle reported that veri-
fication of the observations would cost $1 million and “require skimming 
7,500 gallons of fluid off growing human cancer cells.” Spiegelman argued 
that if a central facility could supply viruses to overcome the bottleneck 
of production in individual laboratories, the amount of cancer virus re-
search could be “increased overnight by a factor of 50.” Even a molecular 
biologist such as Berg conceded that there was need for “central facili-
ties which provide resources to many laboratories” and speculated that 
“other ‘big science’ facilities could be envisaged.”59

As the House approached its vote on the National Cancer Authority in 
the fall of 1971, interest in potential human cancer viruses reached a fever 
pitch. In a rare move, investigators broke prepublication embargos for 
their articles at Nature and the Journal of the National Cancer Institute to 
announce the discovery of other possible human cancer viruses. The NCI 
considered establishing a separate journal dedicated to the rapid publica-
tion of cancer virus research.60 This rush of publicity obscured more nega-
tive results, such as the rebuttal of Dmochowski’s claim by Huebner and 
other researchers at the NCI. Huebner claimed, correctly, that the MD 
Anderson group had identified a mouse cancer virus that had contami-
nated their cultures of human cells.61

The climate of anticipation surrounding the discovery of a human can-
cer virus also resulted in public missteps that revived earlier twentieth- 
century concerns for professional probity and restraint. Spiegelman felt 
that his laboratory was drawing close to developing a diagnostic test for 
the presence of human breast cancer viruses in breast milk.62 At a press 
conference at the National Academy of Sciences in October 1971, two of 
the most prominent scientist advocates for the SVCP, Huebner and Spie-
gelman, discussed advances in DNA- RNA hybridization for cancer virus 
research. Huebner himself asked Spiegelman whether he thought “this  
might be the place for a cancer vaccine.” Spiegelman downplayed the idea. 
However, his subsequent comments on the high incidence of “B- type” 
 viruses in the milk of women with family histories of breast cancer sug-
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gested otherwise. In the exchange that followed, Spiegelman was asked 
whether this meant that mothers with a family history of breast cancer 
should not nurse their children, which Spiegelman affirmed and then 
denied (this was a common question extending back to Ludwik Gross’s 
theory of vertical transmission).63 Fortunately, Science reported, the 
“restraints that govern[ed] the relationship between scientists and the 
 scientific press” prevented Spiegelman’s comments from creating a full- 
blown “scare.”64

Critics folded the failure of virus research advocates to maintain an ap-
propriate, restrained persona when speaking to the public about cancer 
into their critique of the theory itself. Shortly before the House voted on 
the Cancer Authority in December 1971, Nicholas Wade, a reporter for 
Science, used humor to remind his readers how respectable scientists were 
supposed to deal with the press, recalling criticism of William Gye for an-
nouncing his observation of viruses in a newspaper back in the 1920s. In 
a clear reference to Spiegelman’s difficulties at the National Academy of 
Sciences, Wade published a mock transcript of a press conference from 
the “Center for Duplicative Results” by “Professor Wangonband,” who 
announced that “five separate research teams under contract to this insti-
tute” had isolated the “so- called nobelitis virus” first isolated by “Dr. Me-
dea Courter.” At the end of the conference, the source of the “nobelitis” 
virus was revealed to be the brain of Wagonband himself. The wordplay 
in Wade’s article— portraying a status- seeking researcher following the  
cancer virus bandwagon and engaging in second- rate research for the pur-
poses of media celebrity— encapsulated many of the attacks that academic 
biologists leveled at cancer virus research: its emphasis on speed, the sense 
that its advocates lacked the respect of their academic peers, and the will-
ingness of representatives of the SVCP to foster public hopes for a break-
through against cancer.65 However, these academic researchers no longer 
controlled the machinery of cancer policy. Despite staunch opposition to  
the National Cancer Act by supporters of the peer- review system, the House  
passed a version of the bill on December 10, 1971— just as Wade’s satire 
came to press.66

A Watershed Moment for the Biomedical Settlement

Nixon signed the National Cancer Act into law on December 23, 1971. 
The annual budget for the NCI quadrupled in the following two years, 
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and it gained the authority to issue research contracts without the su-
pervision of the NIH. While allies of academic biomedical research had 
succeeded in keeping the NCI within the NIH, the director of the rein-
vigorated NCI reported directly to the president, indicating the status of 
cancer as the preeminent issue for federal biomedical research policy. The 
newly formed National Cancer Advisory Board, whose members were ap-
pointed by the president, replaced the National Advisory Cancer Council, 
whose members had been determined by the cancer research community. 
Above the new board, a triumvirate— the President’s Cancer Panel— 
oversaw the creation of the National Cancer Program Plan. Carl Baker, 
the acting director of the NCI, used the National Cancer Program Plan as 
an opportunity to realize his long- standing ambition to create systems for 
the management of biomedical research. Of all the administrators at the 
NCI, he had remained in closest contact with the Panel of Consultants as 
it had drawn up plans for the Cancer Authority.67

The start of the War on Cancer in 1972 portended a realignment in 
the biomedical settlement as a whole. While Baker had taken exception 
to the Panel of Consultants’ assertion that the NCI had no coherent or-
ganizational plan for research, he was ready to use the authority and re-
sources granted to him to expand efforts to control biomedical research 
and development. The SVCP, reorganized as the Virus Cancer Program 
(VCP), provided a template for this larger effort. For Baker and his suc-
cessors at the NCI, the VCP demonstrated the dynamic possibilities of 
managing biological research, especially the exciting findings surrounding 
Huebner’s oncogene theory. This research approach rejected the conten-
tions of molecular biologists that cancer was too complex a disease to cure 
and that the purity of biological research should not be subordinated to 
therapeutic priorities. Now, Baker had the resources and the administra-
tive structures to make this new vision of biomedical research a reality.

For the molecular biologists whose institutional and intellectual fates 
were so closely tied to the NCI, however, the VCP presented an existen-
tial threat to their identity as creative, independent seekers of knowledge. 
The shift in their research to animal cells and the proposed changes in 
the biomedical settlement had awakened molecular biologists to their 
collective interests in relation to the federal government. But they had 
been unable to protect these interests in the face of popular enthusi-
asm for mission- oriented research. The emerging conflict between these 
two groups showed how apparently separate claims about the biologi-
cal complexity of cancer, on the one hand, and the appropriate means 
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of managing biomedical research, on the other, were in fact two aspects 
of a single debate regarding what future system of biomedical research 
the War on Cancer would endorse. In this debate, the VCP’s contracting 
process became the focal point of a campaign by the molecular biology 
community to stall and then thwart the further expansion of the govern-
ment into biomedical research as a whole.
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Molecular Biology’s Resistance  
to the War on Cancer

In March 1975, James Watson, molecular biology’s ubiquitous ambas-
sador during the War on Cancer, rose to speak at the dedication of 

the Seeley G. Mudd Building, built to house MIT’s new federally funded 
Center for Cancer Research. The center, one of several throughout the 
country that the National Cancer Institute sponsored, was to pursue ap-
proaches to cancer drawn from molecular biology.1 One might expect 
that this moment would provide an opportunity for Watson to celebrate 
the potential benefits of cancer studies at the molecular level. The NCI 
already extended similar support to Cold Spring Harbor Laboratory, a 
center of molecular biology under Watson’s leadership. Instead, he char-
acterized most cancer research as “an intellectual graveyard.” Molecular 
biology and the “non- clinical based academic community” deserved more 
support than cancer research focused on humans. Just as for the War on 
Poverty, Watson continued, it was time to question whether the objectives 
of the War on Cancer were reasonable. Although the rewards of “per-
petual enthusiasm” for a cure might be “piles of soft money,” this effort 
entailed the sacrifice of the “integrity” of molecular inquiries into the cell. 
“If we rise and fall as to whether a human cancer virus can be isolated in 
a vaccine . . . then we are in trouble and the whole community is in deep 
trouble.”2

Watson’s comments suggest that the national declaration of the War 
on Cancer was the starting point for major changes in molecular biol-
ogy and medicine rather than the conclusion. The passage of the National 
Cancer Act in 1971 ignited conflicts over the organization of biomedi-
cal research that smoldered throughout the 1970s. The fate of efforts to 
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manage cancer virus research, in particular, illustrates a phenomenon 
commonly observed by scholars of American political history but often  
neglected by historians of science and medicine: the success or frustration 
of government intervention reflected not only the aims of legislators or ad-
ministrators but also the will of the populations targeted by new policies. 
The targets of a state program could use its mechanisms for ends unan-
ticipated by its framers.3 However, unlike intervention in other spheres of 
American social and economic life, federal intervention in cancer research 
stands out in that the populations that were the object of intervention— 
biomedical researchers and other cancer specialists— were also the groups 
the federal government looked to as experts on the cancer problem. The 
politics of cancer research was inseparable from questions about the na-
ture of cancer at a biological level.

As a result of this unique position, molecular biologists developed a 
collective political interest in shaping the definition of biological research 
into cancer as a means of defending the future of their discipline.4 Bi-
ologists, clinicians, and cancer research administrators pursued their con-
flicts not only through legislative advocacy or public testimony, but also 
through the shaping of political and scientific cultures for biomedical re-
search that conferred (or denied) legitimacy to the government to direct 
the labors of their professional communities.5 In particular, appeals to 
the unpredictability of scientific research and the mystery of cancer were 
a vital element of seeking to affirm the system of grant- based research 
administered by the National Institutes of Health, which preserved the 
status of scientists as independent, creative investigators and, at the same 
time, dissuaded efforts to plan or manage biomedical research through 
contracts, which jeopardized this sense of autonomy.

The practice of managing the War on Cancer highlights the degree to 
which the implementation of state policies hinges on individual exper-
tise and communal knowledge. Specifically, molecular biologists identi-
fied ways to use their position within the governance mechanisms of the 
War on Cancer to limit the extension of the state into their laboratories 
and their professional lives. Cancer virus studies, with their close links 
to the expansion of molecular biology and the biomedical management 
theories of Carl Baker and others at the NCI, were a crucible for these 
efforts. At first, molecular biologists offered themselves as experts on 
biomedicine. They presented authoritative opinions on the nature of 
cancer that might guide the government’s effort, arguing specifically that 
cancer was too complex to cure. Finding, however, that legislators and 
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administrators were unwilling to accept such claims, molecular biologists 
turned to protest and activism outside the government. If they could not 
deny public calls that they fulfill the advances in human welfare prom-
ised by the biomedical settlement, they would turn back government in-
tervention through guerrilla resistance, denying the NCI the consent that 
it needed to extend its management efforts to molecular biology. They 
quickly learned that working the levers of bureaucracy was the most effec-
tive means for furthering this goal. This campaign was especially evident 
in the creation and discussion of “The Zinder Report,” a document that 
helped to stall and then reverse the government’s effort to manage cancer  
research.

The Identity of Molecular Biology

Responding to the public sense that cancer virus research was ripe for 
acceleration, a view articulated by Robert Huebner and Benno Schmidt, 
supporters of the autonomy of biology at first sought to show that viruses 
provided evidence for a more holistic and much less mission- oriented ap-
proach by government to biomedical research. James Watson emerged as  
a visible and incisive spokesperson for this group. Watson had spent the  
early 1960s fighting to establish molecular biology within the Harvard De-
partment of Biology, and in 1968 he also accepted the directorship of the 
Cold Spring Harbor Laboratory for Experimental Biology, established 
in the early twentieth century for the experimental study of heredity— a 
study it pursued alongside the neighboring Eugenics Record Office. 
Watson’s first act was to focus the laboratory on cancer viruses, DNA tu-
mor viruses in particular, a reorientation that reflected his own intellec-
tual agenda as much as an effort to buttress the laboratory’s precarious 
financial health by attracting the abundant funds designated for cancer 
research.6

Poised between a need for government support and a fear of popular 
demands for accountability, Watson articulated a framing of the cancer 
problem that other advocates of basic research also adopted. For Watson, 
pursuing a biological understanding of cancer might be important, but 
aiming to gain therapeutic payoffs from this research in the short term was 
foolhardy. He asserted, “Most people who have been very sincerely work-
ing on cancer think that in the short- term the problem is insoluble,” and 
he warned that an emphasis on curing disease created a lopsided pattern 
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of support for biology. The interest in research directed toward cancer 
cures, Watson claimed, would sustain poor- quality scientific research in 
one area “even when many other branches of science” were “being cut 
back to the point that their survival as first rate efforts is coming into ques-
tion.” He argued that studying the molecular mechanisms of carcinogene-
sis might yield more progress than focusing on cures.7 This two- part claim, 
deflating expectations while offering the potential therapeutic payoff of 
molecular advances in the distant future, aimed to create the space for 
molecular biology to grow without popular intrusion.

The biological mystery and complexity of cancer often served as a 
reason to reject research management. Fresh from participating in the 
large antiwar protests that roiled Cambridge in the summer of 1971, MIT 
professor David Baltimore, a future Nobel Prize winner for his codiscov-
ery, with Howard Temin, of reverse transcriptase, testified to the House 
of Representatives, “In general, cancers are still a mystery.” To make 
progress, Baltimore argued, “broad based” research was necessary. Bal-
timore reminded the representatives that he had not been drawn to his 
pathbreaking work “because of a direct interest in cancer.” His work on 
reverse transcriptase had arisen out of his interest in the polio virus and 
had been supported by the National Institute of Allergy and Infectious 
Diseases. He maintained that many of the successes of cancer virus re-
search could have been achieved through grants and peer review rather 
than “being decided administratively.”8 Baltimore omitted from his testi-
mony his own involvement with the Special Virus Cancer Program, which 
had furnished him with large quantities of mouse mammary tumor virus 
from its stockpiles so that he could isolate reverse transcriptase after his 
initial observations in a different virus.9 Indeed, this omission was sug-
gestive of the way molecular biologists minimized certain details of their 
field’s growth to emphasize their individual independence rather than the 
contributions of infrastructure.

Shortly before the House of Representatives voted on the National 
Cancer Act in December 1971, Science published a long report on the 
SVCP, which speculated that the program would provide a template for 
future efforts to manage cancer research. The anonymous sources quoted 
in the article lambasted the management of cancer virus research at the 
NCI. Research had “no intellectual base,” and “several biologists” were 
critical of the “moonshot- style approach of the program. . . . The em-
phasis on finding a human cancer virus is regarded as a political goal.” 
Control over money exercised by the program was galling. The principal 
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officers of the SVCP held “too much power,” lacking the “checks and bal-
ances” that governed other research programs. Outside scientists had an 
after- the- fact role in the approval of contracts. This focus would not im-
prove understanding of the “fundamental aspects of cancer and cell biol-
ogy.” Many biologists,” the article concluded, “believe a longer- term view 
is necessary.”10 Although Watson and other molecular biologists might 
argue that the idea of managing cancer research was premature, they were 
unable to halt the passage of the National Cancer Act.

Managing Viruses during the War on Cancer

Following the passage of the National Cancer Act, Carl Baker and his 
staff at the NCI were ready for the managerial demands of the War on 
Cancer. Cancer viruses provided a template for imagining what the man-
agement of cancer research might look like. In Baker’s view, the NCI had 
“pioneered” the modification of management techniques and systems 
analysis to biomedical research programs. Through the design of the 
SVCP, the NCI developed a cadre of personnel able to show adaptabil-
ity and speed in cancer research. Baker envisioned a system of manage-
ment very different from peer review: “ Detailed decision making and re-
view must be decentralized, while major decision making and allocation of 
blocks of resources remain centralized. For these reasons and to insure the 
best use of our cancer R&D [research and development] managers, much 
of the work will need to be carried out through a system of lead con tractors  
who will manage segments of the programs, including major subcontract-
ing efforts.”11 Research planning could be a heady experience. Louis 
Carrese, Baker’s lieutenant, focused on the creative flow of the process. 
Groups participated in sessions that went on “for three to four weeks, un-
interrupted, 10– 14 hours a day.” It was best if the team was “released en-
tirely from their regular duties” as they mapped new research pathways.12  
Even before the passage of the act, the NCI gathered hundreds of cancer 
researchers in northern Virginia to identify leads for immediate pursuit.13 
Some of these leads provided the basis for the expanded version of the 
SVCP, the Virus Cancer Program (VCP).

To accommodate the rapidly growing need for research space, the  
VCP also established laboratories in the facilities of several private con-
tractors near the NCI headquarters in Bethesda. By 1976 VCP project 
officers worked at Meloy Laboratories, Microbiological Associates, Flow 
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Laboratories, and others in the Maryland and Virginia area.14 Contract 
work presaged the redistribution of resources at the NCI. Whereas uni-
versities were the leading recipients of grants, commercial contractors 
were among the top recipients of contracts from the NCI.15 While the VCP 
oversaw contracts that went to academic researchers, its mixture of com-
mercial and academic contractors became a prominent feature of cancer 
virus research.16 The NCI advertised contracts in the Commerce Business 
Daily, a publication for the burgeoning industry of government contrac-
tors, rather than in academic publications such as Science, heightening 
the impression that academic research might be displaced by commer-
cial providers.17 These individual groups were brought together by a new 
system of meetings established by the VCP in Hershey, Pennsylvania— 
suggesting that a new community of researchers might supplant academic 
molecular biologists in cancer virology.18 A prominent example of this new  
approach was the conversion of the Fort Detrick biological warfare labora-
tory into the Frederick Cancer Research Facility.19

The use of private contractors accountable to the executive branch 
to “hollow out” government bureaucracies, as the VCP did, appealed to  
Nixon’s desire to wrest control over domestic policy from established inter-
est groups within the federal government.20 After his reelection in 1972, 
Nixon turned his attention to scientific research. The staff of the Depart-
ment of Health, Education, and Welfare (HEW), which contained the NIH,  
was one of his first targets.21 He requested the resignation of two thousand 
HEW employees. He contemplated appointing a new White House science 
adviser to subsume both the Office of Science and Technology and the 
National Science Foundation. In April 1973, the Office of Management 
and Budget proposed that the system of peer review at the NIH might be 
entirely removed and replaced by a contracting system.22

For concerned academic biologists, Nixon’s changes portended a struc-
tural shift in how the federal government supported biomedical research. 
The White House’s proposed 1974 budget for the NIH failed to fund most 
activities at a rate sufficient to keep pace with inflation, but it raised fund-
ing for contracts at a rate three times as fast as that of traditional research 
grants. For one speaker at the Federation of American Societies for Ex-
perimental Biology’s annual meeting, these trends suggested the begin-
nings of a reorientation of federal support from universities to private or-
ganizations. Contracts were turning the area around Bethesda’s highway 
route 70S into a “biological route 128,” a pejorative reference to the dense 
concentration of engineering defense contractors outside of Boston. The 

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



172 chapter eight

use of research-and-development contracts, this researcher continued, 
might succeed in “shifting the allegiances” of scientists who depended on 
federal funds and undermining their “commitment to patient, systematic, 
and often frustrated discovery- oriented basic research.” Yet stemming this  
tide seemed beyond the power of the scientific community. When the Feder-
ation, a self- fashioned voice of biomedical researchers, called for national  
protest, it elicited just 503 letters.23

Molecular Biology’s Antiwar Moment

In 1973, the future of the American biomedical research community ap-
peared to hang in the balance. While that community had benefited from 
the biomedical settlement, it lacked the capacity to define its political con-
tours. Biomedical researchers struggled to translate their fears into the 
language of politics, ironically resorting to the specter of socialist central-
ization to resist the actions of a president whose political reputation had  
been built on anticommunism. A biochemistry professor from Case West-
ern Reserve University warned Mary Lasker that Nixon’s planned con-
solidation of power represented a dark turn toward a “European pattern” 
of centralization that would extinguish the innovation associated with 
the “democratic diffusion of support” in America.24 Another biochem-
ist bemoaned that public demands for “mission- oriented research” over-
whelmed the organizational capacity of the biomedical community. Gov-
ernment efforts to impose such a structure would result in “extremes of 
excess control.”25 The White House was not sympathetic, maintaining that 
an “excess of qualified manpower” obviated the need for a broad base of 
biomedical research. It was time for these researchers to start their “tran-
sition away from Federal dependency.”26 However, an economic reces-
sion in the early 1970s undermined other sources of support for academic 
research and magnified the implications of the Nixon Administration’s 
changes in the NIH budget.27

Yet academic researchers were too few in number and too concentrated 
in particular parts of the country to launch a broad- based campaign of op-
position, as physicians had done against President Truman’s plan for na-
tional health insurance in the late 1940s.28 The desultory response to the 
call of the Federation of American Societies for Experimental Biology for 
protest underscored this point. To shape federal policy, this community 
would need to find new means of influence. The debates ignited by the 
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Nixon Administration’s actions gave new urgency to the reauthorization 
of the National Cancer Act in 1974. Even as the War on Cancer ampli-
fied the administration’s command and control ethos, it created new ave-
nues for molecular biologists to resist centralization. Molecular biologists 
grasped that their protests— lodged from outside the planning machinery 
of the War on Cancer— had thus far not achieved their aims. However, 
these protests generated a few new opportunities for resistance. Watson 
was invited to join the National Cancer Advisory Board in 1972. From this 
post, he was able to give force to the rising tide of molecular biologists’ 
criticism directed at the NCI.29

Molecular biologists assumed a leading role in shaping the tone and  
focus of the academic biomedical community’s response to the NCI. Wat-
son conceded that biomedical research had to reckon with new organiza-
tional realities. The future resembled the state of physics: “large collective 
teams” that drew on budgets of millions of dollars and appreciated that 
“biology now runs fast.” Echoing anticommunist critiques, Watson cau-
tioned that these new organizations should not be expected to achieve a 
“great leap forward.”30 Charging that Nixon’s health policy evoked “the 
image of the political commissar for the first time in American history,” he 
urged “university scientists” and “intelligent men” to band together to ad-
vance and shape “high powered cancer research” focused on cellular and 
molecular biology.31 Watson disparaged officials in the administration as 
“political hacks . . . block[ing] the import of new scientific blood into the 
National Cancer Program.”32 Pivoting to critics of the Vietnam War, Wat-
son rejected the government’s wish for “instant victory.”33 What united 
the pastiche of political metaphors in Watson’s statements was hostility to 
the idea that the work of individual molecular biologists might be subor-
dinated to administrative supervision by the NCI.

