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Abstract

Moran Levy

Between the mid-1940s and the mid-1970s oncology turned from a marginalized experimental field into
one of the most dominant medical specialties in the United States. Cancer chemotherapy, once a
controversial practice, became a standard therapy alongside surgery and radiation. The success of cancer
chemotherapy, however, is not so simple to explain. Cancer chemotherapy was adopted despite broad and
evident dissatisfaction with its limited clinical achievements, common among patients and doctors alike.
To explain the success of cancer chemotherapy, this dissertation examines the social processes that
allowed for the emergence and stabilization of a new therapeutic field. I show that common sociological
approaches for studying medical experts, such as the sociology of the professions and medicalization
theories, fail to provide a convincing explanation for the emergence of chemotherapy because they
assume the existence of professional entities or a set of tasks and problems as pre-given facts.
Alternatively, I build on these approaches to show that oncology itself, as well as the tasks and problems
of cancer medicine, evolved with the invention of the new therapeutic technologies of cancer
chemotherapy.

I argue that when cancer chemotherapists, a nascent professional group, failed to deliver on their promise
for a cancer cure in the 1940s, they began exploring what cancer chemotherapy might become. During the
following decades, they gradually reinvented the diagnostic categories, clinical methods and therapeutic
objectives of oncology, thus establishing a new mode of therapeutic intervention. The dissertation further
examines the tactics and resources that contributed to the success of these efforts and to the stabilization
of the new therapy. I trace how oncologists leveraged limital clinical achievements to (a) legitimate their
practices and frame experimental outcomes as therapeutic objectives and (b) assemble the infrastructure

and alliances needed to expand the enterprise and improve on existing clinical practices and results.



The first paper ‘Adequate Trials: How the Search for a Cure Shaped Leukemia Diagnosis?’ addresses the
rewriting of the diagnosis of leukemia, to demonstrate that the success of chemotherapy depended on the
ability to transform the categories used to classify cancers and patients. Mobilizing bureaucratic capacities
and redefining their ethical commitments, oncologists managed to allocate the ‘right patients’ to the ‘right
trials,” reshuffling existing diagnostic classifications, so that the conditions under which drugs could
‘work’ might be created. The second paper ‘From Bullets to Cocktails: The Invention of New Therapeutic
Methods in Cancer Chemotherapy’ explains how oncologists sheltered themselves from the external
demands of patients and regulators to secure space for experimentation with controversial procedures of
combination therapy. The paper traces the epistemic, institutional and ethical resources mobilized by
oncologists to articulate their research agendas as problems for basic science, thus establishing alliances
within the National Institute of Health. The third paper, ‘How Means Turn to Ends: A Pragmatist
Account of the Rise of Oncology’ addresses the normative legitimation of the objectives of chemotherapy
to demonstrate that the framing of new experimental categories in terms of community-based clinical care
was a key to the success of oncology.

Together, the three papers demonstrate that to make medical drugs ‘work’ (i.e., produce predictable
effects that are commonly seen as therapeutically valuable), oncologists had to restructure the practices,
institutions, classifications, objectives, and roles in cancer research and clinical care. The dissertation thus
suggests that an analytical focus on the invention of new modes of therapeutic intervention would provide
valuable insights into questions central to a wide range of sociological investigations. The invention of
therapeutic technologies offers a lens for exploring the transformation of the institutions and practices of

the medical profession, biomedical research, drug regulation and healthcare.
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Trial and Error: The Invention of Cancer Chemotherapy 1950-1980

Introduction

The three papers included in this dissertation examine the evolution of cancer chemotherapy in the United
States between 1940-1980 to address the same fundamental question: why has cancer chemotherapy
become such a successful project, despite evident broad dissatisfaction with its limited clinical benefits and

harmful and dangerous procedures?

The first paper ‘Adequate Trials: How the Search for a Cure Shaped Leukemia Diagnosis?’ addresses the
rewriting of the diagnosis of leukemia, to demonstrate that the success of chemotherapy depended on the
ability to transform the categories used to classify cancers and patients. The second paper ‘From Bullets to
Cocktails: The Invention of New Therapeutic Methods in Cancer Chemotherapy’ aims to explain how
oncologists sheltered themselves from external demands of patients and regulators to secure a space for
experimentation with controversial procedures of combination therapy. The third Paper, ‘How Means Turn
to Ends: A Pragmatist Account of the Rise of Oncology’ addresses the normative legitimation of the
objectives of chemotherapy to demonstrate that the framing of new experimental categories in terms of

clinical care was key to the success of oncology.

The papers explore various possible answers to the question of the adoption of chemotherapy, following a
similar outline of argumentation. All of the papers set out to show that the success of chemotherapy was

not an outcome of deterministic techno-scientific or clinical progress.

Popular narratives commonly explain the success of chemotherapy in one of two ways. Some emphasize
that cancer chemotherapy was a revolutionary discovery that, for the first time in history, enabled doctors

to do something for patients with advanced cancers that could not be treated with surgery or radiotherapy.



Other explanations emphasize the heroic struggles of the pioneers of oncology, who, against all odds,
proved the therapeutic potential of horrific procedures and lethal drugs. These two narratives, often found
together (DeVita 2015, Mukherjee 2010), commonly argue that chemotherapy was embraced by doctors

and patients because of the therapeutic benefits it could offer.

In no way do I dispute the revolutionary clinical achievements of chemotherapy. Yet, on their own | find
both explanations for the success of chemotherapy unconvincing. Early chemotherapy treatments posed a
serious dilemma for patients and their families. The regimens were extremely toxic and offered little clinical
benefit for most patients. Many of the patients treated in the 1950s and early-1960s died not of cancer but
of complications related to chemotherapy (Krueger 2008).! Regimens used in the mid-1960s and 1970s
achieved much better results, but patients were rarely ‘cured.” An editorial published in the Cancer
Chemotherapy Reports in 1974 established that the progress achieved in hematologic malignancies ‘has not
been translated to the common solid tumors that are the chief cause of cancer death in the United States

‘(Carter 1974:3).

The clinical achievements of chemotherapy, moreover, were under constant attack. | review the literature
on the historical controversies around chemotherapy to demonstrate the skepticism and reluctance with
which patients, medical practitioners, and medical researchers responded to cytotoxic drugs. Lerner (2007)
for example, studied patient activists who questioned medical judgment and wondered if chemotherapy was
‘worth it.” Cantor (2007) reviewed attacks from medical researchers who sought to show that, between
1940-1980, the considerable investment in therapeutic did not translate to a significant decrease in cancer

morbidity and mortality rates in the United States. Public spending, they concluded, should be redirected to

! This is according to a report by Levine et al. (1972). It is difficult of course to estimate how long these

patients would have lived without chemotherapy.


https://en.wikipedia.org/wiki/Siddhartha_Mukherjee
https://en.wikipedia.org/wiki/Siddhartha_Mukherjee

cancer prevention. The interview data I collected similarly indicate a lack of cooperation from pediatricians,

who refused to send children to chemotherapy wards in the early-1960s (Nathan Interview 2017).

Considering these controversies around chemotherapy, | find that explanations that focus on the clinical
benefits of chemotherapy are inadequate. If chemotherapy was embraced because of the benefits it could
offer patients, then we need to explain how the achievements of chemotherapy came to be seen as benefits

that could outweigh the risks and harm.

Comparative analysis contrasting the United States and the United Kingdom similarly supports the claim
that the success of cancer chemotherapy was neither inevitable nor self-explanatory. Lowy (1995) has
shown that British government officials and medical practitioners closely followed cancer chemotherapy
trials but that, unlike American doctors, British doctors concluded that the disappointing results do not
justify the establishment of a medical specialty around cancer chemotherapy. To a large extent, the work of
Keating and Cambrosio (2011) lends support to the claim that the success of chemotherapy depended on
American institutions. While they show that extensive research on chemotherapy existed in Europe, the

European centers depended on tight links to the American network.

Historical research on medicine in the United States also reinforces the question of the rise of oncology and
the adoption of chemotherapy. Canonical accounts indicate that in the early and mid-twentieth century,
American medicine has reinvented itself as a modern enterprise. American doctors developed a new
professional ethos that was grounded in the rejection of ‘heroic medicine’, the clinical approach that

dominated nineteenth century American medicine. While heroic medicine saw aggressive and dangerous



procedures as the key to therapeutic success (Lavi 2005)?, American doctors at the turn of the century
developed clinical skepticism toward what they came to see as intrusive interventions supported by
anecdotal evidence. To understand the adoption of chemotherapy, we must explain against this backdrop,
how oncologists legitimated procedures that closely resembled ‘heroic interventions’ (bringing patients to

the brink of death as a therapeutic strategy).

Adding to the puzzle are historical accounts of the changes in American drug regulation in the 1960s. The
pharmaceutical explosion that flooded the market with new drugs in the postwar years created a regulatory
challenge. A new system for adjudicating therapeutic claims had to be put in place (Carpenter 2010, Greene
2007, Marks 1997). This new system, namely randomized controlled trials, centered its epistemic and
ethical concerns on pharmaceutical agents and not on the complex procedures in which they were used.?
The trials were designed to control for confounding factors in order to isolate the effects of a given drug

and establish its safety and efficacy.

In the following decades the drug-centered model was increasingly enmeshed with regulatory and clinical
standards and infrastructure.* The demand to demonstrate the efficacy of pharmaceutical agents in the form
of evidence from clinical trials was formalized in the new FDA procedures for drug approval in the early

1960s. Yet in the exact same time period, oncologists were engaging in therapeutic inventions that

2 Of course, such procedures continued to exist, specifically in the field of cancer medicine, see for
example the Halsted mastectomy (Lowy 2011).