For both molecular biologists and the NCI, virus research provided 
a central stage for defining the legitimacy of the War on Cancer. Bak-
er’s sharp personality and blunt confidence in his own opinions had not 
proved to be popular with other members of the anticancer alliance, and  
his tenure as NCI director was brief.34 He was replaced in 1972 by Frank 
Rauscher, a mouse virologist and an alumnus of the Special Virus Leuke-
mia Program, the predecessor of the VCP. Rauscher wearily noted that 
most of the criticism he received about the National Cancer Plan con-
cerned virus research and that he would need to allow the National Can-
cer Advisory Board to appoint another review committee. “Get all your 
ducks in a line,” Rauscher urged the director of the VCP.35 While this move  
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appeared to satisfy the board’s demand, Rauscher knew that as director 
he retained ultimate discretion over the committee’s findings, a fact that 
was particularly important since he expected harsh judgment from the 
committee.36

As a member of the National Cancer Advisory Board, Watson could 
not sit on the review committee, but he put forward Norton Zinder, a 
highly respected phage researcher who had discovered the phenomenon 
of bacterial transduction, to take his place. A professor at Rockefeller 
University, Zinder was well poised to defend molecular biology’s interest  
in fundamental research. He had earned the National Academy of Sci-
ence Award in Molecular Biology in 1966 and was one of a handful of mo-
lecular biologists— including Watson and Joshua Lederberg— who had 
started to appear as the public face of molecular biology in broader de-
bates over medicine and biological warfare. Zinder also possessed a repu-
tation for being “outspoken,” iconoclastic, and “brutally frank”— traits 
that made him well suited to deliver a strong critique of government man-
agement efforts.37 Zinder was keenly aware of the political importance 
of his mission. As the leader of the review, he aimed to reduce contracts 
while ensuring that the money devoted to cancer research would remain 
undiminished and under the direction of peer review. “Should I succeed,” 
he wrote to himself, “it will be a contribution to science probably bigger 
than any other I can make.”38

In the summer of 1973, the deliberations of the “Zinder Committee” 
provided a revealing window into how the culture of molecular biology 
became bound up with opposition to the legitimacy of state management. 
At the opening meeting of the committee, on June 8, Zinder noted that 
the committee’s questions about government competence were all the 
more sensitive in light of the unfolding Watergate scandal.39 The commit-
tee should counter the administration’s assumption that grants “permit  
indolence,” one member proposed.40 The committee’s report would de-
fend the utility of “basic research” while avoiding the sense that it flouted 
the “accountability” associated with contract research.41 The committee was 
especially vexed by Robert Huebner’s hybrid status as a scientist- man ager.  
After his role in advocating for the National Cancer Act, Huebner played 
a major part in the VCP, both as a scientific worker and as a con tract ad-
ministrator, embodying the merger of science and administration that the 
VCP sought.42

On one hand, Huebner appeared to have far more control in determin-
ing who would get contracts than any one individual would have held in 
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figure 8.1. James Watson (left) and Norton Zinder in 1974. Both of these men emerged as 
spokes- scientists for the molecular biology community in the 1970s. Watson served on the 
National Cancer Advisory Board and Zinder oversaw a report critical of the Virus Cancer 
Program. Watson in particular was an advocate of “first rate” molecular biology at the ex-
pense of clinical approaches to cancer. Image courtesy of Cold Spring Harbor Laboratory.

the usual system of peer review. A biochemist told the committee that 
while working with Huebner, “We vote but that does not necessarily 
mean that the vote you are taking is in any way going to influence” the fi-
nal decision.43  On the other hand, the experience of working on a contract 
did not seem as constricting as critics feared. Robert Gallo, who later be-
came one of the first to identify the human immunodeficiency virus after 
working to find human leukemia viruses, maintained, “The contract does 
not state very clearly what [one] is supposed to do. . . . I think it can work 
with established persons, just like the grant mechanism.” Wallace Rowe, 
an adviser to the VCP, sharply criticized the effort to separate administra-
tion from research: “This is the whole function of Huebner’s group. You 
are saying get rid of Huebner? You would if you put this into effect. What 
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you are saying is that someone with a scientific career should not also be 
in a position of administering large amounts of money.”44

The committee’s report, presented by Zinder in March 1974, high-
lighted the threat posed by contract research to the autonomy of molec-
ular biology. The VCP “overshadowed” other areas of research. It had 
the ability to shape its chosen areas of cancer virus studies without re-
course to peer review, spending $42 million on 131 contracts, while the 
rest of the NIH spent just $58 million on more than 2,000 peer- reviewed 
grants in cancer virology. Sensing that it would be unwise to challenge 
the therapeutic ambitions of mission- oriented research directly, Zinder 
sought to co- opt and repurpose the very ideas and language that had been 
used to advance contracts at the expense of peer- reviewed research in the 
1960s. Rather than providing a unified approach to cancer research, the 
report maintained, contracts had splintered into “disparate elements.” 
Administrator- researchers were consumed by conflicts of interest. The 
VCP itself was “overblown,” “redundant,” and had “high- cost relative to 
yield”— echoing the charges leveled at peer review a decade earlier.45 Peer 
review, in contrast, provided responsive control from expert scientists rather 
than uninformed VCP officers.46 Zinder endorsed gutting the contracting 
apparatus of the VCP and diverting its budget to grants.47

Later accounts claim the Zinder Committee’s report as a decisive blow 
against the VCP, but its immediate impact was modest. Rauscher’s bu-
reaucratic acumen forestalled the implementation of its recommenda-
tions. Although it was presented to the National Cancer Advisory Board, 
the NCI never officially published the document. The subsequent analy-
sis of the subcommittee of the National Advisory Cancer Board charged 
with recommending changes in the VCP based on the report did not en-
dorse reducing the number of contracts or shifting the VCP’s focus away 
from human cancer viruses.48 One of the three members of this subcom-
mittee, Howard Skipper, a chemotherapy expert, leveled biting criticism 
at the Zinder Committee, charging that it “did not spend any time look-
ing (in depth) at the scientific and/or pragmatic progress, or lack of prog-
ress of the VCP. . . . This is the critical issue, not who they like or don’t 
like, or who has responsibility (power) and who wants that responsibility 
(power).”49 While funds for contracts in cancer virus research peaked in 
1974, they did not decline until several years later.50 In public, Rauscher 
could ignore the report’s condemnation of contracts and argue that health 
research was of a different character than biological research and thus in 
need of different administrative mechanisms.51
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Molecular Biology versus Big Biology

Molecular biologists lacked sufficient power within the management of 
the War on Cancer to alter its course. However, they proved extremely 
savvy in using the controversy surrounding the Zinder Report as part of 
a guerrilla campaign to slow the momentum toward contract- based bio-
medical research. Their campaign focused on articulating the identity and 
ethos of molecular biology in opposition to the legitimacy of the govern-
ment’s authority to direct basic research. Watson, identified as one of the 
VCP’s most “vociferous” opponents, highlighted the idea that the criti-
cism of the VCP was about the distribution of resources: “There are a lot 
of virologists who share the same goals. . . . The ones in the VCP were very 
rich. The others, who are just as good, were very poor.”52

Other critics made it clear that the demographic and intellectual future 
of molecular biology was at issue. The rise of cancer research came at 
the expense of other fields. Howard Temin, the codiscoverer of reverse  
transcriptase, pointedly observed that “the talent and money spent on 
cancer research are lost to other pursuits.” The Stanford biochemist Ar-
thur Korn berg, who had failed to persuade skeptical senators of the so-
cial worth of his research in 1967, repeated the accusation that work in 
cancer was of low intellectual quality and that contracts “narrowed the 
focus” of research and reduced the opportunities for “serendipitous dis-
covery which have dominated the modern history of medical research.” 
He continued that the “availability of money, jobs, and facilities in the 
comparatively affluent . . . cancer project seduces students, faculties, and 
institutions. It may distort their perspective.” Kornberg vividly envisioned 
a dystopian future in which “first rate” researchers in bacterial genetics 
and virology “are denied NIH support and university appointment while 
second- rate colleagues working on cancer viruses get both.”53

The Zinder Committee’s work produced further evidence used to crit-
icize the administration of the VCP and the War on Cancer during the 
renewal of the National Cancer Act, evidence that again raised the ac-
cusation that managers were enriching themselves at the expense of good 
science. Frustrating Rauscher’s effort to contain the distribution of the 
committee’s report, a member of the committee passed a copy to a re-
porter at Science before it was even presented to the National Cancer 
Advisory Board. Coverage in Science amplified the concern that contract 
research practices created a “closed shop.” At a time when the expansion 
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of contract research appeared likely, the article concluded, “the report  
must not be accepted and then shelved.”54 While maintaining that “as re-
search goes” there was no difference between contracts and grants, Zinder 
argued that the “specified target” of a contract did not fit a basic research 
effort.55 Speaking to the Medical World News, Zinder commented that 
there was nothing wrong with the government deciding to focus on can-
cer, but that “having done so, it should let the scientists decide how they 
should go about it— at least as long as we need fundamental research to 
get us off the ground.”56

The discussion of misadministration signaled that critics of the NCI’s 
management effort had succeeded in finding a place to push back that 
struck at both the VCP’s effective operation and its standing within the 
scientific community of experts it sought to enroll. The key personnel of 
the VCP’s administrative effort were contract specialists, who provided 
the “bridge between the scientists who administer research and the ad-
ministrative mechanism by which the information is implemented through 
the awarding and fiscal monitoring of a research contract.” By  combining 
“scientific comprehension with their administrative knowledge” these 
specialists were essential to the operations of the program.57 Close moni-
toring was essential for these “fast moving” research programs.”58 The 
NCI had long struggled with the difficulty of recruiting these hybrid 
scientist- managers. “Many of the staff members who have the technical 
competence for program management are motivated, by the attitudes of  
their professional community, to apply this competence in individual re-
search rather than to ‘waste’ it in management affairs,” one review of 
management priorities at the NIH had concluded in the 1960s.59

This situation is perplexing until it is viewed from the perspective of 
the academic molecular biologists whom the NCI sought to enlist. When 
Zinder presented his report, he emphasized the importance of this group’s 
consent: “High productivity in research of broad scope was not possible 
under the control of a small group of individuals. The result has been 
tension and apathy in the scientific community.”60 These scientists re-
sented the administrators’ power and the way it shaped their professional 
identity. Even if that power was used lightly, the cultural taint of control 
remained. “Discretion with respect to what to do about new ideas and 
directions developed by an investigator should lie” with scientists rather 
than managers, “who appear to view basic science projects and scientist[s] 
in the same light as house painting and house painters,” one virol ogist tartly 
wrote.61
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The debate fostered by Zinder, Watson, and others succeeded in deep-
ening the cultural divide between molecular biologists and the administra-
tive machinery of the NCI. A survey in Cancer Research revealed these 
sharp differences. Of those receiving grants administered through the peer-
review process, 76 percent supported a major shift away from contracts, but 
only 28 percent of those receiving contracts did.62 Rauscher confessed that, 
despite abundant funding, the NCI struggled to recruit contract specialists 
and other administrative staff.63 The former Atomic Energy Commission 
program manager Robert Sweek, having had his interest in biomedical re-
search planning piqued by his work for the Panel of Consultants for the 
Conquest of Cancer in 1971, went on to pursue a doctorate in public ad-
ministration from American University. His dissertation examined the im-
plementation of the National Cancer Plan. Sweek concluded that the War 
on Cancer’s administrative problems stemmed from the biomedical com-
munity’s resistance to the training of “technically qualified management 
talent for large biomedical programs.” Based on his survey of biological 
and physical scientists, Sweek suggested that “a fundamental difference in 
philosophy” separated the two communities. Physical scientists were much 
more “program- oriented,” while the biological sciences resisted manage-
ment in favor of individually autonomous “basic” research.64 He concluded, 
“The secret of success in administering large scale cancer research seems to 
have eluded everyone,” but it would be more accurate to say that molecular 
biologists managed to elude large- scale administration.65

In refusing to engage with the managerial apparatus imagined in 
Washington, academic biologists succeeded in denying the NCI access to 
the tacit knowledge of their field and diminished its capacity to manage 
or direct their research process.66 An internal NIH review captured what 
this lack of knowledge produced, commenting that “NCI contracts are 
very vague and indefinite about reporting requirements on the part of the 
contractor.”67 The result was, ironically, that those working on contracts 
often felt a greater sense of autonomy than they had experienced working 
under grants. One researcher reported that during his contract to study 
Epstein-Barr Virus, “I never had the feeling that the VCP has attempted 
to direct our research. On the contrary, we felt positively stimulated by 
the support . . . and possibilities for interaction with other investigators.”68

Unlike engineering and the physical sciences, molecular biology emerged 
from its brush with national mobilization holding fast to its small- scale and 
libertarian ethos. In their fight, molecular biologists recognized their col-
lective interests as a scientific group and discovered that melding political 
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values of freedom and biological claims of complexity produced an ideal 
means for hedging the expansion of the state even as they remained de-
pendent upon it. When their first efforts at grassroots protest or expert 
critique fell short, they found that controlling the flow of tacit knowledge 
about their field checked the ambitions of the VCP. Their dim view of 
federal government soon extended beyond those working directly on vi-
rology. The biochemist Arthur Pardee, best known for his work on mes-
senger RNA, wrote to Benno Schmidt criticizing the NCI for its failure to 
support “innovative, fundamental, cancer research” through grants to in-
dividual scientists. “Original research,” Pardee explained, “is exploration 
rather than engineering. . . . I am not at all persuaded that the best expen-
diture of American taxpayers’ dollars is for a small number of second- rate 
problems that employ numerous third- rate investigators and use supply 
contract materials made by an army of technicians.” Yet Pardee’s letter 
also contained a startling admission for one so confident in his indictment: 
“I suspect that the Zinder Report attacked this problem, though I have 
not seen this report (Could you have a copy sent to me?)”69

The perception that basic or fundamental research was marked by 
freedom and serendipity, articulated in the course of resistance to the  
War on Cancer, reemerged as a powerful principle in renegotiating the 
biomedical settlement. The president of the Memorial Sloan Kettering 
Cancer Center concluded at a conference on the fifth anniversary of the 
National Cancer Act that “really good ideas, the sudden intuitive percep-
tions of connections between seemingly unrelated bits of information, the 
sudden overwhelming revelations that make a scientist worry seriously 
about what would happen to the fate of the world if he were hit by a 
truck on his way to work, occur in individual minds, and they cannot be 
programmed or planned.”70 A 1976 congressional panel on biomedical re-
search argued that basic and applied research were divided primarily by 
their degree of uncertainty and certainty. The methods of managing these 
kinds of research were “radically different.” “Tight organization sched-
ules” should not be applied to problems of high uncertainty, the panel 
concluded.71 The complexity of cancer and the freedom of scientists were 
linked. Watson concluded his chapter on cancer viruses in the 1976 edi-
tion of his textbook Molecular Biology of the Gene with the warning, “No 
matter how cleverly we think, no matter how great our capacity to spend 
vast sums of money for crash programs, the inherent complexity of eu-
karyotic cells still exceeds our intuitive powers. So all too frequently we 
must be satisfied with modest objectives.”72
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A Watershed Moment for the Biomedical Settlement

The War on Cancer, like the War on Poverty, marked a watershed for the 
reach of the government into American society. In the late 1970s, confi-
dence in the government’s ability to direct biomedical research eroded 
nearly as quickly as it had risen in the late 1960s. The VCP mirrored this 
trajectory. Having failed to identify a human cancer virus, it was abruptly 
closed in 1978. Some of the reasons for the VCP’s frustration were more 
contingent than the resistance it faced suggested. The resignation of Pres-
ident Nixon in 1974 after the Watergate scandal removed an ardent ad-
vocate of centralization from the White House. The most powerful mem-
bers of the War on Cancer bureaucracy, Rauscher and Schmidt, lacked 
the administrative acumen (or tenacity) to fully implement and defend 
the most ambitious managerial goals of the program as they had been 
framed at its inception. Huebner, the VCP’s most energetic and articulate 
manager, succumbed to Alzheimer’s disease as the administrative burdens 
of his position grew.73 These many developments blunted momentum to-
ward the management of biomedical research by the late 1970s.

The cultural shift instigated by the War on Cancer, coupled with the con-
troversy over the NIH’s regulation of recombinant DNA techniques in the 
mid- 1970s, succeeded in fostering an enduring suspicion of government 
intrusion in the molecular biology community.74 Many scientists came to 
live a double life, publicly claiming that their work might further the quest 
for a cancer cure while privately admitting that such claims were only a 
means of attracting funding for the intellectually exciting research they 
aimed to carry out in biology.75 The molecular biologists who emerged as 
prominent authorities on cancer sought to manage this contradiction by 
embracing the idea of cancer as a complex puzzle. In that view, the returns 
of the VCP or other efforts to direct biomedical research would always be 
meager.

Suspicion of management cast a long shadow, even when scientific de-
velopments suggested that hope for a vaccine to prevent cancer was not 
forgone. Just as the VCP ended, virologists and epidemiologists working 
in other quarters were on the verge of demonstrating a link between in-
fection by the Hepatitis B virus and liver cancer.76 Yet in offering advice to 
the NCI as it prepared to establish a task force on Hepatitis B virus in the 
early 1980s, a molecular virologist repeated Zinder’s criticism, lambasting 
the use of contracts as a device that attracted researchers interested in 
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cancer not “for its inherent intellectual challenges” but in the “advertised 
funds.”77 The author, Harold Varmus, had in fact been one of those biolo-
gists drawn, wittingly or not, into cancer virus research by the ready fund-
ing offered by the NCI. The activities of his laboratory at the University  
of California, San Francisco, considered in chapter 9, illustrate how appar-
ently serendipitous discoveries in the laboratory could possess powerful 
antecedents in state planning.
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chapter nine

The West Coast Retrovirus Rush and 
the Discovery of Oncogenes

In the summer of 1970, while national debate over strategy for the War 
on Cancer mounted, Howard Temin rose to give a lecture on retrovi-

ruses as a part of a summer course on animal virology at the Cold Spring 
Harbor Laboratory. Temin had devoted the previous decade to a lonely 
effort: studying the reproduction of Rous Sarcoma Virus, an RNA tumor 
virus, or “retrovirus.” If each of the fifteen people in the room understood 
retroviruses at the end of the course, Temin joked, he would have suc-
ceeded in doubling the number of scientists in the world who did.1 By 
1974, however, 450 scientists packed into the Cold Spring Harbor Labora-
tory’s tumor virus meeting, and retroviruses dominated the discussion.2 
What had changed in the interval? In 1970 Temin and MIT virologist Da-
vid Baltimore identified an enzyme— reverse transcriptase— that allowed 
retroviruses to change the DNA of cells. As discussed in chapter 6, this 
discovery energized the ongoing efforts of the National Cancer Institute 
to understand retroviruses as a critical element of demonstrating the viral 
origins of human cancers. The National Cancer Institute placed retrovi-
ruses and the molecular oncogene theory at the center of its efforts during 
the War on Cancer, creating an “instantaneously overcrowded field.”3

In 1976 two of the scientists drawn into this crowded field of retrovirus 
research, J. Michael Bishop and Harold Varmus, at the University of Cali-
fornia, San Francisco, provided evidence that a viral oncogene, src, was in  
fact present in many normal cells. Bishop and Varmus’s demonstration 
of the existence of cancer- causing genes, or “oncogenes,” within normal 
cells marked a decisive step in the ongoing effort to molecularize studies 
of cellular growth and development as a whole.4 Awarding Bishop and 
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Varmus the 1989 Nobel Prize in Medicine, the Nobel Assembly praised 
their work for showing that “cancer was not contagious.” Their finding, 
which indicated that “changes in genetic material constitute the basis for 
the development of cancer,” provided molecular biologists with a pivot 
point from external to internal causes of cancer.5 In accepting his prize, 
Varmus quoted Baltimore’s own Nobel acceptance speech from 1976 in 
giving thanks that the “virologist . . . can see into his chosen pet down to 
the details of all its molecules.”6

However, the ability to “see into the molecules” was not a feature of 
viruses themselves but a consequence of the material and social infra-
structures that the NCI had built around retroviruses during the War on 
Cancer. The accomplishments of Bishop and Varmus’s laboratory in San 
Francisco during the early 1970s illustrates a paradox familiar from the 
history of physics. Seeing with smaller and smaller resolution— to the 
level of the molecule— required larger and larger forms of scientific orga-
nization. The infrastructure that the leadership of the War on Cancer put 
in place exerted a profound influence on the migration of the molecular 
approach to life from bacteria into higher organisms. I explore other as-
pects of this infrastructure in chapter 10, but in tracing the genealogy of 
Bishop and Varmus’s identification of src, I will provide a concrete exam-
ple of how social and material infrastructures played a generative, rather 
than merely accessory, role in the production of knowledge about cancer 
at the molecular level.

The core concept that helps connect the infrastructure of the War on 
Cancer to the practices of Bishop and Varmus’s laboratory is that of an ex-
perimental system. Experimental systems, as philosopher of biology Hans- 
Jörg Rheinberger describes them, are the “working units” of science,  
an arrangement of interpretive theories, technologies, tools, and organ-
isms designed to ask questions rather than provide answers. Because ex-
perimental systems are organized around questions, they are by nature  
unstable— the research object, or “epistemic thing,” at the center of the 
system is not yet fully defined. It is the object that the experimenters aim 
to learn more about, and to ask questions about the object, they need 
to use the methods and tools of the system to bring the epistemic thing 
into existence in the laboratory. There are no single experiments that are 
decisive moments of “proof”: each single movement in the system occurs 
in the context of previous experiments. Instead of promising replicability, 
experimental systems often thrive on uncertainty and ambiguity— these 
are the moments when new kinds of research objects emerge. They are 
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machines, in the words of the molecular biologist François Jacob, “for 
generating the future.”7

This chapter follows the emergence of the theory of cellular oncogenes 
from its origins in the Special Virus Cancer Program to the experimental 
practices of Bishop and Varmus in San Francisco. The efforts of their lab-
oratory to construct an experimental system for the study of oncogenes 
provide an ideal lens through which to explore how the infrastructure of 
the War on Cancer shaped the creation of new knowledge in molecular 
biology at the level of the benchtop. Their pursuit of src drew upon a 
range of social, financial, and material resources mustered under the aegis 
of Robert Huebner’s interest in using retroviruses to reveal a link between 
viruses and human cancer. Few specialists endorsed this theory, but as a 
leader of the NCI’s SVCP, Huebner was able to use the very feature of 
the War on Cancer that molecular biologists resented— the capacity of 
administrators to award contracts for research independent of peer re-
view— to foster a wide range of inquiries into retroviruses. Those inqui-
ries provided the background against which Bishop and Varmus started 
their search for src, with unanticipated results. Although Huebner did not 
intend to reveal cellular oncogenes when he placed the resources of the 
SVCP behind retrovirus studies, these results illustrate that the futures 
generated by experimental systems are closely bound up with their past 
material and social environment.