% There were in fact, attempts to study more complex treatments, such as dietary changes, in randomized
trials. Yet these were not very successful precisely because of the complexity of the intervention (Marks
1997).

4 Clinical practice was never reduced to the mere prescription of drugs (Greene and Watkins 2012), but
nevertheless during these years a prominent model of therapeutics that revolved around single agents has

emerged.



fundamentally clashed with the drug-centered model. Oncologists shifted their attention away from the
guestion of the efficacy of any single agent. They were inventing clinical protocols that involved
combinations of different drugs and complex supportive procedures. This tension — between the drug-
centered and the protocol-centered approaches — adds to our puzzle. Even when administered one at a time,
cytotoxic compounds were controversial. How did oncologists legitimate the exploration of combinations
of toxic drugs? This question, is the subject of ‘From Bullets to Cocktails’, the second paper included in

this dissertation.

The following papers establish that the rise of oncology and the adoption of chemotherapy cannot be
explained as a case of techno-scientific progress but demand a sociological analysis. | review the available
sociological theories and historical narratives that offer such explanations. The papers draw on theoretical
insights from literature on medicalization and from the sociology of the professions to explain how

oncologists gained professional dominance despite their failure to ‘solve’ the problem of cancer.

These literatures attempt to explain professional success not in terms of the ability to solve problems, but
in terms of the power to redefine them. According to both literatures the medical profession succeeds in
claiming social domains and in redefining social problems through the use of power. Some accounts
attribute the power to the profession itself, others to social institutions, and others to the state or state
agencies. The goal of the medicalization of social life is explained either in terms of professional jurisdiction
(i.e. the professions compete over territory to expand their jurisdiction), or in terms of governance and social
control (e.g. medicalization as a form of control over ‘deviant populations’). I argue, however, that these
approaches only take us so far in explaining the case of oncology because both overstate the power of the

profession.



If we follow medicalization theory or the sociology of the professions, we would have to assume that
oncologists could strategically impose diagnostic distinctions, clinical end-points, and experimental
protocols that would secure clear and distinct group interests. Similarly, following the sociology of the
professions, we would have to assume that oncologists were successfully competing with other professional
groups over the territory of disseminated cancer to expand medical jurisdiction. Lastly, building on
medicalization literature, we would need to assume that oncology was integrated into a project of social
control that medicalized the management of the population. None of these assumptions hold in the case of

oncology.

First, oncologists were a small and marginalized group that was in no position to arbitrarily redefine the
categories, objectives, and methods of therapeutic intervention. In the 1950s, ‘chemotherapists’, as they
were called at the time, came from various medical specialties including hematology and internal medicine.
Through the emergence of the cooperative research groups, oncologists gradually developed distinct group
identity, interests and a stable membership. Yet it is not clear that chemotherapists working in the 1950s

can be thought of as a collective actor capable of strategic action.

The second assumption of professional competition is similarly untenable. Medical practitioners were
distancing themselves from dying cancer patients. ° Attempts to treat advanced cancer with
chemotherapeutics were not a promising path to expand medical territory. Such attempts exposed the

incompetence of the profession in treating cancer and thus threatened to compromise its authority.

® Doctors were especially hesitant to treat children with leukemia who were the primary target of the first
chemotherapy experiments.



As for the third assumption: Indeed cancer chemotherapy was inseparable from the governance of the public
health in the United States and the growing ability of the state to enter American homes (Kreuger

2008). Considering the controversial nature of chemotherapy, however, these links between cancer
chemotherapy and governance pose more of a problem than a solution. How did oncologists manage to link

‘scandalous’ experimentation to conduits of state power?

After reviewing the limitations of these analytic approaches, each of the papers reviews also the
explanations proposed by historians. Popular historical accounts often attribute the success of oncology to
the public sentiment and cultural values of techno-scientific optimism in the post-war United-States
(Patterson 1987). In the third paper, ‘How Means Turn To Ends,’ I provide detailed arguments against this
narrative in order to explain why post-war triumphant spirit or values could not have been sufficient to
secure ongoing support for the trials. The gist of the argument is that any pro-scientific sentiments in
American culture had to be actively mobilized by oncologists in the specific context of cancer

chemotherapy. This required some heavy lifting over decades.

Two other popular explanations are the ‘wild empiricism” and ‘nothing to lose’ narratives. According to
both, oncologists were uncompromising and fierce protagonists who were willing to do whatever it took to
fight for their patients. According to both narratives, oncologists wildly experimented with whatever

compounds they could put their hands on, in a persistent struggle to prolong and save the lives of patients.

In the first paper, ‘Adequate Trials’ I show that oncologists’ empiricism was hardly wild. In order to make
drugs work, oncologists had to assemble and mobilize a bureaucratic apparatus that facilitated the

standardization of patient recruitment and the reclassification of patients and diagnoses. It was this



3

bureaucratic and organizational capacity to regroup patients, not a “wild empiricism,” that enabled

oncologists to create the experimental conditions under which drugs could work.

Furthermore, all three papers argue that the ethical commitments of oncologists underwent a series of
displacements. In the first paper, ‘Adequate Trials’, I show that the commitment to save patients became a
commitment to the drugs themselves. Oncologists became ethically committed to exhausting experimental
resources and procedures in order to give each candidate compound ‘the best chance to prove itself.” In the
third paper, ‘How Means Turn to Ends’, I show that the commitment to patients was not simply a
commitment to save lives. The therapeutic and ethical ends of cancer chemotherapy were continuously
reframed between 1940-1980. Although chemotherapy began as a search for a cancer cure, it was quickly
reframed in terms of palliative terminal care, drawing its legitimacy from the commitment to alleviate the

suffering of the dying patient.

After reviewing the difficulties with the theory-driven analyses and available historical narratives, each of
the papers focuses on a specific aspect of the invention of chemotherapy to develop an alternative
explanation. Together, these explanations combine into an alternative account for the rise of oncology. The
sociology of the professions and medicalization theory provide useful insights, because they clarify that we
can only explain the adoption of chemotherapy by explaining how oncologists restructured cancer medicine
and redefined the categories, methods, and objectives of cancer therapy. These approaches, however,
ultimately fail to explain the case of oncology as they attribute too much power to oncologists. In order to
explain how oncologists created a new therapeutic field, we would need to explain how a marginalized and
nascent professional group managed to gain power. Here | adopt the approach proposed by Eyal (2013) and
Abbott (1995). | seek to explain the emergence of a new therapeutic field without assuming the existence

of a professional entity or a set of tasks and problems as pre-given facts.



To develop such an explanation, all three papers adopt ‘bottom-up’ theoretical approaches that focus on
social action on the one hand, and on its capacity to produce durable institutions, on the other (Eyal 2013
Callon 1986, Joas 1997). The papers draw on a range of theories from the sociology of science and
technology; science and technology studies (including literatures on classification, standardization,

guantification and the sociology of expertise); and pragmatism.

The general line of argumentation unfolds as follows: When oncologists failed to deliver on their promise
for a cancer cure, they had to invent a new therapeutic technology. This meant that oncologists were testing
drugs while creating the very criteria by which drugs were evaluated. Oncologists were establishing
tentative goals in an attempt to figure out what cancer chemotherapy might become. Slowly and creatively,
oncologists leveraged limited clinical potential in order to (a) legitimate their practices and frame clinical
outcomes as achievements (b) to assemble the infrastructure and alliances needed to gradually improve

clinical practices and results.

All three accounts emphasize that the success of oncologists depended on flexibility and inventiveness. To
invent cancer chemotherapy, oncologists had to redefine the diagnostic categories of cancer, the methods
of therapeutic intervention, and the very objectives of therapy. The accounts then identify the tactics that
enabled oncologists to stabilize the emerging field. Oncologists mobilized normative and epistemic
resources and organizational and bureaucratic capacities to enroll allies and to create institutional

infrastructure.

The claim that oncologists had to simultaneously restructure the various elements of therapy (i.e. diagnosis,
methods, objectives, as well as their own identity) in order to invent chemotherapy is of broader theoretical

importance and it is also reflected in the sequence of the papers. The construction of a radically new



therapeutic field demands the reinvention of the categories, roles, objectives, and methods of therapy, as
well as the restructuring of institutional and organizational platforms (I will return to the latter point in the
discussion on Keating and Cambrosio’s (2011) work). The papers, therefore, were designed to address three
key aspects of this inventiveness. The first paper, ‘Adequate Trials’ addresses the reinvention of diagnosis
and argues that to create the conditions under which drugs could work, oncologists had to rewrite the
classification of cancer into types and multiply its ontological domains (Mol 2002).° It explains the ability
to reclassify cancers and patients in terms of bureaucratic capacity and standardization (Lampland and Star
2004). The second paper, ‘From Bullets to Cocktails’ addresses the invention of therapeutic means (i.e.
methods). It draws on ‘bottom-up’ theories of translation and quantification as well as on a structural model
of power and expertise (Eyal 2002). The paper argues that oncologists mobilized techniques of
guantification and abstraction of knowledge in order to articulate problems around which collaborations
and alliances with basic scientists could be built. The ‘scientific’ articulation of the problem of
chemotherapy helped oncologists to strategically position themselves between scientists and clinicians and
thus to shelter themselves from the demands of patients and regulators. Within this space of clinical
research, oncologists could pursue investigations that prioritized complex interventions (articulated in

clinical protocols) over drug-testing.