The Social Infrastructure of RSV Research on the West Coast

Bishop and Varmus were two of the new researchers drawn into the 
“overcrowded” field of retrovirus research by the SVCP. Though neither 
had first chosen to pursue cancer virus research, when they arrived in San 
Francisco they drew on a dense community of retrovirus researchers to 
make rapid progress in their study of Rous Sarcoma Virus (RSV). The 
ease with which the two outsiders became fluent in the study of RSV il-
lustrates the importance of the social infrastructure the SVCP helped 
foster around cancer virology. In 1969 neither Bishop nor Varmus was 
an obvious candidate for retrovirus research. Both had pursued train-
ing in clinical medicine, not biology. The Vietnam War, not the War on 
Cancer, moved them to pursue biomedical research. During the 1960s, 
the National Institutes of Health, worried that doctors from elite medi-
cal schools were shunning biological research in favor of clinical work, 
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figure 9.1. J. Michael Bishop, about 1984. Courtesy of General Motors Cancer Research 
Foundation and the National Cancer Institute.
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used the Selective Service System to recruit male doctors for training as 
physician- researchers at its Bethesda campus. Through an arrangement 
with the surgeon general and the US Public Health Service, whose Com-
missioned Corps members could count their work toward military service, 
the NIH had the ability to offer up to seven hundred doctors each year the 
chance to pursue research rather than face combat.8 When Bishop gradu-
ated from Harvard Medical School in 1962, he jumped at the chance to 
avoid the “clutches of the US Army” by studying the biochemistry of the 
poliovirus at the NIH.9 His training there included courses on many topics 
in the biological sciences as well as laboratory research projects— a PhD 
in miniature.10

In 1968 Bishop accepted a job offer from the Microbiology and Biochem-
istry Department of the University of California, San Francisco (UCSF). 
Bishop joined an institution deeply reliant on federal support for biomedi-
cal research. Founded in the late nineteenth century as a medical school 
affiliated with the University of California, Berkeley, UCSF attempted to 
connect training hospitals in San Francisco with biology and biochemis-
try laboratories across the bay in Berkeley. After the Second World War, 
UCSF gained its independence and a campus in San Francisco. Yet this in-
dependence was costly. Most of the biology and biochemistry faculty, along 
with their resources, remained at the more prestigious Berkeley campus. 
Bishop joined the many young professors that UCSF hired to develop its 
program of laboratory biomedical research. Like other young professors  
there, he found little institutional support. The new UCSF lacked an en-
dowment to support biological studies that were not directly tied to clini-
cal ends. As a result, the growth of UCSF and the work of its laboratories 
hinged on external funding to a greater degree than its established, and 
wealthier, peers.11

The start of Bishop’s academic career coincided with a period of stag-
nating federal funds for biomedical research in the late 1960s, discussed 
in chapter 7, threatening his efforts to continue research on RNA viruses. 
Although Bishop had a grant to continue his studies of polio, he gravi-
tated toward the stability and growth promised by funding for cancer re-
search, forming a partnership with Warren Levinson, an RSV researcher 
at UCSF. Bishop’s biochemical experience, they hoped, could usefully 
be applied to studying the replication of RSV and its transformation of 
infected cells. In Bishop’s mind, this was a move from the study of the 
biochemistry of one RNA virus to another, not a move toward cancer 
research per se.12
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Bishop and Levinson approached the SVCP in 1971, requesting sup-
port for the study of reverse transcriptase in avian tumor viruses. Given 
the hundreds of thousands of dollars it spent to support other research 
contracts, the SVCP was happy to award a contract worth $77,000 annu-
ally to sustain Bishop’s efforts to purify reverse transcriptase from RSV and 
detect virus- specific RNA and DNA in infected cells.13 This amount was 
modest compared to the program’s other expenditures, but for Bishop 
and Levinson it was a bounty. The funds also arrived quickly. Bishop re-
called the extraordinary difference between contract and grant applica-
tions: “There was money to be had . . . [and] we petitioned for it and got 
it. . . . It was one month, not six, twelve months . . . then rewrite and re-
write [the grant].”14 The significance of the contract to their study of RSV 
was immense. From 1971 to 1972, for example, 85 percent of their exter-
nal funding to study RSV came from the SVCP.15 The emphasis of their 
research, however, was different from that of Temin’s work on RSV. In 
one of their first funding applications, Bishop and Levinson took pains to 
distance themselves from Temin’s controversial theory, writing that their 
approach took it as “implicit” that the transformation of cells by RNA 
tumor viruses “is accomplished without the ‘integration’ of viral genome 
(or genetic information) into the host genome.”16

Varmus’s path was similarly influenced by the Vietnam War. “Fer-
vently opposed” to the conflict, Varmus also elected to serve at the NIH 
rather than face the military draft after graduating from the Columbia 
University College of Physicians and Surgeons in 1968.17 At the NIH, he 
initially studied bacterial gene regulation but soon became interested in 
the possibility of using RNA tumor viruses to understand the genetics of 
cancer. He first attempted to pursue this project as a postdoctoral fellow 
at the prestigious Salk Institute under Renato Dulbecco, but Dulbecco, 
whose focus was on DNA tumor viruses, did not sponsor him. Visiting the 
San Francisco Bay Area, Varmus first went to Berkeley, where Temin’s 
former collaborator Harry Rubin directed him to UCSF. Varmus visited, 
“not knowing anything about the group.”18 Despite that ignorance, he 
was reassured by learning that so many of his potential collaborators had 
previous experience at the NIH. Moreover, San Francisco’s location only 
hours from the hiking and fishing opportunities of the Sierra Mountains 
appealed to Varmus, who was an avid outdoorsman.19

The NCI’s investment in retroviruses not only brought Bishop and Var-
mus together but also sustained a broader community that aided their 
studies of RSV. Bishop and Varmus were a node of Robert Huebner’s 
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figure 9.2. Harold Varmus in 1981. Image © 1981 by Janet Fries.
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Pacific Tumor Virus Group, one of several regional subgroups established 
by the SVCP to promote communication among the numerous retrovirus 
researchers it sponsored after the discovery of reverse transcriptase.20 Var-
mus recognized their community of RSV researchers as the “West Coast 
Tumor Virus Cooperative.” Bishop, Levinson, and Varmus at UCSF— 
along with Peter Vogt at the University of Southern California and Robin 
Weiss, a former postdoctoral researcher of Vogt’s, at the University of 
Washington— formed the core of the group, and they were later joined by 
the biochemist Peter Duesberg at the University of California, Berkeley.21 
In 1971, with the aid of the West Coast Tumor Virus Cooperative, Bishop, 
Levinson, and Varmus set out to expand their laboratory into a center for 
the use of molecular techniques to hunt for the src gene in cells. Whereas 
Bishop had originally focused on the biochemistry of RSV’s reproduction, 
Bishop and Varmus now sought to detect the presence of viral genes in 
the genetic material of infected cells.

In shifting their focus from virology to genetics, Bishop and Varmus 
drew on the work of this vibrant community of retrovirus researchers. 
The cooperative united skills not usually drawn together. A letter from 
Weiss to the San Francisco members suggested defensiveness when tra-
ditional virologists encountered molecular biology: “I hope you will wel-
come this as a genuine, practical and intellectual collaboration. . . . You 
will soon appreciate that I can’t tell Watson from Crick . . . but then again 
you can’t tell . . . RSV 

α
 from 

ω
, can you? Virologists and biochemists of the 

West Coast: Unite! Spool out the DNA of those embryos that are coming 
home to roost in a San Francisco Revco [freezer].”22 While Weiss’s study 
of the mutants of RSV did not equip him for the terminology of molecu-
lar biology, the cooperative provided a framework for the two disciplines  
to meet.

As they embarked on their search for src, Bishop and Varmus bene-
fited from the assurance that there was in fact a single gene to find. Unlike 
molecular biologists, traditional virologists still treated genes as abstract 
entities for describing inheritance rather than physical fragments of DNA 
or RNA. After Temin and Rubin’s creation of an experimental system for 
studying the reproduction of RSV, other virologists had attempted to map 
its genes by tracking mutations over generations, the same strategy that  
served to map the genes of fruit flies and many other species.23 Vogt em-
barked on a long project to generate and catalog mutants of RSV, and 
the SVCP awarded him $250,000 (1971 dollars) annually to provide these 
mutants to other laboratories.24
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Vogt sent some of the mutants to Levinson, a former student, and 
Levinson shared them with Bishop and Varmus. Bishop and Varmus, in 
turn, shared these mutants with a postdoctoral researcher, G. Stephen 
Martin, who was working in Berkeley’s Zoology Department under Harry 
Rubin’s supervision. The mutant strains of RSV that Martin received from 
Los Angeles by way of San Francisco were of a very particular kind. These 
strains were temperature sensitive. Cultured at 41°C, the average internal 
temperature of a chicken, this strain of RSV would infect cells and cause 
them to produce RSV without being transformed. The same RSV strain 
grown in cells maintained at a lower temperature, 36°C, would infect and 
transform the cells. To Martin, this finding suggested that within the ge-
nome of RSV, the gene responsible for the cancerous transformation of 
cells after infection was distinct from the genes required for reproduction 
of the virus.25

Another member of the cooperative working in parallel with Martin, 
Peter Duesberg, soon demonstrated that the existence of a transforming 
gene posited by Martin’s research corresponded to a physical difference 
in the composition of the genomes of the two RSV types. While he later 
became notorious for his denial of the link between HIV (another retro-
virus) and AIDS, in the early 1970s Duesberg enjoyed a reputation as an 
expert in the biochemistry of RNA viruses, “one of the best people work-
ing on the[ir] molecular biology.”26 He received $150,000 annually from 
the SVCP to apply the techniques that he had developed to explore the 
chemical composition of RNA virus genomes to Martin’s mutant strains 
of RSV.27 Duesberg broke the RNA of the mutant and normal strains 
into fragments. He then ran these fragments through a gel electrophore-
sis apparatus, which used an electric charge to sort fragments of RNA by 
size. The results from this apparatus provided the first evidence that the 
genomes of the mutant and normal RSV strains differed physically: the 
mutant was missing a fragment of RNA found in the normal strains of 
RSV. That fact in turn provided the first suggestion that a tumor virus’s 
transforming power could reside in a single, identifiable, physical gene.28

Duesberg’s studies raised the possibility that it would be feasible to 
isolate the RNA fragment corresponding to this transforming gene. To-
gether, Martin and Duesberg used radioactively labeled RNA and elec-
trophoresis to document the presence of an RNA gene fragment in nor-
mal RSV but not in temperature- sensitive mutants. They also ruled out 
the possibility that the additional RNA in a normal RSV genome bore 
no relationship to the transforming effect of the virus.29 The transforming 
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RSV gene became known as src, an abbreviation of “sarcoma.” Greeting 
their result, Nature predicted, “It should not be long before that part of 
the Rous sarcoma virus genome is, in useful amounts, separated from the 
part carrying genes not involved in the transformation of [cells].”30

Showing that RSV infection actually placed a copy of src into a cellular 
genome was a far more difficult task. The quantity of DNA in a cell’s ge-
nome was many, many times larger than the amount of RNA in RSV. The 
sheer number of fragments overwhelmed Duesberg’s electrophoresis ap-
paratus. Bishop and Varmus thought they had a different solution to this 
challenge. Although neither was well versed in RSV genetics, both were 
familiar with hybridization reactions between DNA and RNA. Varmus, 
in particular, had spent much of his time at the NIH using hybridization to 
study the regulation of E. coli genes.31 Bishop, who had a lingering sense 
of having been “scooped” by the discovery of reverse transcriptase, pur-
sued the implications of this new method with particular zeal.32

Bishop and Varmus aimed to adapt hybridization reactions to the task 
of hunting for the src gene. For molecular biologists, DNA- DNA hybrid-
ization was well understood: single DNA strands with complementary 
sequences of base pairs would bond together to form a stable double he-
lix.33 While RNA usually existed in more unstable single strands, it could 
also pair with complementary DNA sequences if the DNA helix was “un-
wound” under the right temperature or chemical conditions. Hypotheti-
cally, RNA src genes could hybridize with fragments of uncoiled DNA 
from infected chicken cells. If successful, such reactions would demon-
strate that DNA analogs of the src RNA existed in infected cells. How-
ever, RNA- DNA hybridization was far more complex than DNA- DNA 
hybridization; the DNA strands were more willing to fold and pair with 
themselves than with RNA. Even if conditions could be changed to allow 
DNA and RNA to hybridize, it was doubtful that the final results could 
indicate with sufficient precision whether an exact DNA copy of src ex-
isted in the infected cell.34 For Bishop and Varmus, reverse transcriptase 
suggested a different approach to this problem. Starting with RNA cor-
responding to src, reverse transcriptase could be used to create a DNA 
copy that incorporated radioactively labeled base pairs. This radioactively 
tagged src DNA molecule, which was more stable than src RNA, could 
then be used as the basis of hybridization tests that paralleled those devel-
oped at the Salk Institute to study a DNA tumor virus, SV40.35

That process, though appealing in its simplicity, required substantial re-
sources. The SVCP was happy to provide these resources, given its hope 
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figure 9.3. A condensed illustration of a hypothetical hybridization reaction between an un-
known DNA segment (white) and known fragments for comparison (black). The winding and 
unwinding of DNA helixes as conditions of temperature or chemistry varied provided a very 
accurate way of comparing sequences of different fragments. The stronger a set of bonds be-
tween single strands of DNA, the higher the number of complementary bases. If a fragment 
of DNA or RNA that a researcher wanted to study (black) could be marked in advance— for 
example, through incorporating radioactive isotopes into the base pairs— then this marked 
segment could serve as a probe for similar sequences of base pairs among fragments of DNA 
(white) as the original DNA helix was unspooled and broken up. For more on the mechanics 
of hybridization reactions, see note 33 in this chapter. Illustration by Steven Parton.

that one of its contractors would use reverse transcriptase along with DNA 
hybridization to create “an extremely sensitive device for detecting cryp-
tic virus states” associated with retrovirus infection and human cancer.36 
While the discovery of reverse transcriptase in 1970 had established the 
theoretical possibility that retroviruses could change the DNA of a cel-
lular genome, by 1972 no such changes had been identified. Huebner and 
the other leaders of the SVCP’s Solid Tumor Virus Segment still hoped to 
show that retrovirus genes were not only inserted into cells, but became a 
part of the cell’s genetic endowment for generations before the appearance 
of cancer. Elucidating the character of src at a genetic and biochemical 
level would provide a test for the oncogene hypothesis— proof whether or 
not a viral oncogene played a role in cancerous transformation.37

Practicing Molecular Biology in the Middle of the War on Cancer

With the stability that SVCP sponsorship provided their work, the UCSF 
group started to increase the scale of their reverse transcriptase studies 
in preparation for the creation of an src probe. Their laboratory would 
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need quantities of reverse transcriptase, RSV, and temperature- sensitive 
RSV mutants that were beyond their capacity to produce. The progress 
of Bishop and Varmus’s research agenda illustrated the ways in which the 
War on Cancer created a new form of scientific work that fell between 
benchtop and big science. The growth of their laboratory and the progress 
of the probe’s refinement in the next few years eloquently illustrate the 
interplay of political and experimental systems in molecular biology—  of 
growing larger in order to see smaller. The experience of the laboratory 
also provides a counterpoint to the concerns voiced by Zinder and oth-
ers about the conditions of working under contract for the Virus Cancer 
Program.

In late 1971 Bishop wrote to Huebner, “Our principal problem is lo-
gistics.” Though retroviruses and reverse transcriptase enzymes were be-
coming commercially available from contractors affiliated with the SVCP, 
they were not pure enough for the group’s sensitive hybridization experi-
ments. However, the DNA hybridization reactions that the group sought 
to carry out were inefficient, requiring “far more virus than we can pres-
ently prepare.” Even as its hope of providing standard reagents fell short, 
the SVCP’s support freed Bishop and Varmus from the labor of cultiva-
tion, allowing their laboratory to hire technicians and buy equipment to 
increase their production of RSV “ten- fold.” Bishop confidently asserted 
in one of his first reports, “Whatever the inconvenience and labor may 
be . . . we intend to continue to prepare our own biological reagents be-
cause this provides considerably [sic] economy, assures quality control, 
and offers greater flexibility in experimental design.”38

A year later, Bishop stated, “We still need more virus and larger quan-
tities of infected cells of every type. We will be unable to further expand 
our local production until the University provides us with new space. . . . 
For the present we must rely on a commercial source of RSV [University 
Laboratories] to supplement locally produced virus stock, and upon vari-
ous collaborators to supply us with materials not presently produced in 
our laboratory.”39 This work was labor intensive. Members of the labo-
ratory needed to cultivate two or three hundred petri dishes of virus to 
provide the precursors for one experiment.40 However, grants for RSV 
research from the NCI and the American Cancer Society provided “no 
resources for the purification” of the compounds that were an important 
part of the laboratory’s experimental work— this labor was supported by 
the SVCP and later by its expanded version, the VCP.41

As the laboratory grew in size, its fluency with difficult hybridization 
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reactions increased. Bishop and Varmus first used these new tests to ar-
gue that viral infections were more widespread in “normal” cells than 
traditional virologists assumed. In particular, they used hybridization re-
actions to show that, contrary to the results produced by antibody tests, 
“clean” chicken embryos showed evidence of RSV infection. Nonetheless, 
this kind of test was too imprecise to establish whether the transforming 
genes from RSV were also present in the uninfected cells. Theoretically, 
the radioactive signature of the synthetic viral DNA (vDNA) probe could 
be followed to corresponding cellular DNA (cDNA) in a cell during a hy-
bridization reaction. In practice, however, the results were difficult to in-
terpret because of the way the laboratory created its radioactively labeled 
vDNA.42 As Bishop and Varmus continued to adjust their techniques, 
they sometimes found that their estimates of the amount of vDNA copied 
into a cellular genome needed to be revised sharply downward once they 
developed more accurate DNA- based assays, sometimes by a factor of 
ten or more.43

Bishop and Varmus had no way to know how many vDNA copies of 
src existed during a synthesis, or whether the entire viral genome partici-
pated in their reactions. The length of time for which experiments were 
allowed to run for “full” synthesis of vDNA from RSV RNA, the appro-
priate ratio of excess cDNA to use, and the difficulty of gauging the ex-
tent of hybridization all complicated the interpretation of the laboratory’s 
experimental results.44 Reviewers of the laboratory’s publications often 
raised these objections, and the only reply Bishop or Varmus often sup-
plied was to assert the depth of their laboratory’s experience with these 
hybridization reactions.45 The only definitive means that Bishop and Var-
mus foresaw of resolving these challenges lay within longer- running and 
consequently more expensive hybridization experiments.46

With support from the VCP, the laboratory’s members became the rec-
ognized specialists in the use of hybridization and radioactively labeled 
probes to detect retrovirus genes in cells. The chairs of the VCP lauded 
the Bishop- Varmus laboratory as “one of the best in the Program” for 
its mastery of different techniques for the hybridization of nucleic acid. 
The chairs subsequently voted to increase the laboratory’s annual con-
tract from $124,000 to $200,000.47 At a meeting of the Pacific Tumor Virus 
Group in Berkeley, otherwise dominated by excitement over the detection 
of possible retroviruses in human placentas, Bishop announced that his 
laboratory had developed a “highly sensitive method” for demonstrating 
equivalence between fractions of the viral genome and DNA sequences 
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in the genome of normal cells.48 The laboratory expanded its studies to in-
clude mouse retroviruses, and in a 1974 contract summary, Bishop made a 
tongue- in- cheek reference to the laboratory’s notoriety for hybridization 
techniques, writing that “cultured cells had been examined with a newly 
developed assay based on (what else?) molecular hybridization.”49

As these studies continued, “small scale” production of reverse tran-
scriptase and single- stranded vDNA probes were “no longer practical,” 
Bishop wrote. Pursuing the “very promising new procedure” of using an 
excess of vDNA tripled the laboratory’s already substantial rate of radio-
active isotope purchases. From 1972 until 1976, the laboratory was en-
tirely dependent on its VCP contract to support the purification of RSV 
and reverse transcriptase. The VCP also supported the purchase of high- 
speed centrifuges and other equipment unavailable from UCSF. These 
resources drove the further expansion of the laboratory. Assigning tech-
nical staff full-time to the process of synthesizing the probe compelled 
further production to both meet experimental needs and justify the ex-
pense of technicians and equipment devoted to virus culture and enzyme 
purification.50

In their pursuit of src, Bishop, Varmus, Levinson, and a fourth col-
league, Leon Levintow, grew into a closely knit interdisciplinary research 
unit at UCSF. The work of this unit, Bishop explained, constituted an 
“intellectual whole, directed and funded in an interlocking manner.” The 
intermingling of funds and resources created a self- sufficient laboratory 
complex “without assistance from the university.” Even adjusting for the 
fact that many of Bishop’s comments regarding the importance of con-
tracts came in his pursuit of further funding, the transformation wrought 
on the UCSF laboratory by SVCP support was profound. The laboratory 
included the four professors, fifteen postdoctoral fellows, numerous grad-
uate students, and ten support staff. The work of the laboratory techni-
cians allowed for the large- scale production of essential laboratory mate-
rials, including purified RSV and chicken cell cultures. Contracts from the 
SVCP underwrote the majority of the supplies required by this operation, 
including the replacement of ultracentrifuge rotors used in the purifica-
tion of reverse transcriptase (the laboratory went through three a year), 
radioactive isotopes, and precision heaters required for long- running mo-
lecular hybridization experiments. These were not trivial expenses. Ra-
dioisotopes for the production of hybridization probes alone cost $24,250 
annually, 150 percent of the salary a skilled technician working in the 
laboratory earned.51
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figure 9.4. The hypothetical synthesis of an oncogene probe using mutant RSV, after an ex-
planation in the third edition of James Watson’s Molecular Biology of the Gene (1976). The 
diagram emphasizes the conceptual nature of the synthesis, rather than the laborious work of 
hybridization, electrophoresis, and centrifugation necessary to make this theoretical probe a 
biochemical reality. Illustration by Steven Parton.
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The creation of the src probe condensed the many layers of social, 
material, and financial infrastructure that the War on Cancer provided 
to researchers at UCSF. Varmus, working with postdoctoral fellow Ra-
mareddy Guntaka, planned to isolate src from RSV and use it as the basis 
for a hybridization probe. Their laboratory would first isolate RNA cor-
responding to the src gene in RSV using electrophoresis, and then use 
reverse transcriptase to assemble a vDNA copy specifically of src from ra-
dioactive DNA precursors. The src- vDNA could then be used in hybrid-
ization reactions to show evidence that a complementary DNA fragment 
corresponding specifically to the src gene was present in cells transformed 
by RSV infection.52 Guntaka initially set out to synthesize the src probe. 
However, he was already working on several projects, so the task fell to his 
friend and frequent lunchtime companion Dominique Stehelin, a visiting 
scientist from France whose planned studies of RSV RNA had stalled.53

The synthesis of the probe required the painstaking use of the full 
range of resources that had been assembled in San Francisco. Picking up 
where Guntaka had stopped, Stehelin started with purified RNA from 
both mutant and normal RSV. The laboratory grew some of the RSV re-
quired for this task, but he also used virus stocks sent up from the Uni-
versity of Southern California, where Vogt continued to generate and  
catalog temperature- sensitive RSV mutants, with VCP support.54 Draw-
ing on the laboratory’s supplies of purified reverse transcriptase and ra-
dioisotopes, Stehelin then produced a radioactively labeled vDNA copy 
of the RNA from regular RSV and mixed that vDNA with the mutant 
RSV RNA. The resulting reaction hybridized all of the normal RNA ex-
cept the RNA corresponding to src, which he then isolated using centri-
fuges and chromatography. Next, he used reverse transcriptase and ra-
dioactively labeled base pairs to create a radio- labeled DNA src probe 
from that isolated RNA. In the early 1970s, when few means existed for 
manipulating genes directly, the preparation of the gene probe was itself 
worthy of publication in the prestigious Journal of Molecular Biology.55 
This probe promised to provide proof of Huebner’s viral oncogene theory, 
but Bishop and Varmus soon found that it also suggested a new way of 
thinking about the origins of cancer.