The third paper, ‘How Means Turn to Ends,’ finally, addresses the invention of therapeutic objectives and
accounts for the normative creativity of oncologists. Its argument unfolds in two parts. First, | shows that
when oncologists failed to deliver a cure for cancer, they re-focused their attention on the immediate

experimental challenge that confronted them in cancer wards, namely the induction of remission. | then

® Testing drugs to see if they worked, oncologists aimed to identify variables that could explain variation
in response between patients. They then used these new variable to reclassify patients and
diagnoses to assemble patient populations in which the drugs worked.

10



show how oncologists managed to turn this tentative experimental objective into a stable normative

category, that represented not only what the actors could do, but also what they ought to do (Jasanoff

2004). Oncologists turned remission into a meaningful therapeutic category by linking it to the ethical
commitment of community-based terminal care. This finding is salient, because community-based
practitioners did not have the facilities or means to adequately administer cancer chemotherapy. It suggests
that medical researchers might need to legitimate outcome variables in terms of therapeutic objectives, even

when those cannot be produced outside of the experimental settings.

Taken together, the second and third papers - ‘From Bullets to Cocktails’ and ‘How Means Turn to Ends’ -
therefore demonstrate that oncologists’ success depended on being able to - at one and the same time -
strategically distance themselves from ‘ordinary clinicians’ while also securing the continuity between
experimentation and community-based care. On the one hand, oncologists had to distinguish themselves
from clinicians to shelter themselves from competing models of rational therapeutics and from external
evaluation. On the other hand, they had to secure their ability to recruit patients and legitimate their practices

in terms of clinical care.

All three papers owe a great debt to the work of Keating and Cambrosio (2011) and seek to build on the
analysis of oncology as ‘a new style of practice.” The analysis of the organizational infrastructure of
chemotherapy research, as captured in Cancer On Trial, is a critical building block in each of my arguments.
I contribute to their work by adding a normative dimension to the analysis of organizational and
infrastructural inventiveness. With the concept ‘adequate trials,” I seek to capture the entanglement of
epistemic and ethical displacements that led oncologists away from the question Does this drug work? and
toward the commitment to create the conditions under which drugs could work. Similarly, ‘From Bullets

To Cocktails’ explores the role of quantification and abstraction in legitimizing controversial medical

11



interventions. The paper analyzes the quantification of drug synergy to trace the shifting of the ethical
burden of drug development: Oncologists moved away from the testing of the safety and efficacy of single-
agents and toward the evaluation of the overall outcomes of clinical protocols. This meant that a poorly
performing drug that would have failed to receive FDA approval if tested on its own, could be adopted by
oncologists if it improved the performance of another, better performing drug.” Lastly, ‘How Means Turn
to Ends’ seeks to explain the normative legitimation of chemotherapy. Similarly to ‘Adequate Trials’, it
aims to trace a displacement in ethical commitment. It shows how a search for a cancer cure became a

commitment to diligently capture all types of temporary palliative effects.

The ethical displacements | identify in all three papers are characteristic of modes of creative action (Joas
1997). In the conclusion, | discuss the general insights we might draw from these analyses to study modes
of innovative action under high degrees of uncertainty, to explain how therapeutic projects that are not quite

‘successful’, might turn into imperialist enterprises.

The theoretical intuition that led to this project was that the emergence of a therapeutic field demands the
reinvention of problems, tasks, roles, interventions and objectives. The papers review different aspects of
the invention of cancer chemotherapy, and begin to identify the ways in which these processes depended
on one another. The next challenge is to turn these papers into a book project and to systematically
investigate the interlocking effects of the invention of diagnoses, therapeutic methods, and therapeutic

objectives.

" This, however, was not a uniform opinion (Mantel 1974), but the subject of fierce struggles.
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Chapter 1: ‘Adequate Trials’: How the Search for a Cure Shaped Leukemia Diagnosis

Abstract

This paper examines the relationship between diagnosis and therapy, focusing on the case of leukemia
and cancer chemotherapy in the 1960s. This case, I argue, reinforces the need to study diagnoses from a
social-science perspective, because the persistent controversy around leukemia classification was not
resolved by techno-scientific advances, but by institutional restructuring introduced through clinical
experimentation. I claim that, in attempt to prove that chemical cancer therapy was possible, oncologists
replaced the question ‘Is this drug working?’ with the question ‘How can me make this drug work?’ I then
demonstrate that to create the conditions and criteria under which drugs could work, oncologists
undertook the reclassification of cancers and patients, producing a new diagnostic style which reversed
the roles of diagnosis and therapy. To develop this account, I draw on unstudied archival materials,
interview data, and published biomedical literature. The paper demonstrates that experts gained and
secured the power to classify not by solving existing problems, but by redefining what counts as a
problem and what qualifies as a solution. Similarly, I show that therapies become transformative not only
when they ‘work,” but when they work just well enough to mobilize resources and support. Theorizing
these displacements, I develop the concept of ‘adequate trials.” With this concept, I capture modes of
innovation in which a deep commitment to give new technologies a ‘fair chance’ to succeed (i.e., an
‘adequate trial’) led experts to redefine the tasks and goals of their field. To further our theoretical
understanding of how rigid drug testing becomes malleable and conducive to normative change, I analyze
the organizational, scientific, and jurisdictional conditions that gave rise to oncologists’ practical

orientations.
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How Many Leukemias?

Today, two main criteria are used to classify leukemia: cell type and cell maturity. The intersection of
these criteria defines its four most common categories: Acute Lymphoblastic Leukemia (ALL), Acute
Myeloblastic Leukemia (AML), Chronic Lymphocytic Leukemia (CLL), and Chronic Myeloid Leukemia

(CML).

To contemporary observers, this classification is unproblematic. It guides the treatment of hundreds of
thousands of patients worldwide and underlies billions of dollars’ worth of research.' Yet, until the mid-
1960s the classification and diagnosis of leukemia were messy affairs. A leukemic patient was unlikely to
receive the same diagnosis from different doctors; not only did doctors disagree on what type of leukemia

a specific patient had, they disagreed on what types of leukemia existed (Johnsson, 1949).

How were the controversies around leukemia classification finally resolved? The most straightforward
explanation would be that techno-scientific advances allowed hematologists to solidify diagnoses based
on cell type. Tracing developments in histology and pathology, however, easily rules out such an
explanation. From a techno-scientific perspective, leukemia classification was established either six
decades too late, or two decades too early; the two major breakthroughs in cell classification took place in

the early 1900s and the 1980s, but the diagnostic grid emerged in the 1960s.

The first evidence to support the AML/ALL/CML/CLL division appeared in the early 20th century with
progress in embryonic cell research (Naegeli, 1905). Rather than resulting in a solid diagnostic grid, these
discoveries fueled diagnostic chaos. For decades, scientists were looking under the same microscope, but

seeing very different cell entities.”

The mid-1970s was marked by the arrival of a new ‘miraculous’ device: the flow-cytometer. Utilizing

laser technology and fluorescent dyes, flow-cytometers replaced the ‘subjective’ and ‘qualitative’

! Leukemia and Lymphoma Society Report 2016.
2 See Daston and Galison 2007 on the ‘epistemology of the eye’.
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microscopic gaze with ‘objective’ and ‘quantitative’ precision, rendering prior controversies over cell

classification obsolete (Cambrosio and Keating, 2003).’

Looking at the historical timeline, we find that the new classification followed neither the advances in cell
morphology, nor the diffusion of flow-cytometers.* If the advent technological ‘arbitrators’ was not the
key, then how can we explain the emergence of the diagnostic grid? I argue that the major development
that enabled hematologists resolve the controversy in the 1960s was the emergence of clinical research
into cancer chemotherapy. In an attempt to prove that chemical cancer therapy was possible, oncologists
restructured the institutions and practices of cancer medicine, including the classifications of leukemias

and leukemic patients.

To develop this argument, I propose to study leukemia diagnosis as a social category and process
(Blaxter, 1978). Social science has given considerable attention to medical classifications, with a recent
call for a ‘sociology of diagnosis’ (see Social Science & Medicine special issue 73, 2011). I further this
conversation by arguing that the analytical key to explaining the formation and transformation of

diagnosis is the relationship between diagnosis and therapy.

My account builds on the existing sociological literature but diverges significantly from dominant
approaches. Most research on diagnoses and on the relation between diagnosis and therapy falls under one
of two categories. The sociology of the professions assumes that doctors gain and secure the power to
classify when they demonstrate their ability to solve existing problems successfully. This approach
assumes drugs become transformative when they work. Other approaches, such as the medicalization
literature, analyze drug effects as social constructions. Drugs shape society, culture, and medical practice

itself, when they channel the powerful actors.

*The introduction of flow-cytometry did not simply replace cell morphology, it expanded the ‘biological
platform’ of cell classification.

*Theories in basic sciences are similarly unhelpful. When the diagnosis was formed, researchers were still
debating whether cancer was viral or hereditary (Fujimura 1996:36, Haddow 1971, Lowy 1997, see
Scheffler 2014 on the search for the leukemia virus).
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Building on Science and Technology Studies (STS) I take the middle path. To explain how therapies
become impactful, it is not enough to consider them as mere ‘social constructions.” Yet, it is similarly
problematic to argue that therapies become transformative when they produce physiological effects

independent of any social context.