From Enemy Without to Enemy Within

The emergence of the cellular oncogene theory from this years- long search 
was an ironic by- product of the infrastructure that the NCI put in place to 
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find proof of Huebner’s retroviral oncogene theory. The key discovery of 
Bishop and Varmus’s experimental system was in fact the by- product of a 
calibration exercise. As the experimental system had been designed, the 
“epistemic thing” it aimed to identify was the presence of src in a normal 
chicken cell infected by RSV. In his first efforts, Stehelin had showed with 
a high degree of precision that src was present in chicken cells infected and 
transformed by RSV, as Bishop, Varmus, and Huebner had suspected. Af-
ter this finding, Stehelin went about what should have been a routine ex-
periment, testing the probe against a set of uninfected chicken cells. At the 
time, researchers active in hybridization studies of RSV assumed that the 
transforming genes of RSV were not present in normal cells, so the probe 
should detect nothing in these cell populations.56 Working alone in the labo-
ratory on a Saturday evening in October 1974, Stehelin was stunned to find 
that normal, noncancerous chicken cells also contained DNA sequences 
corresponding to the RSV src gene.57

Molecular biologists later heralded the discovery of what became 
known as cellular src (or c- src, to differentiate it from the src gene found 
in RSV) as a “revolutionary” event that shifted the causation of cancer 
from external causes to the study of the genetics of the cell.58 However, it 
took another year and a half of work with the src probe to demonstrate 
why this unexpected finding actually suggested a wholesale reorientation 
from external to internal causes of cancer. Paradoxically, the reorienta-
tion rested on reversing the progress that the UCSF group had made to-
ward creating a specific and precise hybridization probe for src.

From 1970 through 1975, the emphasis of their laboratory’s work had 
been on the comprehensiveness and accuracy of a probe for viral src— 
ensuring the highest degree of specificity possible between the src probe 
and the cellular DNA fragments they aimed to identify. Their emphasis 
on specificity reflected a long- standing approach to immunological tests 
and other biochemical reactions, which favored precision. Following from 
this work, the optimal conditions for the probe did not favor hybridiza-
tion with DNA sequences that were dissimilar from src. As a corollary, 
the further one pursued the divergence of the src gene from chickens, the 
less effective the probe became. That finding emerged as a challenge for 
the laboratory as they sought to locate c- src in other bird species, culmi-
nating in the “unpleasant” sacrifice of an emu chick. Although the labo-
ratory found that sequences resembling the src gene were also present 
in the normal cells of other bird species, they could not identify similar 
sequences in mammals using their probe.59 Until the specificity of the hy-
bridization reactions were better understood, it was unclear whether this 
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reflected the conditions under which the laboratory used the probe or the 
absence of the gene itself.

The concept of evolutionary time and the lack of hybridization pro-
vided the ideas from which the UCSF researchers created a new experi-
mental narrative to make sense of the results they had obtained. Hueb-
ner’s theory had raised the possibility that the oncogenes of retroviruses 
could persist across generations of normal cells after an initial infection. 
Indeed, Huebner and Todaro had speculated, oncogenes might be “an es-
sential part of the natural evolutionary inheritance of vertebrate cells.”60 
The VCP’s leadership speculated that “in an evolutionary context,” onco-
genes might even have “provided certain advantages at one time in pre- 
vertebrate periods.” The integration of the retroviral oncogenes into cells 
could have been so successful that the oncogenes were entirely capable 
of “vertical” transmission from generation to generation rather than by 
infectious, “horizontal,” transmission.61

A. C. Wilson, a leader at UC Berkeley in the emerging field of molecu-
lar evolution, suggested a new way of interpreting the results of the UCSF 
researchers’ hybridization tests. Previously, Bishop and Varmus had been 
frustrated by the existence of partial hybridization between their probes 
and DNA samples. However, the partial hybridization reactions were of 
interest to molecular evolutionists such as Wilson. Evolutionary biology 
had a long- standing interest in establishing the degree of relatedness be-
tween different species. Traditionally, biologists established these rela-
tionships through the collection and comparison of different anatomical 
specimens. Starting in the early 1960s, some molecular biologists proposed 
that small changes in the amino acid sequences of common proteins, such 
as hemoglobin, could serve as a “molecular clock” to mark the divergence 
of different species.62 Drawing on this approach, Wilson proposed that 
immunological tests for protein hybridization could also be used to mark 
the degree of divergence among species.63

Rather than focusing on the specificity of their test, Bishop and Var-
mus found inspiration in imprecision. Incomplete hybridization was not a 
problem to be solved, as it might have been in the immunological detec-
tion tradition; instead, it was a means of tracing a gene’s history. Following 
Wilson’s work, Bishop and Varmus created a new story about their probe 
and c- src based on their hybridization results. The src probe hybridized 
best with the c- src gene of normal chicken cells, but not as well with other 
species. This finding followed from the fact that RSV was adapted to 
chickens. Bishop and Varmus proposed that the degree of hybridization 
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was in proportion to the evolutionary distance of these other species from 
the modern chicken. For example, the emu, a “very primitive bird,” had 
a lesser degree of hybridization than a closer evolutionary relative of the 
chicken, such as the quail. Based on the pattern of decreasing hybridiza-
tion as evolutionary relatedness decreased, it appeared that the cellular 
src gene had descended from an avian predecessor and that RSV had 
picked it up from the modern chicken. Therefore, the src oncogene was 
not viral but cellular in origin, and it served “some function,” which ac-
counted for its persistence as different species branched from their com-
mon ancestor.64

However, these results remained limited to bird species. The origins of 
c- src in the cell would be easier to defend if its analogs could be located in 
other branches of the evolutionary tree. Therefore, the laboratory started 
to explore means of reducing the biochemical specificity of their probe as 
a means of tracing genetic divergence. The chemical technique of achiev-
ing reduced specificity hybridization reactions came from Deborah Spec-
tor, a postdoctoral fellow who had trained as a graduate student under 
Baltimore at MIT and who assumed Stehelin’s duties after his departure 
from the laboratory in 1976. Her experience with RNA hybridization re-
actions in Baltimore’s laboratory gave her insight into how to adjust the 
conditions for the src probe’s hybridization reactions. While Spector could 
not say exactly what the probe hybridized with in the genomes of these 
cells, her manipulation helped fit the presence of c- src into an evolution-
ary schema that extended beyond birds to other vertebrates and even to 
sea urchins.65 Spector’s studies continued to draw on the infrastructure of 
the VCP— because of the decay of the radioactive isotopes used to label 
the probe, postdoctoral fellows had to prepare new batches of src probe 
roughly twice a month to support the laboratory’s ongoing research.66

The observations that arose from transferring the src probe outside 
of bird species allowed Bishop and Varmus to argue that the true origins 
of retroviral oncogenes were in cells without having to resolve the evolu-
tionary question of what function the gene served. A former member of 
the cooperative, Robin Weiss, prefaced his discussion of Stehelin, Bishop, 
and Varmus’s 1976 paper for readers of Nature with a caution that the role 
of src in cell development was unknown. “Of course,” Weiss continued, 
“the isolation of an ‘oncoprotein’ coded by . . . the ‘sarc’ gene is a major 
goal. . . . How such a protein might interact with the host cell is an open 
question.”67 Baltimore highlighted Bishop and Varmus’s results when 
he accepted his Nobel Prize for the codiscovery of reverse transcriptase 
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in the spring of 1976, but he still maintained that the “isolation of these 
transforming proteins and elucidation of their mechanism of action . . . is 
the present challenge of cancer virology.” He lingered on the difficulties 
implied by the detection of viral transforming genes in uninfected cells. 
“What,” Baltimore asked, “is the significance of these genes that look like 
viruses?”68

Writing in The Molecular Biology of Tumor Viruses (1982), Bishop 
and Varmus conceded, “The tools used to trace the lineages of c- onc 
genes [cellular proto oncogenes] are blunt.” It remained, however, a “rea-
sonable guess” that cellular oncogenes had been around for millions of 
years.69 This insight, however, opened up new questions for cell biology. 
While postulating a common ancestral gene brought order to the data 
generated by the hybridization probe, appealing to evolutionary rational-
ity also underscored the importance of showing what function the inactive 
cellular oncogene served in a normal cell’s development or how it might 
be targeted to interrupt the process of cancerous transformation.70 This 
question led molecular biology deeper into questions of cellular develop-
ment in the ensuing decade.

Systems and Serendipity

Science and other American news outlets greeted news of Bishop and 
Varmus’s Nobel Prize in 1989 with enthusiasm, praising their discovery of 
c- src as a first step toward understanding the biochemistry of cancer de-
velopment and cheering that these molecular studies were already “pay-
ing off clinically” to aid in the diagnosis and treatment of cancer.71 Stehelin  
felt differently. Appearing on French television after the announcement 
of the prize, he argued that the Assembly had erred in giving credit to 
Bishop and Varmus. He had carried out the critical experiments revealing 
the oncogene in normal cells, “from A to Z.”72 He was the first author of 
the groundbreaking Nature paper that had appeared in 1976, and Bishop 
and Varmus readily acknowledged his involvement in the central experi-
ments. Disputes over credit for the Nobel Prize were not new, and Stehe-
lin’s complaint echoed that of many “invisible technicians” throughout the 
centuries who felt that their labor went unrecognized.73

Although Stehelin’s protest was not unprecedented, the manner in 
which the scientific press addressed the complaint spoke to the changes 
that the War on Cancer had set in motion within the molecular biology 
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community. In the 1950s it would have been hard to dissociate an individ-
ual researcher from the intellectual work of his or her laboratory, but in 
1989 John Maddox, the editor of Nature, issued the pointed opinion that 
while Stehelin might have been the “main pair of hands behind the ex-
periments,” he would have failed to carry them out “had he been working 
at any other laboratory.” Moreover, Maddox continued, it was very likely 
that these experiments would have “emerged from the Bishop/Varmus 
milieu” even if Stehelin had never traveled to San Francisco.74

Although Maddox used the idea of a milieu to describe the research 
environment at the level of the laboratory, the concept also character-
izes the findings of researchers at work within the infrastructure that the 
administrative approach to cancer viruses created. Following the material 
and social constituents of Bishop and Varmus’s milieu and how it shaped 
their experimental systems shows how the infrastructure for scientific 
work extends far beyond the walls of a laboratory to broader legislative 
debates or administrative decisions. The numerous ways in which this in-
frastructure touched the patterns of work and thought at the Bishop and 
Varmus laboratory makes it hard to imagine how the critical experiments 
could have emerged anywhere else. It provides a counterpoint to the idea, 
advanced by some molecular biologists, that the serendipity of c- src’s dis-
covery was an indictment of the management strategy of the VCP.75

This does not mean that all experimental findings follow from having 
infrastructure in place. Experimental systems often reveal surprising new 
phenomena. Rather than marking an instance of serendipity, however, 
those new moments for investigation are generated by the history of the 
experimental system itself.76 Understanding the milieu of scientific work 
draws our attention to not only the ideas but also the infrastructure that 
facilitated the “empirical roaming around” that produced the discovery 
of c- src.77 That capacity to roam should be understood as a generative fea-
ture that links the infrastructure of big science to the epistemic things pro-
duced by particular experimental systems. As molecular biologists united 
around the idea of the serendipitous turn toward cellular oncogenes in the 
1980s, the remnants of the NCI’s infrastructure continued to play a vital 
role in preserving their political fortunes and producing excitement for 
the future of molecular medicine amid growing dissatisfaction with the 
War on Cancer.
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Momentum for Molecular Medicine

Even as molecular biologists greeted new developments in retrovirol-
ogy with excitement, public enthusiasm for the War on Cancer gave 

way to frustration. Rates of cancer incidence continued to climb, and the 
proportion of persons with cancer cured by chemotherapy, surgery, or ra-
diation remained obstinately low. Raised public expectations for progress 
meant that the lack of improvement invited intense disillusionment with 
the federal government’s campaign against cancer. The outgoing direc-
tor of the Food and Drug Administration dubbed the War on Cancer “a 
medical Vietnam.”1 Nor did advances in molecular biology seem promis-
ing. The prominent breast cancer activist Rose Kushner traveled to the 
National Cancer Institute in the mid- 1970s with “high hopes that a vac-
cination against breast cancer was imminent . . . or, at least, that a major 
breakthrough was expected any day- dawn. . . . Instead, I . . . learned that 
cancer may be nature’s own solution to the population explosion. An in-
born, suicidal oncogene!”2 Many biologists were also critical of the bio-
medical approach to the cancer problem. Accepting his Nobel Prize for 
the discovery of reverse transcriptase in December 1975, Howard Temin 
pointedly reminded his audience that if they were truly concerned about 
rising cancer rates, their efforts would be better spent combating smoking 
rather than studying cancer viruses in the laboratory: “Our work has not 
yet led to prevention or curing of human cancer.”3

Most accounts of the War on Cancer have emphasized the hope and 
excitement that contributed to the “boom” in cancer research. There 
has been less attention to how the biomedical institutions and communi-
ties created by this investment weathered the period of disillusionment, 
or “bust,” that followed.4 Although cancer specialists and biologists had 
been circumspect about the possibility of rapid progress against cancer 
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from the outset, many feared that popular criticism of cancer research 
demonstrated that taxpayers were becoming less deferential to the au-
thority of scientists to set their own research priorities.5 Between 1976 
and 1978, the annual budget for the NCI peaked, ushering in a generation 
of declining or static funding levels. The political consensus on behalf of 
federally funded biomedical research appeared to be waning. “A whole 
generation of scientists” had “literally grown up with generous govern-
ment programs,” but they would soon need to live with “cutbacks” in the 
budget, the chief science adviser of the incoming Reagan Administration 
warned in 1981.6

Indeed, the criticism aimed at the War on Cancer threatened to un-
dermine large parts of the biomedical settlement— pushing federal atten-
tion toward preventive research and epidemiology rather than laboratory 
biology. Molecular biologists, who had found the resources of the War 
on Cancer an essential part of their migration into exciting new areas of 
research, faced the prospect that declining funding and competition from 
other areas of clinical or environmental cancer research would halt the 
expansion of their field.7 However, at this moment of peril, a “crescendo” 
of new discoveries in the field of oncogene research salvaged the political 
and cultural reputation of the biomedical approach to cancer and opened 
new frontiers for molecular therapies.8 Starting with J. Michael Bishop 
and Harold Varmus’s hypothesis of a cellular oncogene in 1976 and end-
ing with the proposal of the first tumor- suppressing gene in 1986, a series 
of discoveries and conformations helped refashion cancer virology and 
cancer genetics into endeavors that promised both a fundamental under-
standing of cancer and a means of producing therapeutic advances.9

In this chapter, I lay out how the infrastructure of the Virus Cancer 
Program and the War on Cancer played a crucial role in fostering the rise 
of the molecular genetics of cancer and cellular development during the 
1980s, a decisive moment in the “molecularization” of biology and medi-
cine as a whole. In addition to its considerable social and technical contri-
butions to the “oncogene paradigm,” the infrastructure of the VCP pro-
vided advocates of molecularization with a resource that would have been 
difficult for them to obtain in any other way: a sense that insights from 
the molecular approach to cancer were arriving at an accelerating rate. 
The momentum that the VCP’s infrastructure lent to molecular studies 
of cancer provided a necessary political resource as molecular biologists 
and administrators sought to deflect other approaches to the cancer prob-
lem proposed by groups disappointed by the War on Cancer, including 
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environmental activists, labor leaders, and physicians. Oncogenes pro-
vided scientists and administrators with both a therapeutically appeal-
ing target and a solution to persistent problems that molecular biology 
had faced in applying its theories to explain the behavior and growth of 
cells.10 Although the frustrations of the War on Cancer produced a mo-
ment when the biomedical settlement might have been opened to admit 
a broader range of solutions to the cancer problem, the rapid pace of mo-
lecularization drew attention back within the laboratory and deeper into 
the cell.

The Environmentalist Challenge

Like the Vietnam War and the War on Poverty, the War on Cancer, as 
its aims became frustrated, left many cynical regarding the government’s 
capacity to protect or advance national health. The outgoing president of 
the Memorial Sloan Kettering Cancer Center hoped that amid “public 
disillusionment and discouragement over government and its works,” the 
National Institutes of Health could continue to provide a beacon for fed-
eral efforts to advance “human betterment.”11 Yet the NCI’s own statis-
tics revealed that the overall death rate from cancer remained stubbornly 
constant. Critics charged that the leadership of the NCI not only focused  
on the wrong aspects of the cancer problem but also failed to meet the chal-
lenge on terms they had defined for themselves. Although many biomed-
ical experts sought to distance themselves from the promises made by ad-
vocates of the War on Cancer, this sense of disappointment shadowed 
can cer policy discussions in the late 1970s.12

Although making cancer policy a matter of democratic concern at the 
start of the War on Cancer had originally strengthened Lasker’s political 
position, it also created further opportunities for popular movements out-
side of the biomedical settlement to seek a voice in cancer policy. Early 
in the 1970s, civil rights groups had drawn attention to racial disparities 
in cancer care, and the women’s movement had worked to compel the 
NCI to devote more resources to breast cancer screening and treatment.13 
Meanwhile, reforms in the committee structure of Congress and the bud-
get appropriations process allowed more legislators to exercise influence 
and diminished the power of committee leaders, weakening the system of 
congressional alliances that had insulated the work of the American Can-
cer Society and the NCI from public pressure.14 While these new groups 
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offered stinging criticism of the NCI, they still sought to further the insti-
tute’s traditional mission in clinical and biomedical research.

Of the new movements that arose to challenge the NCI, environ-
mentalists offered the most disruptive critique of its operations. Recall-
ing concerns in the early twentieth century that cancer was a “disease of  
civilization” itself, environmentalists suggested that neither the labora-
tory nor the clinic was an appropriate site to grapple with the disease. The  
new environmentalist critique, as it emerged in the 1970s, drew on Rachel 
Carson’s widely read Silent Spring (1962), which had increased aware-
ness of the influence of pesticides and other industrial chemicals in the  
lives of Americans. “We are living in a sea of carcinogens,” Carson wrote.15 
Environmentalists feared that humans had become “caged canar[ies], 
who, through illness, heral[ded] the presence of highly toxic chemicals.”16 
This perspective suggested that neither experimental inquiry nor treat-
ment would alleviate the rising rate of cancer in the United States. In-
stead, the federal government should take a more active role in regulat-
ing carcinogens in the environment. Concern over exposures to harmful 
chemicals, including carcinogens, became part of the responsibility of new 
agencies such as the Environmental Protection Agency and the Occu-
pational Safety and Health Administration, both of which were estab-
lished during the Nixon Administration just before the start of the War  
on Cancer.17

These views were cogently summarized by Samuel Epstein, an envi-
ronmental and occupational health specialist at the University of Illinois, 
in his book The Politics of Cancer (1978). Epstein made the claim, based 
on his analysis of data from the Occupational Health and Safety Admin-
istration, that 20 to 40 percent of cancers were attributable to a handful 
of industrial chemicals. Alongside reducing harmful individual behaviors 
such as smoking, regulating these chemicals and identifying other chemi-
cal carcinogens marked the most important line of research against the 
cancer problem. Members of the NCI disputed Epstein’s statistics, but 
his message resonated with labor groups and their allies in Congress, 
who later that year directed the Department of Health, Education, and 
Welfare to publish a list of suspected carcinogens and the risk of human 
exposure to each compound, with the eventual aim of regulating those 
risks.18 Actions by states such as California suggested what this new kind 
of prevention might look like— several years later its voters approved 
Proposition 65, which required that warnings be posted about potentially 
carcinogenic substances wherever they might appear.19

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



figure 10.1. Proposition 65, passed by the state of California in 1986, required the posting 
of public notices about potential carcinogens. This requirement reflected the environmental-
ist view that the cancer problem was best dealt with as a matter of chemical exposure, not 
through biomedical research. Photo by author.
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Whereas molecular biologists had attacked the NCI’s authority to man-
age research without questioning its biomedical emphasis, Epstein at-
tacked the premise of laboratory- based cancer research itself. Molecular 
biologists were rudely surprised to find the Zinder Report represented as an  
indictment of experimental cancer research overall. The report, Epstein 
argued, did not prove the benefits of peer- reviewed research, but instead 
showed that biological research sponsored by the NCI was both “profes-
sionally self- serving” and “of little merit or relevance” to the aims of the 
National Cancer Program. Most of the “basic cancer research” sponsored 
by the NCI, Epstein stressed, appeared “irrelevant to cancer treatment 
or cancer prevention.” This line of research should not be supported by 
the NCI, Epstein concluded, especially when such a large proportion of 
cancers might be explained by exposure to carcinogens in the workplace 
rather than by molecular mechanisms.20 Two economists argued that 
screening for potential carcinogens would cost a “tiny fraction” of the 
funds expended “chasing apparently nonexisting viruses.”21

For some within the NCI, the focus on environmental carcinogenesis 
was long overdue. The associate director of the NCI’s chemical carcino-
genesis program had resigned in 1976, leaving a scathing message regard-
ing the lack of support offered to the screening program for carcinogens: 
“I cannot accept any longer a situation which . . . deprives the regulatory 
agencies . . . of data of urgent public health value: it is people who are now 
exposed to toxic agents and who are not protected because the necessary 
support was not provided in time.”22 Others were less enthusiastic. An 
NCI staff member groused, “We spent $6 million to see if workers in steel 
factories at coke- ovens have more lung cancer than expected. 15 were 
found versus 1.5 expected. Is that worth $6 million[?]” David Baltimore 
cautioned that “unnecessary hysteria about general environmental expo-
sures” might involve the NCI in “targeted work” that could “taint the 
mission of the NCI.”23

Reviewing the progress of the War on Cancer in 1979, Epstein drew on 
this general sense of disenchantment and concern when he criticized both 
the management and the emphasis of the National Cancer Program: “We 
now have abundant evidence that there has been a failure in terms of im-
provement of overall survival rates. On the other hand, we have abundant 
evidence on how to prevent cancer, but we are not implementing this for 
a wide range of reasons, economic, political, and lack of research efforts 
by the National Cancer Institute.” “I would like to see,” Epstein contin-
ued, “a decrease in emphasis in virology and basic research programs, 

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



210 chapter ten

unless clearly related to prevention programs.”24 Compared to prevention  
through the regulation of chemical exposures, the promise of a cancer vac-
cine appeared a distant prospect.