I argue that therapies can become powerful when they work just well enough to mobilize support and
resources. Analyzing the history of cancer chemotherapy, I show that when drugs delivered problematic
and limited results, experts pursued therapeutic promise by redefining what counts as a ‘problem’ and
what qualifies as as ‘solution.” Oncologists did not fabricate cancer chemotherapies as mere
‘constructions’ but created concrete organizational, epistemic, and material infrastructures that enabled

anticancer drugs to produce effects, and that enabled oncologists to interpret these effects as therapeutic.

To trace the process by which the invention of new drugs brought about the invention of new disease
categories, I develop the concept ‘adequate trials.” With this concept, I capture a specific mode of
innovation that combines both the testing and exploration of new technologies; instead of merely testing
drugs to see if they work, oncologists created the conditions that enabled them to work. This mode
characterizes the work of the first generation of oncologists but can also be found in other sites of

innovation.

I show that the commitment to ‘adequate trials’ and to the restructuring of cancer medicine was the result
of two displacements. First, oncologists translated their deep-seated normative commitment to patients
into a commitment to drugs themselves. Second, oncologists replaced the question Does this drug work?
with the question What does it mean for this drug to work? 1 then turn to identify the organizational,
scientific, and political contingencies that shaped these displacements and show how they led to the
rewriting of diagnoses. By identifying the conditions that gave rise to oncological practice, I theorize the
processes by which rigid testing becomes a medium for normative and epistemic change. In this sense, I

contribute to our understanding of how technology and society are co-produced (Jasanoff, 2004).
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Social Studies of Medical Classifications

It is tempting to think that disease categories evolve and become increasingly specific as we learn to carve
nature at its joints. Social studies of science, however, remind us that diagnoses are not neutral outcomes
of scientific progress but are equally shaped by politics and culture (Bowker and Star, 2000; Brown,
1995; Epstein, 2005). To explain the formation and transformation of diagnoses, we must turn to

sociological theory.

Three sociological approaches are obvious candidates for the study of the leukemia controversy: the
sociology of the professions, the medicalization literature, and studies of standardization. I will briefly
review each of these literatures to articulate their implications for the case of leukemia and to show why

they fail to produce convincing accounts.

From the perspective of the sociology of the professions, diagnoses are tools used by competing groups of
experts in struggles over professional jurisdiction (Abbott, 1988). Diagnoses frame various aspects of
social life as targets for specific interventions, thus enabling professions to claim them under their

jurisdictions.

Indeed, the solidification of the various categories of blood cancer went hand-in-hand with the emergence
of oncology as a new professional group. In the mid-1940s and through most of the 1960s, oncology was
a marginalized medical specialty, overseen by the internal medicine board and practiced in a handful of
institutions. By the mid-1970s, however, oncology had become one of the major biomedical fields in the
United States (Bud, 1978; Keating and Cambrosio, 2011). As oncology evolved, the classification of
cancer became sophisticated and elaborate. Resources were dedicated to the study of increasingly specific

tumorous subtypes, and oncology itself split into subspecialties.

Although the solidification of leukemia diagnosis is clearly related to the emergence of oncology, theories

of jurisdictional claims have serious drawbacks when applied to the case of leukemia.
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According to the sociology of the professions, doctors expand their jurisdictions by competing over new
domains of practice. Following this logic, we should expect to find competition over the territory of
leukemia. The problem, is that no one was competing over leukemia. Borrowing Abbott’s terminology,
we could say that leukemia was a territory that no one wanted ‘to get stuck with.” As Krueger shows in
her work on childhood cancers, doctors distanced themselves from leukemic patients and especially from
leukemic children. Because it was seen as a death sentence, leukemia revealed the incompetence of the
medical profession and threatened its status. Krueger (2008:54) quotes a participant in a 1966 conference
to describe the general sentiment of pediatricians towards leukemic children:

How can I get rid of this patient? Nobody likes doctors who takes care of dying kids, how can 1
unload this patient?

Another possible explanation is that oncology emerged with the discovery of potential anticancer drugs.
Leukemia, one could argue, was about to become an object of competition. This objection, too, is
unconvincing. The early experimentations with cytotoxic drugs were a gory endeavor. While
experimentation gave hope to patients and their families, its everyday realities were gruesome and, in

many ways, harsher than the disease itself.

The cytotoxic compounds destroyed patients’ immune systems and the blood’s ability to clot, and patients
would succumb to fatal infections or uncontrollable bleedings.” Of all leukemic children treated at the
National Cancer Institute (NCI) between 1965 and 1971, 60-80% died not from cancer but from viral,
fungal, or bacterial infections related to the treatment (Levine et al., 1972). As medical experience
accumulated, doctors documented horrific side-effects, including permanent damage to vital organs, loss
of cognitive abilities, damage to mental health, and a ‘second cancer’ induced by therapy itself.

Children cycled from illness, through short periods of remissions, and then inevitably relapsed.