The End of the War on Cancer

In the midst of this brewing controversy, the leadership of the NCI changed 
dramatically. Since 1960, the directors of the NCI— Kenneth Endicott, 
Carl Baker, and Frank Rauscher— had all shared a strong presumption in 
favor of biomedical research. Baker and Rauscher were especially involved 
with the VCP. However, Rauscher, a Nixon appointee, departed soon after 
the Democrats regained the White House in 1976. To replace Rauscher, a 
microbiologist, President Jimmy Carter installed Arthur Upton, from New 
York University. Upton had trained as a pathologist but had shifted into 
radiation biology after working at Oak Ridge National Laboratory, a ma-
jor Atomic Energy Commission laboratory in Tennessee. There, he was 
involved in debates over the existence of a threshold for harmful radiation 
exposure. Upton’s views were doubly threatening to the VCP— he favored 
peer review over contracts and environmental car cinogenesis research over 
laboratory biology.25

Upton’s emphasis on environmental carcinogens was aligned with the 
interests of important Democratic party constituencies, such as environ-
mental advocates and labor groups concerned about occupational carci-
nogenesis.26 He closed the VCP in 1978, moving its operations into the 
Division of Cancer Cause and Prevention; the broader name signaled a 
concern for environmental carcinogenesis.27 This shift reduced resources 
for cancer virology. The new division cut some of the VCP’s most ambi-
tious efforts to provide materials and resources to working scientists and 
reduced the NCI’s reliance on space rented from contractors in the Wash-
ington, DC, area.28

As much as Upton’s decision to disband the VCP might have pleased 
the academic molecular biologists who had criticized the encroachment of 
the contract mechanism, it augured a more general shift in NCI spending 
from biological to clinical and environmental research. The retrenchment 
of biological research threatened much more than virus studies. Com-
pared to other branches of the NIH, the NCI’s budget sustained a plural-
ity of the inquiries by molecular biologists into higher organisms. Major 
centers of this research, such as Cold Spring Harbor Laboratory, derived  
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a considerable amount of their annual budget from NCI support, much  
of it related to cancer viruses. At Cold Spring Harbor in the late 1970s, for 
example, many of the laboratory’s operations were supported by a cancer 
research center grant from the NCI. The funding for tumor virus research 
in that grant alone exceeded scientists’ grant support from any other part 
of the NIH. The NCI also provided funding at some level for most active 
retrovirus and tumor virus researchers at sites such as the University of 
California, San Francisco, the Salk Institute, the MD Anderson Cancer 
Center, Sloan- Kettering Institute, Harvard, MIT, and Columbia.29 This re-
liance was even higher than formal budgets suggested, since the NCI often  
redistributed money from its annual appropriation to make up for short-
falls in other branches of the NIH.30

Retrenchment of federal funding renewed fears that academic biomedi-
cal research faced a crisis of political and professional identity. Speaking on  
behalf of a group that called itself the “Delegation for Basic Biomedical  
Re search,” the president of the Worcester Institute for Experimental Biol-
ogy wrote to Upton protesting that proposed changes only gave the “appear-
ance” of greater NCI support for “basic biological research” while trans-
ferring control over grants into more “clinical hands.” Upton’s leadership 
of the NCI risked widening the “philosophical gulf between those who see 
the NCI as a force to encourage bright and imaginative young scientists 
to work on their best ideas and those who see it as directing a network 
of bureaucrat- generated, patient oriented, targeted ‘relevant’ activities. . . . 
When knowledge is inadequate, as it certainly is in the case of cancer, we 
must make the best possible use of the mechanisms for encouraging cre-
ative science: the investigator- initiated grant and peer review.”31

The start of the Reagan Administration might have been expected to 
revive the fortunes of biomedical research at the NCI. Ronald Reagan 
was critical of environmental regulation and, by extension, investment in 
environmental carcinogenesis research. The political benefits of focus-
ing on molecules or viruses rather than on the possible environmental 
hazards created by business were clear.32 Indeed, the American Business 
Cancer Research Foundation, established in 1975 and funded largely by 
the chemical industry, embraced the idea of fundamental “basic research 
on the underlying mechanism of carcinogenesis” rather than prevention 
efforts.33 However, as helpful as laboratory research into cancer might 
have been to the conservative movement as a foil to calls for environ-
mental regulation, the Reagan Administration saw supporting biomed-
ical research as a distant priority after its renewed focus on increasing 
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military spending, cutting taxes, and reducing the overall size of the fed-
eral government.34

The Reagan Administration also indicated that it was prepared to de-
emphasize biomedical research in favor of clinical approaches to cancer. 
Its first appointees to the National Cancer Advisory Board shifted the 
balance among clinical, lay, and “basic science” members away from sci-
entists. A group of biomedical researchers warned their colleagues that 
the changing mission of the NCI would have a “direct and deleterious 
effect on American scientific programs.”35 Watson warned that at Cold 
Spring Harbor Laboratory, “the increasingly tight federal funding situa-
tion” threatened the molecular biology community’s ability to work at its 
rapid “past pace.”36 The president of the National Academy of Sciences 
foresaw that the “problems of the economy” and the “President’s Bud-
get” would do “irreversible damage unless longer term research . . . is pro-
tected.” The molecular biologist and cancer researcher Arthur Pardee, 
best known for his work on how messenger RNA aided protein synthesis, 
worried that the rising cost of biological research, the increasing number 
of scientists competing for grants, and the rising fraction of indirect costs 
charged by universities to the NIH were “squeezing” the money left for 
“actual research.” Pardee emphasized: “Again and again basic science has 
led to products . . . which more than pay for the costs of all research as well 
as eliminating suffering and grief.”37

In the face of these darkening political circumstances, molecular biolo-
gists had little basis to claim that their work would produce new therapeu-
tic insights into human cancer. The potential for a human cancer vaccine 
seemed diminished, and the search for cellular oncogenes did not appear 
to illuminate potential cancer therapies. Although the identification of 
the cellular src oncogene at Bishop and Varmus’s laboratory had sug-
gested that cancer was rooted in the cellular genome, these results did 
not immediately suggest a new way of understanding cancer as a whole. 
The process by which Bishop and Varmus had identified and isolated src 
depended on particular properties of Rous Sarcoma Virus, a set of prop-
erties that not all retroviruses possessed. Temin noted that the strains 
of RSV used in these studies were not “natural.” “RSV is a laboratory 
creature,” he warned, “passaged and preserved by virologists.”38 Despite 
the confident pronouncement by some molecular biologists that what was 
true for E. coli was true for elephants, a review of the expression of retro-
virus genes in The Molecular Biology of Tumor Viruses (1973) urged that 
virologists “should be extremely cautious” as they sought “to extrapolate 
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from one species to another; what holds for mice does not hold for chick-
ens and may well not hold for man.”39

Recycled Infrastructure and the Acceleration  
of Oncogene Research

In the early 1980s, centers of molecular biology research across the United 
States announced discoveries illuminating the molecular mechanisms of 
carcinogenesis, dramatically reviving the hope that investigations of the 
fundamental biology of cancer cells would produce medical advances. For 
many observers the intellectual content of these discoveries was significant  
enough, but the rapid arrival of the new discoveries and their extrapolation to  
new biological problems also profoundly contributed to a sense of renewed 
possibility. These announcements, taken together, were a key moment in  
the extension of molecular biology into higher organisms, part of a process 
in which molecular methods became the norm rather than the exception  
for explanations of cellular development.

The development of the “oncogene paradigm” contains more actors 
and ideas than this final chapter can cover, so I will focus on two critical 
moments in its articulation. The first, in 1982, was the identification of the 
first oncogene associated with a human cancer and its association with a 
retroviral oncogene, ras. This discovery suggested that all cancers might 
be triggered by a limited set of genes shared across species. The second, in 
1983, was the identification of the function of a protein associated with an 
oncogene— an “oncoprotein.” Identifying the function of oncoproteins 
suggested that it might be possible to interfere with the process of car-
cinogenesis directly, raising hope for new therapies for cancer.40 These 
two moments highlight how the social and material infrastructure of the 
War on Cancer gave these discoveries momentum, producing a sense of 
acceleration and a renewed climate of anticipation surrounding further 
research into the molecular nature of cancer.

The identification of the first human oncogene, and its association with 
an existing retroviral oncogene, ras, gave molecular biologists a means 
of rapidly transferring to cellular development the knowledge they had 
assembled with the VCP’s assistance, thus reaffirming the idea that labo-
ratory studies would yield therapeutic payoffs. In the 1970s the VCP had 
sponsored the activities of numerous research groups seeking to under-
stand the genetics of tumor viruses, retroviruses in particular. At first, 

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



214 chapter ten

however, these other researchers did not have a means of following in  
the footsteps of Bishop and Varmus’s discovery of cellular src. Bishop and 
Varmus had depended on a unique collection of temperature- sensitive 
RSV mutants, whereas other virologists were not so fortunate.

The career of a virologist at the NCI, Edward Scolnick, who eventually 
isolated the retroviral version of the ras oncogene, highlights the chal-
lenges that other researchers faced. Like Varmus and Bishop, Scolnick 
entered the NIH as a way to avoid the Vietnam draft. There, he received 
training in molecular biology at the National Heart Institute. Huebner 
and Todaro recruited Scolnick into the staff of the NCI’s Laboratory of 
Viral Leukemia and Lymphoma.41 Following Todaro’s interest in mouse 
retroviruses, Scolnick collaborated with Peter Duesberg to map the ge-
nomes of several mouse and rat retroviruses. His laboratory succeeded 
in creating DNA hybridization probes for “sarcogenes” in cells a year 
before the Bishop and Varmus laboratory developed their src probe.42

As laborious as preparing the src probe was in San Francisco, Scol-
nick’s efforts in Virginia were even more difficult. Scolnick’s research 
plan required the time- consuming step of growing and “rescuing” differ-
ent strains of viruses in mouse cells in an effort to isolate a transforming 
retroviral gene.43 Nevertheless, Scolnick was undeterred. Because he was 
situated in the heart of the NCI at the height of the War on Cancer, re-
sources were never lacking. For years, he oversaw a large group of techni-
cians working in a contract facility that aimed to clone a viral oncogene by 
growing different variants of the mouse virus in different cell lines. This 
work was so painstaking and difficult that his laboratory staff threatened 
to resign. Frustrated himself, Scolnick left to work for a pharmaceutical 
company, Merck, in 1981.44

Recombinant DNA, a new technique that allowed biologists to copy, or 
“clone,” fragments of DNA from many different organisms using E. coli 
bacteria and restriction enzymes, would have accelerated Scolnick’s work 
dramatically, but it was unavailable to his laboratory because of fierce 
debates in the mid- 1970s about its safety.45 After the development of the 
technique in 1972, many worried that DNA from cancer viruses might 
be spliced into a microorganism capable of infecting humans, reviving 
fears of contagious cancer. This concern was so deep that the NIH placed 
severe restrictions on the use of the technique by any institution that 
received its support— effectively restricting the practice at every major 
center of academic biology in the United States. Researchers employing  
recombinant DNA had to work in expensive biohazard laboratories that 
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few universities could afford to build. Avenues for producing potential on-
cogenes on a large scale were thus limited to the laborious culture of retro-
viruses until 1979, when the NIH eased its restrictions. It was not until the  
early 1980s that NIH restrictions relaxed enough to make the use of recom-
binant DNA to clone genes commonplace.46

Given these regulations, molecular biologists sought ways of identifying 
oncogenes that did not depend upon the right combination of viral mu-
tants. This attempt presented a challenge, however. Molecular biologists 
were accustomed to studying the behavior of bacterial genes by substitut-
ing new genes into new populations. Given that bacteria routinely swapped 
fragments of DNA, this was not a difficult step. Eukaryotic cells, such as 
those in animals, were a different case. Tumor viruses had inspired enthu-
siasm precisely because they offered the only means by which genes could 
be inserted into animal cells. By the late 1970s, however, a new method— 
transfection— allowed molecular biologists to chemically treat eukaryotic 
cells so that they would accept DNA fragments.47 Several researchers started 
to develop tests for oncogenic DNA that used this technique to directly 
place DNA into cultured cells independent of infection. However, these 
tests, like the design of hybridization probes, could be used with different 
aims in mind. Some saw the new test chiefly as a way of hunting for retroviral 
oncogenes, whereas others saw it as a means of looking for oncogenes unas-
sociated with viruses.48

A new assistant professor at the MIT Center for Cancer Research, 
Robert Weinberg, was one of the molecular biologists who sought to use 
transfection as a tool for identifying oncogenes without recourse to viruses. 
Under the leadership of the Nobel Prize– winning phage geneticist Salvador 
Luria, the center received generous support from the NCI to explore the 
molecular biology of cancer. It had been at the dedication of the center 
that Watson had chosen to level some of his most forceful criticisms at 
the medical aims of the War on Cancer.49 After studying tumor viruses at 
the Salk Institute, Weinberg was not interested in trying to replicate the 
manipulations of retroviral mutants that had yielded the src probe when 
he arrived at MIT in the mid- 1970s.50

Weinberg and others understood that the combination of transfection 
and other new techniques opened up a new way of studying the behav-
ior of genes in cells. The first of those techniques was the use of restric-
tion enzymes isolated from bacteria, which cut DNA chains at specific 
points.51 These enzymes allowed an experimenter to break the DNA of a  
cell into fragments, which could be sorted by size using biochemical methods 
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such as gel electrophoresis. After the sorting, the transfection test, if per-
formed with appropriately sensitive mouse cells, could be used to determine 
whether any of the gene fragments prompted cancerous growth.52 In the 
late 1970s, Weinberg used this test to look for proof of oncogenes in cells 
transformed by chemical carcinogens. Weinberg suspected that the DNA of 
the transformed cells contained new oncogenes unrelated to the viral onco-
genes that had been studied before.53

The transfection test, as these researchers first used it, produced con-
tradictory results. Weinberg found cancer- associated gene fragments in 
mutated cells, and other investigators found similar fragments in normal 
cells.54 Later work resolved this paradox by suggesting that there were 
two kinds of oncogenes— tumor- promoting genes and tumor- suppressing 
genes— but this development took several years to emerge.55 Even if the 
results of the transfection test could be reconciled, the identity of the DNA 
fragments remained unknown: Weinberg and others did not know whether 
each fragment was unique or whether a limited set of fragments existed. 
Laboratories using the test lacked the resources to produce fragments on a 
scale large enough for further comparison.56 Such problems be came more 
acute as Weinberg and others turned their attention to iden tifying onco-
genes in human cancers.57

Molecular biologists using the transfection technique might have labored  
for several years without agreeing on the number or character of the  
oncogenes they discovered, but the social and material infrastructure of 
retrovirus studies allowed them to quickly reach agreement on the power-
ful theory that cancer emerged from a limited number of oncogenes. By 
the late 1970s, retrovirologists had cataloged fourteen oncogenes in addi-
tion to src from viruses infecting chickens, rats, mice, cats, and primates. 
So many strains of retroviruses emerged that the Retrovirus Study Group  
of the International Committee on Taxonomy of Viruses formed a spe-
cial committee to standardize nomenclature, to avoid the problem of  
the “uses of identical names for genes of unrelated sequence and func-
tion.” The International Committee’s membership— which included Wein-
berg and Scolnick— presaged the union of retrovirology and cell biol-
ogy: many of its members were VCP- sponsored retrovirologists.58 The  
library of retroviral oncogene probes assembled during the 1970s signifi-
cantly accelerated the identification of cellular oncogenes using the trans-
fection assay.

In 1982 Weinberg used the transfection technique to isolate a carci-
nogenic gene from a human bladder cancer tissue specimen. To classify 
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this potential oncogene, Weinberg’s laboratory was able to summon an ex-
tensive number of DNA hybridization probes initially developed by Scol-
nick and other researchers affiliated with the vestiges of the VCP. Although 
Scolnick had already moved to Merck when Weinberg contacted him about 
his work with ras, he was still able to send Weinberg probes he had de-
veloped while at the NCI.59 With probes from Scolnick and from Bishop 
and George Vande Woude, a virologist at the NCI, Weinberg was able to 
quickly establish that the gene he had isolated from a human bladder can-
cer cell line was identical to the v- ras oncogene Scolnick had isolated from a 
mouse sarcoma virus. Ras was the first human oncogene identified.60

The infrastructure of the NCI soon revealed other potential human on-
cogenes. The creation of libraries of oncogene clones required recombi-
nant DNA, and the NCI was one of the few places where the manufacture 
of retroviral oncogene probes had continued on a large scale during the 
years that this technology was restricted.61 Vande Woude, working at the 
Frederick Cancer Research Facility, the group of biological warfare re-
search facilities converted for cancer research by President Nixon, identi-
fied a similarity between human DNA and the v- mos oncogene of another 
murine sarcoma virus.62 Another set of researchers announced that they 
had identified several human oncogenes simply by testing tumors already 
collected for other purposes with probes for retroviral oncogenes devel-
oped in another laboratory at the NCI.63 Nature acknowledged the last-
ing legacy of these retroviral oncogenes for the investigation of cellular 
oncogenes, commissioning a series of reports tracing the discovery of cel-
lular oncogenes in relation to their retroviral cousins.64 As Weinberg re-
called, the retrovirus research that “had seemed to be nothing more than 
a stamp- collecting . . . mindless cataloging” activity to critics in molecular 
biology now served as a vital resource for cellular oncogene studies.65

Thanks to these collections, the first human oncogene emerged not as 
an isolated finding but as the first of a rapid volley of publications. Nature 
relaxed its normal process of peer review to keep its readers appraised of 
these announcements.66 The speed of the discoveries fostered the idea that 
a limited number of oncogenes were active across all species. In one of the 
numerous publications that sprang up to disseminate work in the rapidly 
emerging field, the editors of Oncogenes wrote: “Once it was understood 
that such unique oncogene(s) could be harbored by retroviruses, there was 
a movement en masse back to the laboratory freezer to recover many ‘trea-
sures’ that had been stocked away in prior years (dating back, in several in-
stances, more than half a century).” The success of the oncogene endeavor 
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was due to the “faithful investigators” who had remained “much more con-
vinced than many of their colleagues that these treasures would prove to be 
of extreme importance to the cancer research community.”67

Oncoproteins and the Therapeutic Promise of  
Molecular Medicine

Despite the excitement created by using the transfection assay to iden-
tify human oncogenes, advocates of a molecular approach to cancer still 
lacked a sense of the biochemical processes through which these genes 

figure 10.2. This cartoon, created for a meeting at Cold Spring Harbor Laboratory in 1983, 
illustrates the conceptual realignment posited by the cellular oncogene and some of the com-
munity that participated in it. Retroviruses were not the agents of carcinogenesis; they were 
the unwitting by- products of contact with cellular oncogenes. The cartoon also testifies to the 
importance of retrovirus research to the study of cellular oncogenes. The retrovirus research-
ers, represented by the animals whose retroviruses they studied, are (left to right) Harold 
Varmus, J. Michael Bishop, Charles Sherr (NCI), David Baltimore (MIT), Edward Scolnick 
(NCI and Merck), Robert Weinberg (MIT), Stuart Aaronson (NCI), Inder Verma (Salk In-
stitute), and George Vande Woude (NCI– Frederick). Ed Scolnick and Robert Weinberg are 
holding their own tails in reference to Weinberg’s having erroneously announced the dis-
covery of a new cellular oncogene that was in fact the same as the ras oncogene isolated by 
Scolnick. Illustration by Jamie Simon, reproduced by courtesy of Jamie Simon.
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gave rise to cancer. As Weinberg mused in a 1983 article explaining on-
cogenes in Scientific American, “the finding of a precisely defined mo-
lecular alteration in one such gene” left “the most difficult problems” still 
to be resolved: “What is the function of an oncogene?”68 Oncoproteins 
provided the biochemical link between a given gene and the physiological 
processes that produced cancer. While the idea of gene therapy was only 
a distant prospect, proteins could be targeted by immunological methods, 
suggesting an immediate avenue for treating cancer. Given these difficul-
ties, great excitement greeted two teams of researchers in 1983 when they 
announced that amino acid sequencing of vsis, a retroviral oncoprotein, 
showed that it matched a growth- promoting protein isolated from blood 
platelets. Both of their papers revealed a close connection to the work of 
Stuart Aaronson, a former virus researcher at the NCI.

The realm of protein chemistry was apparently far from the world of 
viruses, but the study of vsis also drew on the accumulated efforts of the 
VCP. The NCI had taken an intense interest in oncoproteins since the 
mid- 1960s as a corollary to its study of viruses. In the early 1960s, Hueb-
ner and others focused on the use of cancer virus protein products, or an-
tigens, as a means of detecting hidden infections by tumor viruses such as 
Simian Virus 40 (SV- 40). Before it was possible to manipulate viral RNA 
using reverse transcriptase, using antibodies to search for virally associ-
ated proteins was one of the best techniques for establishing that a cell had 
been infected by a retrovirus. Huebner’s faith that “latent” infections by 
type- C RNA tumor viruses were an important mechanism of carcinogen-
esis magnified the importance of this task. Moreover, the NCI invested 
heavily in the prospect of blocking proteins associated with cancer viruses 
as a hypothetical pathway for preventing retroviral oncogene infection 
from causing cancer.69

Aaronson’s career illustrates how the War on Cancer accelerated the 
identification of oncoproteins. Like Varmus, Bishop, and Scolnick, Aar-
onson arrived at the NCI in 1967 as a physician seeking to fulfill the terms 
of the Vietnam draft through biomedical research. Initially, he worked 
with George Todaro on SV- 40, a DNA- based tumor virus, in a contract 
facility run by Meloy Laboratories, where he sought to develop a test to 
gauge the susceptibility of human cell cultures to infection with SV- 40. 
This work made use of the immunological tests for the “T- antigen,” a viral 
protein product associated with SV- 40.70 Aaronson gained a permanent 
post at the NCI in the Viral Carcinogenesis Branch in 1971. He therefore 
had a ringside seat for the NCI’s expansion, serving on the Virus Cancer 
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Program Coordinating Committee and acting as a supervising project  
officer for several VCP contractors focused on tasks such as collecting 
leukemia and lymphoma tissue for screening at the University of Michi-
gan, creating standard cell cultures at Stanford University, and growing 
retroviruses on a large scale at Electro- Nucleonics.71

Promoted to director of the Molecular Biology and Viral Genetics Sec-
tion of the NCI Laboratory of RNA Tumor Viruses, Aaronson continued 
research along the lines suggested by Huebner and Todaro’s oncogene 
theory. If cancer could arise from oncogenes hidden in human cells, then 
it would be useful to have a means of detecting them. By analogy with  
SV- 40’s T- antigen, Aaronson speculated that latent infections might dis-
play a distinct immunological signature. Toward that end, he supervised 
the wide- ranging search for proteins that might be immunologically asso-
ciated with the presence of retroviruses in the tissues of primate species. If  
those efforts succeeded, Aaronson and his colleagues envisioned prevent-
ing cancer by targeting the proteins of viral oncogenes, thus resolving the 
challenge of how to prevent cancer caused by latent viral infections.72

With the support of the VCP, the number of identified retroviral pro-
teins briskly increased. As with many other scientific fields, a clear sign of 
the rate of expansion of oncoprotein research was the need for the differ-
ent members of the community to meet and attempt to establish shared  
conventions for naming and classifying retroviral proteins. Without such 
coordination, researchers working in far- flung laboratories were able to 
discuss their work only with difficulty.73 National coordination of this type 
was precisely the kind of social infrastructure that the VCP sought to pro-
mote.74 In the late 1970s it sponsored further meetings with the aim of 
standardizing names and distributing rare antibodies and proteins among 
contractors and academic laboratories. At the NCI, Aaronson sat at the 
center of a distribution network of immunological probes for the iden-
tification of retroviral proteins and the provision of oncoproteins them-
selves to laboratories that lacked the capacity to produce these proteins 
in sufficient quantities for their own research work.75 Despite the demise 
of the VCP, Aaronson continued his study of oncoproteins as director 
of the Laboratory of Cellular and Molecular Biology, overseeing a large 
team investigating the biochemical and genetic basis of transformation by 
RNA and DNA tumor viruses, particularly the protein products of these 
different viral oncogenes.76

The stockpiles of purified retroviral proteins accumulated by the NCI 
proved vitally important when it came to the study of the oncoproteins 
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associated with cellular oncogenes. Such studies relied on possessing a 
large enough quantity of oncoproteins for biochemical analysis, which 
was often far more than an individual laboratory could easily produce. 
Theoretically, recombinant DNA technology offered an easier avenue 
for producing oncoproteins, but in practice Aaronson and others contin-
ued to rely on purified proteins, since the process of using host organ-
isms to assemble recombinant oncoproteins left unanswered too many  
questions about their biological function relative to the original onco-
protein.77 For this reason, the identification of proteins associated with 
oncogenes often lagged behind the study of genes themselves. The vsis 
oncoprotein had not been isolated even after Aaronson’s group published 
a sequence for the v- sis gene derived from Simian Sarcoma Virus (SSV) 
in 1982.78

Once protein sequencing advanced, the stockpiles of oncoproteins and 
immunological tests that Aaronson and his laboratory had accumulated 
produced an acceleration effect for protein research similar to that pro-
vided to oncogene research by the NCI’s library of oncogene probes. In 
1983 the protein chemist Russell Doolittle at the University of California, 
San Diego and his collaborators announced that they had associated p28, 
the protein product of v- sis, with a protein found in blood platelets that 
acted as a growth promoter. The Aaronson laboratory had carried out 
genetic studies of SSV and immunologically purified the transforming 
protein, allowing Doolittle and other colleagues to carry out their amino 
acid sequence comparison with other proteins in their database.79 A Brit-
ish team working at the Imperial Cancer Research Fund, which shortly 
thereafter confirmed the resemblance, also relied on the proteins isolated 
by Aaronson’s laboratory.80 The nearly simultaneous announcement of 
the findings of two different groups, enabled by their common access to 
the protein itself, lent fresh momentum to the “oncogene race,” according 
to a writer for the Journal of the American Medical Association— a view 
shared by other commentators.81

The association of the v- sis oncoprotein with platelet growth fac-
tor provided an exemplary case for future molecular studies of cancer; a 
commentator for Nature suggested that the further study of oncoproteins  
might also reveal that they could be related to molecules with other func-
tions in the body, resolving the mystery of the evolutionary persistence of on-
cogenes.82 These breakthroughs also suggested avenues for therapy. Seek-
ing to retain its priority over the discovery, the Imperial Cancer Research  
Fund put out a press release forecasting that the discovery of the link 
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between growth factor and the oncogene opened the possibility of drugs 
to block the protein and with it “stop the cancerous growth.” A tabloid 
went further, causing consternation among British cancer researchers by 
promising a “superjab that will cure certain types of cancer” within the 
year.83 Presentations of these discoveries in the United States were no 
less optimistic. Frank Rauscher, the former director of the NCI and then 
president of the ACS, told Newsweek that these insights would allow che-
motherapy to operate with “a rifle rather than a shotgun.”84

Oncogenes and Oncopolitics

The rapid development of the molecular genetics of cancer in the early 
1980s reflected the recycling of the VCP’s social and material resources, 
producing the acceleration of research that Baker and others had hoped 
for, but with a very different target. Watson captured the sense of excite-
ment that these rapid announcements heralded for molecular biology: 
“The pace of our research has thus changed . . . from that of an impatient 
snail to that of an almost uncontrolled tornado.”85 This acceleration pro-
vided advocates of molecular biology with a critical resource just as grow-
ing dissatisfaction with the dividends of molecular biology threatened to 
derail federal support for the further molecularization of research. The 
deputy director of the NCI explained to the House of Representatives 
that with the discovery of human oncogenes, cancer research had passed 
through a “biological revolution” that already promised to bring new tech-
nologies to the “bedside of the cancer patient.” The NCI expected “payoffs  
in the near future.”86

The emerging narrative embraced by the NCI and molecular biologists 
shifted focus from viruses to genes as the key to understanding cancer. 
Whatever criticism it faced from molecular biologists in the mid- 1970s 
over its mission to produce a cancer vaccine, the VCP was a willing part-
ner in this redefinition. In 1977 its administrators greeted the implications 
of oncogene research with the claim “Scientists have completely redefined 
the word ‘virus’ and no longer think of a tumor virus only as a particle that 
enters a host cell and causes disease, a particle that can be inactivated and 
turned into a protective vaccine.” Therefore, “cancer causation no longer 
conforms to old concepts of infection and disease. . . . Finding an infec-
tious human cancer virus is no longer necessary to study the role of viral 
genes in human oncogenesis.”87
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Academic cancer virologists also embraced this shift as a means of re-
deeming studies of cancer in the laboratory. In 1981 Bishop spent a year 
as a traveling lecturer on behalf of the ACS, discussing his research into 
viruses and oncogenes. He summarized the theme of these lectures for 
the readership of the Scientific American, noting that the discovery of on-
cogenes “heralded a major realignment of experimental cancer research 
from the search for mechanisms outside the cell responsible for carcino-
genesis to mechanisms within.” This transition, Bishop wrote, ironically 
arose from the study of viruses as possible external agents of cancer: “Tu-
mor virology has survived its failure to find abundant viral agents of human 
cancer. The issue now is . . . how much can be learned from tumor virology 
about the mechanisms by which human tumors arrived.” Bishop explained 
that his study of RSV showed how “the study of viruses far removed from 
human concerns has brought to light powerful tools for the study of human 
disease.”88

Furthering the idea of a smooth transition from viruses to genes, the 
1982 Lasker Prizes honored five scientists deeply involved in retrovirol-
ogy and cancer genetics. The Albert and Mary Lasker Foundation had es-
tablished the prizes in 1945 to recognize “major advances in understand-
ing, diagnosis, treatment, cure, and prevention of human disease,” and 
they also served as a potent resource for its lobbying efforts, spotlighting 
medically promising biological discoveries. At the ceremony, Bishop and 
Varmus were honored for their work designing the c- src probe. Another 
awardee was Ray Erickson, who had isolated the protein produced by the 
src DNA sequence. The prize lauded these researchers for their “revolu-
tionary discoveries . . . which have provided the long- sought link between 
viruses and the development of cancer.”89

The rapid appearance of new findings served to elide molecular bi-
ology researchers’ continuing doubts about the oncogene theory. The 
path between oncogenes and cellular development was paved with nu-
merous uncertainties and open scientific questions. In a bluntly titled 
review for Nature, “Oncogenes: We Still Don’t Understand Cancer,”  
Temin cautioned, “In spite of the dramatic findings of activation of pro to-
oncogenes, transforming DNA, and viruses . . . cancer remains what the  
classical oncologists have always believed it to be— the final product of 
a multi- step process.”90 Duesberg pointed out that oncogene scientists  
could not show by what mechanism individual oncogenes caused cancer. 
Oncogenes, at least in their inactive form, were in fact common in most 
normal cells, raising numerous questions regarding how and why a given 
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“proto- oncogene” gave rise to cancer.91 Harry Rubin observed in a letter  
to Science that “the current rush” to oncogene theories was at best “prema-
ture,” resting on “flaws in experimental design” and “risky assumptions.” 
“We have,” Rubin concluded, “confused advances in molecular biology . . .  
with deepened understanding of the nature of malignancy.”92

Scientific objections did not deter the new leadership of the NCI from 
embracing oncogene research. These doubts certainly mattered less than 
the sense that they might refocus the NCI on biological research using the 
excitement generated by oncogenes. Interest in environmental carcinogen-
esis during the Carter Administration had challenged this focus, but the 
director of the NCI under President Reagan, Vincent DeVita, was keen to 
return to biomedical research.93 He had previously served as director of the 
Treatment Division, which, like the VCP, used contracts on a routine basis. 
DeVita was well acquainted with the legislative intricacies of the NCI and 
the National Cancer Program. He had helped each of the previous two 
directors, Rauscher and then Upton, prepare for their annual testimony 
to Congress, and often had joined them. In the late seventies, Lasker had 
worked closely with him to lobby for increasing the budget of the NCI’s 
chemotherapy programs.94 However, upon becoming director under Presi-
dent Carter, DeVita confronted the erosion of the NCI’s budget and its 
independence. Budgets for the NCI’s grant programs had increased just 
enough to keep pace with inflation, but that increase had required cutting 
support for contracts by nearly one- quarter— chemotherapy and virology 
were especially hard hit. DeVita worried that further cuts to contract re-
search would erode the independence of the NCI.95

Although he had overseen these cuts for the sake of supporting re-
search grants to universities and medical schools in the first two years 
of his tenure as director, DeVita had done so under duress. His aim re-
mained preserving at least a “silhouette” of the more ambitious contract- 
driven National Cancer Program. DeVita did not share molecular biolo-
gists’ suspicion of contracts; in fact, like Baker, he appreciated that they 
gave the NCI leadership a direct say in how money was spent.96 These 
instincts formed the basis of his reorganization of the NCI in 1982. De-
Vita discarded the NCI’s environmental carcinogenesis testing program 
in favor of renewing the institute’s commitment to biomedical research. 
DeVita insisted that the needs of clinical “applied research” would be 
better served by contracts.97

Oncogene research, which promised a unified explanation for cellular 
development and rapid progress toward cancer therapy, helped heal the 
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political rift between the NCI and molecular biology. Supporting research 
into the molecular mechanisms of cancer, DeVita maintained, was “im-
portant if only for its implications in developmental biology. It needs no 
other reason for support or excitement. . . . We are clearly optimists, for 
which no apologies are offered. The danger of overpromise, it seems . . . 
is exceeded by the risk of failure to pursue and apply one of the most 
exciting areas of research that brings molecular biology to the crowded 
bedside of the cancer patient. A good dose of optimism seems about right 
to make a little room.”98 In this new era of “molecular biology,” DeVita 
wrote, the tempo of the transition between “discovery and application 
is shortening, and molecular biology is moving closer to the bedside.”99 
The president of the ACS invoked the possibility that “accelerated fund-
ing in this area of cancer research might speed up the delivery of useful 
clinical strategies. . . . The Special Cancer Virus Program of the National 
Cancer Institute is a prime example of a successful ‘accelerated funding  
program.’ ”100 Even Zinder conceded that the pace of breakthroughs 
might at some point justify another “special program” along the lines of 
the VCP.101

DeVita also invoked the intellectual and medical potential of onco-
gene research when he redefined the mission of the Frederick Cancer 
Research Facility, a prominent icon of the federal government’s war on 
cancer. He and his deputies contemplated the investigation of the Hu-
man T- Cell Lymphoma retrovirus recently discovered by Robert Gallo, 
or using monoclonal antibodies to target cancer, but they settled on onco-
genes as the most promising field of “basic scientific importance,” which 
might also produce “eventual functional spin- offs.” The NCI’s experience 
of constructing a library of oncogenes that few other centers possessed 
provided a useful potential template. The new molecular oncogene ap-
proach would allow the facility to merge its efforts in chemical carcino-
genesis, immunology, and the development of tumors together in a bid 
for “national prominence.”102 The “code word of ‘oncogenes,’ ” the NCI 
decided, provided useful cover for maintaining a broad research program 
in cellular and molecular biology.103

The rehabilitation of the VCP’s legacy after the attacks leveled upon 
it by Watson, Zinder, and others in the molecular biology community 
during the 1970s and its closure in 1978 were essential elements of De-
Vita’s overall effort to shift the NCI’s efforts away from environmental 
cancer studies and toward molecular studies. “The success of oncogene 
research,” DeVita argued, “can be directly traced to support of virus 
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cancer research which began in 1964 and expanded significantly in the 
early 1970s.”104 This forceful conclusion, which underlined the NCI’s ca-
pacity to anticipate areas for further biological advances, emerged out 
of a delicate coordination with Watson, one of the War on Cancer’s most 
prominent scientist- critics. Like many other molecular biologists, Watson 
found the prospect of federal investment shifting from molecular biology 
to clinical or environmental research more threatening than the prospect 
of government intrusion.

In the summer of 1982, just as word of the identification of the human 
ras oncogene appeared, Watson placed DeVita at the center of ceremo-
nies for the dedication of a new building for oncogene research at Cold 
Spring Harbor Laboratory. He timed the ceremonies to coincide with 
the laboratory’s annual conference on RNA tumor viruses, which hosted 
more than four hundred scientists, creating a clear sense of continuity be-
tween cancer virus research and molecular genetics. In his remarks, later 
published as an essay titled “The Governance of Science,” in Cancer Re-
search, DeVita argued that the assistance retroviral oncogenes rendered 

figure 10.3. Frederick Cancer Research Facility, about 1985. Fort Detrick, in Frederick, 
Maryland, was converted from the center of American biological warfare research efforts 
into a facility for cancer research after President Nixon signed the Biological Warfare Con-
vention in 1969. Image courtesy of the National Cancer Institute.
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to the identification of cellular oncogenes in humans was strong evidence 
of how well the VCP had used “the public purse”— a line he borrowed 
from earlier remarks by Watson.105

This emphasis on the links between retroviruses and oncogenes reset 
the antagonistic relationship between the NCI and molecular biologists. 
Underlining the intellectual dividends of virus research allowed the NCI 
to focus on funding cutting- edge biology while also holding out for the 
promise of therapeutic breakthroughs. Watson argued that the number 
of scientists at work on cancer virology “in no way reflected the feeling 
that the cancer problem in any sense was solvable over the short term.” 
Rather, “it reflected . . . a highly intelligent assessment of where the next 
major advances in molecular genetics would lie.”106 Watson praised De-
Vita’s remarks, stating that “younger retrovirologists” were “solidly on  
[DeVita’s] side,” although many would not say so openly for fear of of-
fending the “ ‘have nots’ ” outside of oncogene research who “must remain 
that way” if the NCI wished to test the “brightest ideas” of the field.107

In turn, the NCI’s investment in oncogenes allowed this community to 
grow. During the 1980s and 1990s, the Frederick Cancer Research Facility 
in Maryland joined the Cold Spring Harbor Laboratory to become one of 
the hubs of the new oncogene community. More than one hundred post-
doctoral fellows trained there in molecular biology, and its annual “Onco-
gene Meeting” drew around five hundred molecular biologists to Freder-
ick, marking the meeting as an important site for defining the molecular 
biology community in the late 1980s and 1990s.108 Addressing Congress 
for the first time in 1989, DeVita’s successor claimed that the NCI had 
“made considerable progress” in developing “basic science” and convert-
ing that progress into prevention and treatment— a set of developments 
arising from its heavy investment in molecular approaches.109

Redefining Cancer as a Molecular Problem

Drawn by the productivity of oncogene research and its ability to illu-
minate cell biology, molecular biologists flocked to cancer research. A 
conference convener enthused in 1985: “The ‘advances’ in human cancer 
control in the past 30 years have been minor variations of old themes 
involving little change in our underlying concepts of causes, approaches 
to treatment or, in my own field, of methods and goals of diagnosis.” In 
this light oncogene research was “especially striking and unusual because 
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it is concerned equally with basic molecular biology, animal models, and 
clinical cancer. What have been separate worlds for decades now are seen 
to merge.”110 Weinberg predicted that retroviruses had helped reveal the 
small number of genes that regulated the “molecular basis of . . . trans-
formation.” “The next chapters of the saga,” Weinberg predicted, would 
be the domain of cell physiology and biochemistry, which would finally 
provide a detailed description of the “wiring diagram of the cell.” The tu-
mor virologist Renato Dulbecco endorsed, in Science, early proposals to 
sequence the human genome, suggesting that it might serve as a “turning 
point” in cancer research.111

The events described in this chapter do not exhaust the historical or 
political developments associated with the rise of the oncogene theory, 
but they do give a sense of how the previous infrastructure of the VCP 
helped to produce dramatic changes in the sense of momentum and po-
litical possibility attending molecular approaches to cancer in the early 
1980s. Contrary to the story of serendipity presented by Watson and De-
Vita, the expansion of oncogene research did not come at the expense 
of the study of viral carcinogenesis. Instead, the VCP’s infrastructure 
provided a set of resources that facilitated the emergence of molecular 
genetics even as interest in cancer viruses remained strong.112 The dis-
coveries associated with the “oncogene paradigm” might have eventually 
come about owing to new technologies for manipulating genes unrelated 
to viruses, but the infrastructure of viral oncogene research allowed those 
findings to emerge, gain acceptance, and attract further investment far 
more quickly than they otherwise might have.113 In turn, the rapid tempo 
of the discoveries provided important political and cultural momentum 
for keeping the focus of cancer research squarely on the therapeutic po-
tential of molecular biology, crowding other possible solutions to the can-
cer problem out to the periphery.
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Afterlife, Memory, and Failure in  
Biomedical Research

This book originated in my effort to explore the history of molecu-
lar biology by tracing the development of cancer virus studies in the 

laboratory. But following cancer viruses led me to a far more complex 
story, revealing a rich set of interactions among policymaking, American 
culture, and biomedical science. The multiple nature of cancer viruses as 
cultural, administrative, and scientific objects, which I had initially found 
so confounding, was in fact the source of their broad- ranging influence. 
Although apprehension of cancer as a contagious disease was widespread 
in the early twentieth century, drawing the federal government into the 
effort to develop a human cancer vaccine required both new tools in virol-
ogy and new political alliances. The biomedical settlement’s promise that 
government would confront disease at the bench rather than the bedside 
brought unprecedented resources to the emerging molecular biology com-
munity. However, the same premise also imposed new obligations and ex-
pectations on biologists, obligations that scientists themselves were often 
unwilling to accept. Cancer viruses served as essential tools for the growth 
of molecular biology as well as prominent objects for defining the role that 
the government would play in realizing the therapeutic potential of molec-
ular medicine. The infrastructure built to investigate cancer viruses in the 
1960s and 1970s, and the debates it inspired, shaped the material and po-
litical possibilities of molecular medicine in the 1980s and long afterward.

The mutability and plasticity of cancer viruses as their status developed 
from possible agents of infection, to targets of vaccination, to administra-
tive objects, to molecular tools, and returned to vaccination, illustrate that 
any effort to assess their history must attend carefully to the problems that 
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the study of cancer viruses was expected to solve in each era. In his 1959 
book Virus Hunters, the science journalist Greer Williams, flush with the 
success of polio vaccination, envisioned a future in which advances in virol-
ogy would soon “ward off that tragic second childhood of growth, cancer.”1 
Today, vaccines against human papillomavirus and hepatitis B virus offer 
protection against a significant number of cancers. At the end of the 1980s, 
however, such hopes appeared to be rooted in speculative fiction rather than 
journalism. The fading chances of a human cancer vaccine were typical of a 
War on Cancer that was “at first over- hyped and [later] underfunded.”2 One 
historian of cancer’s causes pointedly excluded cancer virology from his sur-
vey on the grounds that it was one of the areas, along with molecular genet-
ics, that had received “undue” attention by the scientific community at the 
expense of research into the roots of cancer as an environmental problem.3

The sense of dissatisfaction continued for a generation even among 
those more favorably disposed toward biomedical resolutions to the can-
cer problem. The National Research Council’s Large- Scale Biomedical 
Science (2003) recycled the Zinder Report’s charges, writing that the Vi-
rus Cancer Program had been “inaccessible to the virology community” 
and represented a suspect expansion of the work of a few “program sci-
entists.” It was a “significant failure of directed research since it did not 
lead directly to the identification of any viruses that cause human cancer.” 
The program was redeemed only by its “indirect, beneficial effects on the 
scientific community.”4 The Emperor of All Maladies (2011), a Pulitzer 
Prize– winning history of cancer, memorialized cancer virus research with 
the comment that it “siphoned” hundreds of millions of dollars away from 
other deserving endeavors.5

My aim is not to redeem or condemn the investment that the United 
States made in cancer vaccine research, but to think about how the cy-
cles of fear, mobilization, and frustration that attended this effort were 
not anomalies but typical of the tensions and hopes that the biomedical 
settlement created for biology in American society. Questions of success 
or failure cannot be reckoned with absent an understanding of how the 
problems of disease are defined by the communities of specialists called 
upon to provide solutions.6

The Afterlife of Infrastructure

Like the flurry of construction that might accompany a gold rush, the struc-
tures associated with particular moments of mobilization in biomedical 
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research have a long afterlife. The infrastructure that the War on Cancer 
established to pursue cancer as a problem of viral infection did not evapo-
rate with that war’s political exhaustion. The personnel, resources, and in-
stitutions created by the Virus Cancer Program were readily adapted to 
other diseases. In the early 1980s, reports of a rare cancer known as Ka-
posi’s Sarcoma, along with a rare form of pneumonia, started to appear in 
unprecedented numbers among men who had sex with men. These were 
the first signs of a nationwide epidemic of Acquired Immune Deficiency 
Syndrome (AIDS), whose capacity to weaken the immune system allowed 
a host of opportunistic infections, including cancer- causing viruses, to enter 
the human body.7 Like cancer in the early twentieth century, AIDS inspired 
shame, fear, and confusion.

Although activists such as the members of the AIDS Coalition to Un-
leash Power (ACT UP) later introduced new concepts of citizen science 
to the biomedical settlement as they urged the federal government to re-
spond to AIDS, the National Institutes of Health’s initial response rested 
upon the infrastructure of the War on Cancer.8 Other federal organiza-
tions, such as the Centers for Disease Control, possessed the epidemio-
logical capacity to track AIDS, but only the NIH possessed the capacity 
to carry out the research that could identify the disease’s cause and po-
tentially produce a preventive vaccine or a cure. However, the NIH had 
largely emphasized research on the problems posed by chronic diseases.9 
The exception to this rule was the investment the National Cancer Insti-
tute had made in cancer viruses. In particular, the reverse transcriptase 
boom left behind a large community of retrovirus researchers with pre-
existing connections and access to abundant resources. The association 
of AIDS with rare cancers initially suggested that the National Cancer 
Institute might take the lead in responding to this new potential virus.10

The capacity for retrovirus studies played a key role in the association 
of AIDS with a virus, Human Immunodeficiency Virus (HIV). Both of 
the two claimants to the discovery of HIV, Robert Gallo and Luc Mon-
tagnier, had previously studied the role of retroviruses in leukemia. In the  
United States, virologist Gallo had spent most of the 1970s working 
with the Virus Cancer Program from the Laboratory of Tumor Cell Bi-
ology in facilities run by defense contractor Litton Bionetics.11 Gallo 
expanded his work overnight by hiring postdocs and acquiring labora-
tory space.12 He devoted his attention to one of the original aims of the 
NCI’s mobilization against cancer: identifying a human leukemia virus, 
presumed to be a retrovirus of the kind that Huebner had predicted.13 
While researchers at academic institutions doubted the existence of 
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human retroviruses and balked at the expense of a search, at the NCI 
Gallo had the ability to keep searching. Following Huebner’s ambitions, 
and heartened by the discovery of retroviruses in nonhuman primates, 
Gallo’s laboratory worked to culture and observe tissues from different 
cases of leukemia and lymphomas for the detection of virus particles. In 
1979, in a case of T- cell lymphoma, Gallo’s laboratory succeeded. A sec-
ond observation of a “Human T- cell Lymphoma Virus” soon followed. 
Though these two types of lymphoma were rare, the results inspired confi-
dence that there were other strains of retroviruses responsible for human  
cancers.14

This previous work left Gallo’s laboratory rich in experience with ret-
roviruses and the cells present in the immune system— two areas that lent 
themselves to the exploration of AIDS. In 1983 the laboratory announced 
it had identified a third Human T- Cell Lymphoma Virus in the blood of 
a patient with AIDS.15 Gallo followed this announcement in 1984 with 
the claim that most patients with AIDS tested positive for antibodies to 
this virus— suggesting that Human T- Cell Lymphoma Virus III was the 
causative agent of AIDS.16 Montagnier, meanwhile, had been pursuing 
similar studies at the Pasteur Institute in Paris, a center of studies of infec-
tious disease. His work left him well positioned to study the human tumor 
leukemia viruses announced by Gallo, and, in seeking to identify more 
of these viruses, he identified the “lymphadenopathy associated virus” 
(LAV) from a patient in Paris. Encountering difficulty in growing the vi-
rus, he exchanged samples with Gallo at a meeting at Cold Spring Harbor 
in the fall of 1983.17 The subsequent question that preoccupied American 
and French researchers— with immense consequences for the patenting 
rights to different diagnostic tests for AIDS— was whether Gallo had per-
formed his experiments using LAV or his own virus. As the controversy 
raged, virologists adopted the more neutral “HIV” to designate the retro-
virus responsible for AIDS, in the process erasing its associations with the 
earlier generation of leukemia virus studies.18

When it came to the association of HIV with AIDS, the presence of 
this community created a potent acceleration and convergence effect. The 
very things that molecular biologists had derided as uninteresting— the 
capacity to mass- produce viruses and to perform immunological test-
ing for the detection of viruses— now worked to promote the study and 
identification of HIV. At the Frederick Cancer Research Facility, the NCI 
mass- produced HIV to encourage development of diagnostic tests for the 
virus. The rapid development of those tests, which appeared nine months 
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after Gallo’s announcement, would have been difficult to achieve without 
this preexisting capacity.19 With the diagnostic test in hand, researchers 
shifted their attention to the development of a vaccine.20

Despite challenges to the claim that HIV was the causative agent of 
AIDS, the biomedical response to AIDS rapidly converged on retrovi-
ruses. Reflecting on the response to AIDS from 1983 to 1986, one sociolo-
gist noted that “interest in etiology trailed off, while interest in the virus 
itself exploded,” driven by the inquiries of a “small group” of scientists.21 
This reflected the role of the retrovirology community in the study of  
AIDS: their primary interest was in the virus, not the broader question  
of etiology. The participants in the HIV vaccine effort included many 
familiar retrovirus researchers: Gallo, Montagnier, Baltimore, and Var-
mus, as well as other less well- known figures who became important, such  
as William Haseltine, who had started their careers working on retrovi-
ruses.22 The migration of this community also explains how the retrovirus 
boom produced some of the most persistent dissenters from the associa-
tion between HIV and AIDS, such as Peter Duesberg.23

The way this small group became a vanguard for the development of 
an HIV vaccine exemplifies how biomedical research infrastructure can 
shape new fields even as the reasons for its creation fade. Indeed, this 
example echoes the influence that polio researchers had on promoting 
cancer vaccine research in the 1950s, just as their own funding dissipated. 
Now, cancer virus researchers endorsed the development of an HIV vac-
cine as a promising solution to the problem of AIDS.24 However, these 
retrovirus researchers also limited the actions that the government might 
undertake. At the urging of David Baltimore and Howard Temin, who re-
called the “stench” of the Virus Cancer Program, the National Academy 
of Sciences’ Institute of Medicine refrained from endorsing a “Manhattan 
Project” to develop an AIDS vaccine.25 While activist groups continued 
to call for more aggressive government intervention in research and de-
velopment for an AIDS vaccine, efforts moved further into the hands of 
private biotechnology and pharmaceutical companies rather than the Na-
tional Institutes of Health.26

Memories of State Failure and the Promise of Markets

The terms of the biomedical settlement underwent significant change in 
the last quarter of the twentieth century, as did the role of the government 
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in American society. Starting in the late 1970s, and accelerating under 
the “Reagan Revolution” of the 1980s, many policymakers embraced the 
market over state planning as a mechanism to further public welfare.27 
Central to that development was a new confidence that the translation 
of biomedical research into therapies was the domain of business, a sec-
tor that had been absent from the original biomedical settlement. Many 
individual changes fostered this shift, including technical advances, patent 
law rulings, and new investment practices, but uniting these developments 
was a new understanding of the relationship among market, government, 
and society in America.28 Whereas Lyndon Johnson and the National 
Cancer Institute had offered a version of the biomedical settlement that 
favored government action, in the 1980s the settlement expanded to in-
clude representatives of business, especially the new biotechnology indus-
try. “The private sector, not government,” now occupied the “front lines 
of the cancer war,” enthused Business Week.29

The biomedical settlement was not dismantled by the turn away from 
state planning, but it took on additional forms and meanings. The most 
visible icons of the new era were biotechnology and pharmaceutical firms, 
whose efforts in cancer research gained momentum in the 1980s by draw-
ing upon the community of molecular cancer researchers created by the 
War on Cancer. In 1983, flush with the therapeutic promise of the first 
round of oncogene discoveries, venture capitalists hired an entire labora-
tory of researchers away from the NCI. “It was clear that if you wanted 
to remain in the research field, you had to leave,” said John Stephenson, 
formerly of the NCI’s Laboratory of Viral Carcinogenesis. Oncogene re-
search was moving “from the pure research stage to commercialization.”30

The government had found it difficult to recruit molecular biologists to 
serve as program managers in the War on Cancer, but few similar chal-
lenges appeared for the biotechnology industry.31 The movement of mo-
lecular biologists into biotechnology reflected a lingering distrust of the 
federal government’s support for academic research as well as enthusiasm 
over a new form of scientific life seen as more free of intrusion than working 
on federal contracts or grants.32 Historians have looked at the excitement 
of the new industry as creating a “pull” toward biotechnology; however, 
in the wake of the molecular biology community’s negative reaction to the 
War on Cancer, we may see an antigovernment “push” into that industry as 
well. Indeed, some figures who had been strident critics of the Virus Cancer 
Program, such as Arthur Kornberg, viewed their biotechnology ventures as 
a hedge against their own overreliance on federal funding.33
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The memory of the VCP’s “failure” became a touchstone for those 
aiming to associate molecular biology with the promise of entrepreneurial 
biotechnology. The story of the failure of the VCP and its redemption by 
its serendipitous contributions to molecular genetics had first been told 
by James Watson and Vincent DeVita as a means of promoting oncogene 
research. In the hands of others, the idea of failure performed impor-
tant boundary work for molecular biology as it extended into medicine. 
It became an exemplar not only of the government’s limited capacity to 
intervene in biomedical research, but also of the futility of managing aca-
demic biology toward therapeutic ends.34 The memoirs and histories writ-
ten by this group stress the misguided “moonshot” nature of cancer virus 
research, particularly its emphasis on identifying human cancer viruses.35 
Samuel Broder, the director of the NCI after Vincent DeVita, echoed 
these assertions of government inefficiency from his new post as chief 
medical officer of the biotechnology firm Celera Genomics. Eliding the 
ambitions of the VCP and the resistance of many virologists to the plan-
ning efforts that went into the Salk vaccine, Broder charged that the fed-
eral government could never have developed the polio vaccine through 
a “centrally directed program,” merely a stopgap such as a better “iron 
lung.” Disease cures could only emerge through “independent, investiga-
tor driven discovery research.”36 This perspective has carried through to 
present- day interpretations of the development of vaccines against hu-
man papillomavirus, which have often discounted the contributions of 
the NCI in favor of following the work of pharmaceutical companies and 
academic scientists.37

The political uses of the VCP’s history deepened when molecular bi-
ologists responded to the Human Genome Project. The Department of 
Energy, with its experience managing large projects, appeared to be a 
logical venue for organizing this work, rather than the NIH. However, the 
advisers of the Human Genome Project, including James Watson, Norton 
Zinder, and others who had led the resistance to the VCP, sought to de-
flect the move toward a large- scale managed program. Instead, they lob-
bied for an organization within the NIH, where smaller laboratories and 
peer review would organize the mapping process.38 Many of the criticisms 
of the Department of Energy’s approach were familiar. Many academic 
biologists charged that it would divert resources from other fields. Much 
of the labor of sequencing was portrayed as routine and uninspiring. One 
molecular biologist even joked that the work of sequencing should be as-
signed as punishment.39
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In lieu of planning and organization, the repeated invocations of the 
VCP’s failure elevated serendipity as a mechanism of scientific discovery. 
The Office of Technology Assessment’s influential report Mapping Our 
Genes : The Genome Projects : How Big? How Fast? (1988) reflected this 
debate. Writing in terms familiar from critiques of the VCP by academic 
scientists, the Office of Technology Assessment noted that the “small 
group” should “remain the principal means of studying physiology and 
disease,” although there might be a role for some “Big Science” facilities 
as long as these small groups were not “starved” of resources to support 
them. The Office of Technology Assessment cautioned that a potential 
“targeted” genome project should not become an “instead- of” program 
rather than an “in- addition to” program.40

The VCP, in this set of memories, offered an enduring reminder of 
the dangers of government overreach, while obscuring the question of 
what, if any, obligations the biomedical settlement imposed on biological 
research. Even if the Human Genome Project had adopted a centralized 
framework, its aims still would not have equaled the ambition of the War 
on Cancer. The project proposed to survey the genome as a resource for 
further therapeutic exploration by private companies, not to supervise 
the translation of findings into therapeutic products itself.41 Only recently 
have discussions of the need for federal management of biomedical re-
search reemerged alongside new doubts regarding the “payoff” for hu-
man health of federally sponsored biological inquiries.42

The Borders of the Biomedical Settlement

As the molecular approach to medicine grew stronger in the late twen-
tieth century, the overall political architecture of the biomedical settle-
ment continued to have an important role in framing and constraining the 
development of vaccines against human cancer. In 1976 Baruch S. Blum-
berg, a physician trained in immunology, epidemiology, and public health, 
received a Nobel Prize for his identification of a new strain of hepatitis vi-
rus, hepatitis B, in 1972. Even as he accepted his award, further epidemio-
logical research in Taiwan demonstrated that chronic hepatitis B infection 
was closely associated with liver cancer, the third- most- common cancer in 
the world. Moreover, as this epidemiological connection emerged, Blum-
berg and collaborators at the pharmaceutical firm Merck were poised to 
develop a vaccine against hepatitis B.43 Amid condemnation of the VCP 
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as a failure, the first cancer vaccine with the promise of preventing human 
cancer stood on the verge of mass distribution.

In 1978 Blumberg was one of several experts gathered by NCI direc-
tor Arthur Upton as he considered new pathways for confronting cancer. 
The hepatitis B results might have been expected to generate consider-
able excitement regarding the promise of a cancer vaccine, but they did 
not. As molecular biologists defined the problem of cancer, the prospect 
of producing a hepatitis B vaccine did not appear to be helpful. Blum-
berg entered into a pointed exchange with David Baltimore regarding 
the feasibility of a cancer vaccine.44 Echoing the interests of the molecular 
biology community in fundamental research, Baltimore contended that a 
hepatitis vaccine could not be fully developed without understanding the 
mechanism through which the virus caused cancer. Blumberg demurred 
that in public health, virologists had the “recurrent experience of being 
able to prevent disease without knowing its mechanism.”45

This exchange over the nature of the cancer problem, staged between a 
molecular biologist and a traditional immunologist, was familiar from the 
debates Huebner and Watson had engaged in around the War on Cancer. 
But Baltimore’s rebuttal to Blumberg was not. He responded, “Even if we 
cured all the liver cancers in East Africa, we would not have responded 
to the mandate” to “deal with the problems we have here in the United 
States” instead of studying the “ways of preventing cancer anywhere in 
the world.”46

Baltimore’s retort, although blunt, is a reminder that the foremost goal 
of the NCI’s hunt for human cancer viruses was to improve the health of 
American citizens. Yet the cancer problem, and the urgency of particular 
solutions, remained very different depending on what national context it 
was viewed from.47 The biomedical settlement did not accommodate a vi-
sion of the NCI’s addressing cancer on purely humanitarian grounds in the 
1970s, nor did it recognize liver cancer as a pressing threat in the United 
States. In America, liver cancer was associated with alcohol use— a popu-
lation attracting far less sympathy than the vulnerable children who had 
sustained the early search for a leukemia vaccine. Therefore, the federal 
government did not invest heavily in the production of the hepatitis B 
vaccine, whose global distribution took several decades as international 
organizations struggled to muster the resources for its manufacture and 
distribution.48 Likewise, reflecting the unequal global distribution of health 
care coverage that would pay for vaccination, the first versions of the hu-
man papillomavirus vaccine, which can protect against oral, anal, penile, 

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



238 conclusion

cervical, and other cancers, emphasized strains of the virus found in the 
United States and Europe rather than those common in Africa, Asia, and 
South America, where the largest number of deaths from these cancers 
occur.49

* * *

Throughout the twentieth century, as the Boardmans of New Jersey con-
templated the safety of their mattress, as the residents of Niles, Illinois, 
sought to understand a mysterious leukemia cluster, or as hundreds of 
thousands of individuals wrote to President Nixon in support of the War 
on Cancer, countless Americans looked to biological research as a bea-
con of hope against cancer. However, even as this hope sustained great 
advances in our biological understanding of the disease, the prospect of 
easy solutions to the cancer problem, such as a cancer vaccine, receded 
further from our grasp. This observation is symptomatic of a paradox that 
emerges from the biological study of chronic diseases: greater knowledge 
often results in renewed uncertainty about the nature of the problem it-
self rather than a clear solution. Although many might aim to resolve this 
paradox with renewed scientific inquiries, the history of cancer viruses 
suggests that these paradoxes are not faults but features of the biomedical 
approach to disease. The strategies that doctors, activists, administrators, 
and scientists adopted for navigating cycles of hope and disappointment 
are a core part of the history of biomedicine in the United States. As we  
contemplate to the challenges posed by cancer in the twenty- first century, 
we would do well to keep in mind both the occasional rewards of failure 
and the unanticipated pitfalls of success.
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Time Line

History of Cancer
History of Medicine  
and Biology United States History

1880s– 1900

1887: William Halstead 
starts to develop radical 
mastectomy

1898: Roswell Park Cancer 
Laboratory established

1899: Term “cancer problem” 
first used

Harvard Cancer Commission 
created

1880: Louis Pasteur coins term 
“virus-vaccine”

1882: TB bacteria isolated by 
Robert Koch

1887: Pasteur Institute 
established

1890: Cold Spring Harbor 
Laboratory established

1895: X- rays described

1898: Radium isolated

1883: US Supreme Court 
overturns 1875 Civil 
Rights Act, setting stage 
for dis en fran chisement of 
African Americans and 
power of southern states 
in Congress

1887: Marine Hospital 
Service established

1893– 1897: “Panic of 1893,” 
major economic depression

1898: Spanish- American 
War begins

1900s

1901: Rockefeller Institute for 
Medical Research founded

1908: Chicken leukemia virus 
observed

1910: Peyton Rous carries 
out observations on “non- 
filterable” particle later 
known as RSV

1904: National Tuberculosis 
Association founded

1909: Salvarsan chemotherapy 
for syphilis carried out

1910– 1939: Eugenics Record 
Office in operation

1902: Public Health & 
Marine Hospital Service 
Hygienic Laboratory 
established

Biologics Control Act 
passed

1906: Pure Food and Drug 
Act passed

1910s

1913: American Society for the 
Control of Cancer created

1915: Mortality from Cancer 
throughout the World 
published

Rous stops working on RSV

1916: 1st polio outbreak in New 
York City

1918– 1919: Influenza pandemic

1912: Public Health Service 
established to address 
“diseases of man”

1914– 1919: First World War

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



240 time line

History of Cancer
History of Medicine  
and Biology United States History

1920s

1921: ASCC launches “Cancer 
Week”

1925: William Gye announces 
he can see RSV with 
microscope

1926: Johannes Fibinger 
awarded Nobel Prize for 
identification of a cancer 
parasite

1928: Senator Neely calls for 
conquest of cancer

1925: Analytical ultracentrifuge 
invented

1928: Penicillin discovered

1920s: PHS malaria 
eradication campaign in 
southern states

1928: President Hoover 
elected; associational 
approach to cancer

1929: Great Depression

1930: Ransdell Act, 
National Institute of 
Health created

1930s

1933: Shope papillomavirus 
observed

1936: “Milk Factor” identified 
by John Bittner; later known 
as Mouse Mammary Tumor 
Virus

1937: National Cancer Institute 
established

1933: 1st “Presidential Birthday 
Ball” to raise money for polio

1934: Rockefeller Foundation 
launches its program 
“Science of Man”

1937: First human viral vaccine 
(yellow fever)

1938: National Foundation for 
Infantile Paralysis founded

1932: Franklin Roosevelt 
elected

1935: Social Security Act 
passed

1937: “Court Packing” 
controversy

1938: Federal Food Drug 
and Cosmetic Act passed, 
expanding Food and 
Drug Administration

1940s

1943: Nitrogen mustard 
chemotherapy for cancer 
developed

1944: Mary Lasker refashions 
ASCC into American Cancer 
Society

1945: Sloan- Kettering Institute 
founded

1946: “Manhattan Project” for 
cancer called for

Atomic Bomb Casualty 
Commission formed

1947– 1948: Sidney Farber tests 
first antifolate compounds; 
Jimmy Fund created

1940: RCA electron 
microscope invented

1942– 1945: Office of Scientific 
Research and Development 
oversees mass production 
of antibiotics, antimalarial 
compounds, and vaccines

1945: Science, the Endless 
Frontier published

“Phage school” started

1948: Randomized controlled 
trial of antibiotics

1949: Linus Pauling publishes 
“Sickle Cell Anemia, a 
Molecular Disease”

1939– 1945: Second World 
War

1942– 1945: Manhattan 
Project

1946: Hill Burton Hospital 
Construction Act

1948: Rand Corporation 
founded

President Harry Truman 
reelected

1949: Failure of Truman 
health insurance
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History of Cancer
History of Medicine  
and Biology United States History

1950s

1951: Ludwik Gross 
demonstrates murine 
leukemia virus

1953: Cancer Chemotherapy 
National Service Center 
formed

Radioactive fallout protests

1956: NCI establishes Viruses 
and Cancer Panel after 
special congressional 
appropriation

1958: Howard Temin and Harry 
Rubin create transformation 
assay for RSV

Burkitt lymphoma discovered

Polyoma virus observed

Charlotte Friend develops 
leukemia vaccine in mice

1960: Simian Virus 40 identified 
in polio vaccine

1950: Doll- Hill paper on 
smoking and lung cancer

National Science Foundation 
created

1953: DNA structure found

Virus cultures created

Atoms for Peace

1955: Salk polio vaccine

1955– 1968: James Shannon is 
director of NIH

1952: Hydrogen bomb

1954: Lucky Dragon 
radiation incident

1960s

1961: Niles, IL, leukemia 
cluster

1962: Simian Virus 40 shown to 
be oncogenic

1964: Special Leukemia Virus 
Program begun

Epstein- Barr virus observed

1968: Special Virus Cancer 
Program begun

1969: Viral oncogene theory 
promoted

Ft. Detrick converted to cancer 
research

1961: Operon theory formed

1962: Silent Spring published

mRNA discovered

Hybridization studies

1964: Surgeon general’s Report 
on Smoking and Health

1966: Australia Antigen 
isolated; later known as 
hepatitis B virus

1960: “Missile Gap” debate 
between Nixon and 
Kennedy

1961: Robert McNamara 
becomes secretary of 
defense

NASA commits to 
moonshot

1962: FDA powers 
expanded by Kefauver 
amendments

1963: Atmospheric Test 
Ban Treaty

1964: Lyndon Johnson 
elected

1965: Unsafe at Any Speed 
published

1966: Great Society

1967: Vietnam War protests

1969: EPA /OSHA

Moon landing
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History of Cancer
History of Medicine  
and Biology United States History

1970s

1970: Reverse transcriptase 
discovered

1971: War on Cancer

1972: Virus Cancer Program 
established

1973: Ames Test

1974: Zinder Report

1976: Cellular proto- oncogene 
src discovered

Blumberg receives Nobel Prize

1978: VCP closed

1979: Human T- cell Leukemia 
Virus I observed

NCI removes endorsement for 
radical mastectomy

1970: TV and radio advertising 
for cigarettes banned

1973: Recombinant DNA 
regulation begins

1974: Tuskegee Syphilis Study 
revelations are made

1975: Monoclonal antibodies 
discovered

Temin and Baltimore receive 
Nobel Prize

1978: Love Canal controversy

1970: 1st Earth Day

1972: Richard Nixon 
reelected

1974: Nixon resigns

1979: Three- Mile Island 
incident

1980: Bayh- Dole Act 
passed

1980s

1981: Heptavax- B, first 
hepatitis B vaccine, approved

1982: ras identified as first 
human oncogene

1983: vsis first oncoprotein to 
have function identified

1986: Tumor-suppressing genes 
identified

Recombinant Hepatitis B 
vaccine

1989: Bishop and Varmus 
receive Nobel Prize

1983: HIV associated with 
AIDS

1985: Mapping of human 
genome proposed

1981: Ronald Reagan 
Administration

1986: Chernobyl & 
Strontium 90

1990s– 2010

2006: Gardasil vaccine against 
human papillomavirus strains 
16 and 18 approved

2000: Human genome 
sequenced

2009: Increased budget for 
NIH passed as part of the 
American Recovery and 
Reinvestment Act
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July 28, 1963; “Niles Hears Panel’s Views on Leukemia,” Chicago Tribune, August 8,  
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Pat McGrady and Murray Morgan, “Cancer Is Yielding Up Its Secrets,” Saturday 
Evening Post 237, no. 18 (May 9, 1964): 19– 25.
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3. Steven O. Schwartz, Irving Greenspan, and Eric R. Brown, “Leukemia Clus-
ter in Niles, Ill.: Immunologic Data on Families of Leukemic Patients and Others,” 
Journal of the American Medical Association 186, no. 2 (October 12, 1963): 106– 8; 
Schwartz is quoted in McGrady and Morgan, “Cancer Yielding Up Its Secrets,” 21.
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from Stephen Hazen, memo for the record, August 10, 1983, NCI LION Data-
base (hereafter “LION”), DC8308. For the Human Genome Project, the total 
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7. Yi, “Cancer, Viruses, and Mass Migration.”
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Nickolas Papadopoulos, Victor E. Velculescu, Shibin Zhou, Luis A. Diaz, and Ken-
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cent in “developing nations.” IARC Working Group on the Evaluation of Carci-
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Risks to Humans 100B (2012): 39. In conjunction with immunosuppressive infec-
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sub- Saharan Africa. Livingston, Improvising Medicine, 35.

12. Paula Kiberstis and Eliot Marshall, “Celebrating an Anniversary,” Science 
331, no. 6024 (March 25, 2011): 1539.

13. Here is a summary of the work that I have drawn from to keep myself 
aware of developments on the treatment, causation, and causality of cancer, even 
if the path of cancer viruses often did not directly cross these issues. Discussions 
of the social history of cancer and its relationship to questions of gender, race, 
professional authority, and activism around different treatment regimes include 
Aronowitz, Unnatural History; Gardner, Early Detection; Lerner, Breast Cancer 
Wars; Löwy, Preventive Strikes; Timmermann, History of Lung Cancer; Wailoo, 
How Cancer Crossed Color Line; Valier, History of Prostate Cancer. A second set 
of accounts have focused on the development, testing, or marketing of therapies 
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for cancer; see Daemmrich, “BioRisk”; Goodman and Walsh, Story of Taxol; 
 Keating and Cambrosio, Cancer on Trial; Mukherjee, Emperor of All Maladies; 
Pieters, Interferon. Reflecting interest in the BRCA 1&2 cancer genes, a handful 
of cases have examined the development of clinical genetics and cancer: Cantor, 
“The Frustrations of Families”; Necochea, “From Cancer Families to HNPCC”; 
Palladino, “Between Knowledge and Practice”; Parthasarathy, “Architectures of 
Genetic Medicine.” A final set of works emphasizes the environmental causes of 
cancer as they were understood during the twentieth century, including Brown  
et al., “ ‘A Lab of Our Own’ ”; Clark, Radium Girls; Hurley, Environmental Inequali-
ties; Langston, Toxic Bodies; Spears, Baptized in PCBs. For a small sampling of the 
most recent literature on smoking and lung cancer, see Brandt, Cigarette Century; 
Proctor, Golden Holocaust; Rego, “Polonium Brief”; Timmermann, “As Depress-
ing as Predictable?” On radiation biology, see Parascandola, “Uncertain Science”; 
Lindee, Suffering Made Real; Proctor, Cancer Wars.

14. Sontag, Illness as Metaphor, 16; Kellehear, Social History of Dying, 87– 168; 
Wailoo, How Cancer Crossed Color Line, 28.

15. Woods Hutchinson, The Cancer Problem: Or, Treason in the Republic of the 
Body (New York: Tucker, 1900), 3.

16. Arthur Newsholme, “The Statistics of Cancer,” Practitioner 62 (1899): 
371– 84; “Leading Causes of Death,” Public Health Reports (1896– 1970) 67, no. 1  
(1952): 90– 95. These issues are discussed contemporaneously in Hoffman, Mor-
tality from Cancer. Also see Proctor, Cancer Wars, 18– 22; Wailoo, How Cancer 
Crossed Color Line, 43– 47. Concern for rising rates of cancer has often been at-
tributed to the demographic “epidemiological transition,” in which improved nu-
trition and sanitation resulted in the decline of epidemic illness and the rise of 
chronic disease as a public health problem. Of course, the manner and form of 
this transition, as well as its causes, are open to sharp qualification. Jones, Po-
dolsky, and Greene, “Burden of Disease”; Parascandola, “Epidemiologic Tran-
sition”; Omran, “Epidemiologic Transition”; Timmermann, “Chronic Illness and 
Disease History”; Weisz and Olszynko- Gryn, “Theory of Epidemiologic Transi-
tion”; Harris, “Public Health, Nutrition, and Mortality.” It is worth noting that 
many speculate that in allowing for the control of infectious disease, advances 
in late nineteenth- century sanitation and microbiology contributed to making 
certain diseases, such as cancer, more “visible.” Wailoo, Dying in City of Blues,  
23– 24.

17. Lewis Stephen Pilcher, The Cure of Cancer (Philadelphia: J. B. Lippincott, 
1909), 1. The first use I have found of “the cancer problem” is from 1899.

18. Patterson, “Cancer, Cancerphobia, and Culture”; Pinell, Fight against Can-
cer; Proctor, Nazi War on Cancer; Pickstone, “Contested Cumulations”; Toon, 
“ ‘Cancer as the General Population Knows It.’ ”

19. Patterson, Dread Disease, 35; Cantor, “Introduction,” 1– 3, 5– 7.
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20. For more on the importance of surgical intervention in reshaping under-
standings of the cancer problem, see Aronowitz, “Do Not Delay”; Gaudillière, 
“Cancer”; Löwy, Preventive Strikes; Gardner, Early Detection.

21. See chapter 7.
22. Brandt and Gardner, “Golden Age of Medicine?”; Patterson, Dread Disease, 

171– 72. What counted as biomedicine exhibited great variation across different 
institutional and national communities— some settings privileged the laboratory, 
whereas others did not. The American version, however, placed great emphasis on 
laboratory studies of disease. Sturdy, “Political Economy of Scientific Medicine”; 
Sturdy, “Knowing Cases”; Sturdy, “Looking for Trouble”; Kohler, From Medical 
Chemistry to Biochemistry; Cambrosio and Keating, “ ‘Going Monoclonal.’ ”

23. See chapters 1 and 2.
24. I thank Rosalind Williams for the phrasing “American exceptionalism in 

a medical key.” James Sparrow calls attention to the remarkable nature of this 
expansion and the reckoning after the Second World War. Sparrow, Warfare State, 
5– 12. On the role of the state in twentieth- century American society, a vast field, 
I have benefited from reading Brinkley, End of Reform; Fraser and Gerstle, in-
troduction to The Rise and Fall of the New Deal Order; Katznelson, “Was Great 
Society Lost Opportunity?”; Korstad, Civil Rights Unionism; Rodgers, Atlantic 
Crossings; Stein, Pivotal Decade.

25. Funigiello, Chronic Politics, 6– 37; Sledge, Health Divided, 2– 3; Weisz, 
Chronic Disease in Twentieth Century, 56– 76. In fact, the majority of the Na-
tional Cancer Institute’s budget in the first years of its operation went to spon-
sor the distribution of radium for radiation treatment, before this program was 
shut down by opposition from doctors. Cantor, “Radium and National Cancer  
Institute.”

26. There is a vast literature comparing the trajectory of the development of 
health insurance in the United States with such trajectories in other countries, but 
very little of it focuses on biomedical research as a component of the social welfare 
state. This is discussed at greater length in chapters 3 and 4. For an overview of 
these matters, see Carpenter, “Is Health Politics Different?” For some useful texts 
on the US national health insurance debate, both in its domestic political con-
text and in comparison to other nations, see Chapin, Ensuring America’s Health;  
Derickson, Health Security for All; Gordon, “Why No National Health Insur-
ance?”; Gordon, Dead on Arrival; Hollingsworth, Hage, and Hanneman, State 
Intervention in Medical Care; Hacker, “Historical Logic of Health Insurance”; 
Quadagno, One Nation, Uninsured.

27. Bayne- Jones, Advancement of Medical Research, 13.
28. The other major areas were the regulatory efforts of the Food and Drug 

Administration and the funds for hospital research awarded under the Hill- Burton 
Act of 1946, and later Medicaid/Medicare payments to hospitals. Carpenter, 
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Reputation and Power; Field, “How Government Created Hospital Industry”; 
Ludmerer, Time to Heal; Tobbell, Pills, Power, and Policy.

29. On the idea of a “settlement,” see Jasanoff and Metzler, “Borderlands of 
Life.” Jasanoff calls these settlements responses to constitutional or “bioconsti-
tutional” moments when different groups are involved in defining a new social- 
political order. This was the case in the United States in the 1930s and 1940s.  
Jasanoff, “Introduction,” 3. An extensive literature exists on the changing role 
of the federal government in American social and economic life during the early 
twentieth century, particularly on the question of whether its mobilization dur-
ing the New Deal marked a moment of continuity or of rupture with the state of 
American politics— the case of biomedical research tends to favor the idea that 
these developments were more continuous with prior roles than revolutionary, 
even if their impact was dramatic. Amenta, Bold Relief; Brinkley, End of Reform; 
Cowie, Great Exception; Kessler- Harris, In Pursuit of Equity; Klein, For All These 
Rights; Rodgers, Atlantic Crossings.

30. Rosenberg, “Rationalization and Reality,” 403– 4, 413; Kimmelman and 
Paul, “Mendel in America,” 282.

31. On the reasons for favoring the National Institutes of Health, see chapter 4.  
On its academic impact, see Geiger, Research and Relevant Knowledge, 181– 83. 
On the expansion of the National Institutes of Health into a grant- giving body, see 
Appel, Shaping Biology, 30– 34; Fox, “Politics of NIH Extramural Program.” The 
issue of the importance of biomedical research against disease for state- building 
projects has been raised in the case of France by Gaudillière, Inventer la biomé-
decine, 369– 71.

32. Grant, “National Biomedical Research Agencies”; John W. Gardner, “The 
Government, the Universities, and Biomedical Research,” Science, 153, no. 3744 
(1966): 1601– 3. A sense of the degree to which the United States surpassed other 
nations in biomedical research may be found in the fact that medical and scientific 
publications were shocked to report— in 2014— that the United States no longer 
outspent the rest of the world combined. Justin Chakma, Gordon H. Sun, Jeffery D.  
Steinberg, Stephen M. Sammut, and Reshma Jagsi, “Asia’s Ascent—  Global 
Trends in Biomedical R&D Expenditures,” New England Journal of Medicine 370, 
no. 1 (January 2, 2014): 3– 6.

33. Jasanoff, “Ordering Knowledge, Ordering Society.”
34. Phillip Pauly made this point in general about biologists in twentieth- 

century American society. Pauly, Biologists and American Life, 244.
35. Feinstein, “Intellectual Crisis in Clinical Science,” 216. On the question of 

“pure” versus “applied” research and its relationship to “basic” or “fundamental” 
science, see Stokes, Pasteur’s Quadrant. I am in agreement with those who have 
observed that the dividing line between “pure” and “applied” research, as well 
as between synonyms such as “fundamental” and “basic” research, is historically 
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specific rather than transhistorical and universal. Clarke, “Pure Science with Prac-
tical Aim”; Gooday, “ ‘Vague and Artificial’ ”; Bud, “ ‘Applied Science.’ ”

36. Linus Pauling, Harvey A. Itano, S. J. Singer, and Ibert C. Wells, “Sickle Cell 
Anemia, a Molecular Disease,” Science 110, no. 2865 (November 25, 1949): 543– 
48. On Pauling’s work, see Kay, Molecular Vision of Life, 256– 59. The therapeutic 
relevance of this discovery was not immediately apparent, despite later memori-
alization of this moment as a landmark for molecular medicine. Strasser, “Linus 
Pauling’s ‘Molecular Diseases.’ ”

37. Jacques Monod and François Jacob, “General Conclusions: Teleonomic 
Mechanisms in Cellular Metabolism, Growth, and Differentiation,” Cold Spring 
Harbor Symposia on Quantitative Biology 21 (1961): 393.

38. Basic Issues in Biomedical and Behavioral Research, 1976: Hearings, Day 1,  
Before Subcomm. on Health of the Committee on Labor and Public Welfare, 94th 
Cong. 387 (1976) (report of the president’s Biomedical Research Panel, Appendix A, 
Part I: The Place of Biomedical Science in Medicine and the State of the  Science, 1).

39. De Chadarevian, “Whose Turn?”
40. Abir- Am, “Molecular Transformation of Biology”; Landecker, Culturing 

Life, 14– 16.
41. De Chadarevian and Kamminga, introduction. De Chadarevian and Kam-

minga’s definition provides a corrective to the assumption that molecularization 
is an event that emerged out of molecular genetics in the late twentieth century. 
While this latter moment is undoubtedly an instance of molecularization, it is not 
necessarily its defining moment. For a framing that emphasizes the late twentieth- 
century origins of molecuarization, see Rose, Politics of Life Itself, 5– 6.

42. I have reviewed the historiography of the biomedical sciences at greater 
length in Scheffler and Strasser, “Biomedical Sciences.” This insistence on the 
biological basis of disease distinguishes biomedicine from “scientific medicine,” 
“experimental medicine,” “rational therapeutics,” and even “translational medi-
cine.” While all of these terms indicate the importance of science to medicine, only 
biomedicine makes an ontological, as opposed to methodological, claim about the 
practice of medicine. In this sense, I adopt a narrower definition of “biomedicine” 
than that of other authors. On these differences, see Crowe, “Cancer, Conflict, and 
Nuclear Transplantation”; Keating and Cambrosio, “Does Biomedicine Entail 
Reduction?”; Löwy, “Historiography of Biomedicine”; Marks, Progress of Experi-
ment, 1– 5; Clarke et al., “Biomedicalization.”

43. Gradmann, Laboratory Disease, 2.
44. Creager, Life of a Virus, 20– 42; Helvoort, “History of Virus Research”; 

Hughes, Virus.
45. A. Lwoff, “The Concept of Virus,” Microbiology 17, no. 2 (1957): 240.
46. Kay, “Conceptual Models and Analytical Tools”; Summers, “How Bacte-

riophage Came to Be Used.”

 EBSCOhost - printed on 2/10/2023 8:23 PM via . All use subject to https://www.ebsco.com/terms-of-use



255notes to pages 12–13

47. Morange, History of Molecular Biology, 219– 30; Müller- Wille and Rhein-
berger, A Cultural History of Heredity, 164; Rheinberger, “What Happened to 
Molecular Biology?”; Yi, “Cancer, Viruses, and Mass Migration.”

48. Gaudillière, “Cancer,” 496– 98. Nicolas Rasmussen has recently noted the 
special status of molecular biology in these decades. Rasmussen, Gene Jockeys, 27.

49. James Watson, “Getting Realistic about Cancer—  CSHL Director’s Re-
port,” January 1975, 4– 5, in CSHL Archives Repository, Reference JDW/2/4/1/26, 
accessed April 9, 2013, http://libgallery.cshl.edu /items/show/52313.

50. Following the circulation of particular experimental systems, models, or-
ganisms, or materials between different settings offers a means to synthesize local 
accounts with emerging “big picture” narratives that promise to link the practice 
of biology in the laboratory with developments in national histories. De Chadare-
vian, “Microstudies versus Big Picture Accounts?”; de Chadarevian and Strasser, 
“Molecular Biology in Postwar Europe”; Creager, “Timescapes of Radioactive 
Tracers”; Krige, American Hegemony; Secord, “Knowledge in Transit.” This em-
phasis both concurs with and departs from a prior generation of sociology of scien-
tific knowledge, which influenced studies that emphasized the particular historical 
circumstances and social work surrounding the replication of exemplary experi-
ments, most famously Robert Boyle’s air pump. This more recent generation of 
circulation studies departs from this earlier cohort of literature in that it is more 
sensitive to the fact that social factors are in themselves caught up in the coproduc-
tion of scientific knowledge. Collins, “The TEA Set”; Schaffer and Shapin, Levia-
than and the Air- Pump; Shapin, “Here and Everywhere.”

51. This follows Hans- Jörg Rheinberger’s reading of Louis Althusser’s concept 
of ideology in Rheinberger, Epistemology of the Concrete, 46– 47.

52. Capshew and Rader, “Big Science”; Collins, Gravity’s Shadow; Forman, 
“Behind Quantum Electronics”; Galison, Image and Logic; Galison and Hevly, 
Big Science; Kaiser, “Booms, Busts”; Kevles, Physicists; Munns, Single Sky; West-
fall, “Rethinking Big Science.”

53. Creager and Landecker, “Technical Matters”; Creager, Life Atomic, 9, 62– 
106; Daemmrich and Shaper, “Gordon Research Conferences”; Edwards et al., 
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Lynch that historians of science should not seek to proceed from a set of prior 
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remains focused on human actors because cancer viruses themselves bridged the 
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thetical nonhuman entity in the spirit of Actor- Network Theory is a question that 
history of science and science and technology studies have yet to fully grapple 
with. Law and Lien, “Slippery.”
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of Cancer, 61– 73.
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15. Wolff, Science of Cancerous Disease, 433– 35.
16. A translation of Rigoni- Stern’s paper appears in Scotto and Bailar, “Rigoni- 

Stern and Medical Statistics,” 71– 72.
17. Löwy, Woman’s Disease, 129– 30; Nolte, “Carcinoma Uteri and ‘Sexual De-

bauchery,’ ” 31– 36.
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19. Alfred Haviland, The Geographical Distribution of Disease in Great Brit-
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ography, see Barrett, “Geographical Distribution of Diseases.” Also see Agnes 
Foster- Arnold’s forthcoming article in Social History of Medicine, “Mapmaking 
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1887): 1145.
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25. Rutherford Morison, “An Address on Some Points concerning Tubercle, 
Syphilis and Malignant Disease,” British Medical Journal 2, no. 2603 (November 19,  
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tal media— an early kind of disease ecology. Steere- Williams, “Performing State 
Medicine.”

35. Summarized in Triolo, “Nineteenth Century Foundations,” 5– 8. I am grate-
ful to Nathaniel Comfort for drawing my attention to this source, and for his own 
discussion of cancer and germ theory in “Rous’s Reception,” 3– 9.
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well Park on Cancer: The Disease Is Parasitic in Origin, He Says,” New York Tribune, 
July 30, 1901.
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58. American Society for the Control of Cancer, bulletin 5, as reprinted in “The 

New Idea of Cancer: Many Cases Can Be Cured If Reported Promptly,” Hartford 
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