Clinical photographs taken of patients with acute leukemia graphically demonstrated the
dreadful manifestation of the disease and its attendant toxic therapies. A long list of

® Even Despite the heavy use of prophylactic antibiotics and blood transfusions.
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complications included: oral ulcers, leukemic infiltration of the eyes, chronic nosebleeds,
uncontrollable hemorrhaging and life threatening infections. . . . The condition debilitated the
sufferers and necessitated frequent trips to and from the clinic as well as extended hospital stays.
(Krueger, 2008: 86)

While treatment of leukemia did expand medical territory,’ it also jeopardized the medical profession’s
claim over its jurisdiction. Oncologists risked the lives and wellbeing of American children. Not only
parents, but pediatricians and family doctors refused to refer children to oncologists. For decades,
chemotherapy was controversial and were hardly a basis for gaining status and legitimacy, either within

the medical profession or with regulators, patients, or the American public.

The medicalization literature teaches us that medical diagnoses are used to reframe social problems as
medical ones in order to gain control over deviant populations (Zola, 1972). The most common form of
medicalization is perhaps the turning of historically non-medical problems into medical ones
(homosexuality and addiction being prominent examples (Conrad and Schneider, 1992). Another
medicalization strategy is the decreasing thresholds for inclusion within diagnostic categories, similar to

that observed with the category for ‘depression’ (Healy, 1997).

Although cancer patients were not seen as a deviant population, medicalization still had important
implications for the case of leukemia. The development of cancer medicine was inherently linked to state
power and the increasing capacity to monitor and manage populations. Cancer medicine depended on the
ability of the state to enter the domestic space and construct the ‘health’ of the American population as an
object of governance (via educational programs and public screening campaigns for example).
Government investment in cancer research sustained the autonomy of the pioneering oncologists who
worked at the NCI—among them, Emil Frei and Emil Freireich. This autonomy enabled oncologists to

sidestep community-based practitioners who would not subject their patients to toxic experimentation.

6 Before the 1950s, leukemic children were sent home, and parents were instructed to make their children as
comfortable as possible while waiting for the inevitable death. In the 1950s treatment in specialized cancer centers
became a viable option.
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While the role of state power must be factored into the account, it fails to explain why the controversy
around leukemia classification was resolved in oncology clinics. Oncologists needed state support, but
how did they manage to enlist the government as an ally? How did oncologists link their radical and

scandalous practices to conduits of state power? I will return to this question in the discussion on therapy.

Finally, the literature on standardization is also key to the case of leukemia. STS have demonstrated that
standardization is needed for (1) creating the objects of scientific investigation (Kohler, 1995; Landecker,
2007), (2) creating the controlled conditions under which regularities can be observed (Knorr-Cetina,
1999; Latour, 1989), and (3) establishing ‘technologies of trust’ that sustain scientific collaboration
(Porter, 1995). Leukemia classification is a classic standardization story. This paper shows that ‘hard’
evidence did not precede the formation of leukemia diagnosis. To the contrary, standardization of
leukemia diagnosis enabled researchers to collect the evidence necessary to retrospectively justify cell-

based classification.

To articulate the key role of standardization in the case of leukemia, we must examine how obstacles to
standardization are overcome. The standardization literature demonstrates that when diagnostic categories
become standardized, more practices, objects, and infrastructures will soon follow (Star and Lampland,
1994). The creation of the DSM-II for example, led to standardization not only of diagnoses, but also of
the psychopharmaceutic industry, third-party reimbursement, and patient identity (Timmermans and

Epstein, 2010: 78, citing Lakoff).

Multiple mechanisms have been suggested for explaining the ‘imperialism’ of standards. Standards tend
to become tangible and enmeshed in infrastructures and practice. They tend to become transparent and to
make residuals and deviation impossible. Standard also perform regulatory functions and are used to

endow/deny legitimacy (Bowker and Star, 1999).

Following this literature, we should expect standardization to expand outwards and inwards. In the case

of leukemia, we find that attempts at standardization quickly reached an impasse. The standardization of
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the diagnostic category (ALL/AML/CLL/CML) and of the diagnostic tool (differentiation between
lymphoblasts and myeloblasts) were mutually dependent. To standardize the disease category,
hematologists needed to standardize cell classification, and to standardize cell classification, they had to
standardize the disease categories. Hematologists spent six decades stuck in a ‘double-bind’ and could
only get out with the exogenous pressure of therapeutics. I will return to this point in the following

section.

Diagnosis and Therapy

Theories of jurisdictional struggle and medicalization fail to explain the case of leukemia because both
assume that the medical profession’s ability to gain power depends on their ability to solve existing
problems (whether they assume that drugs ‘work’, or that they function as mere social constructions).
From this perspective, it is unclear how oncologists managed to expand their jurisdiction or align with

state power, when they so clearly failed to deliver politically useful results.

At this point a sociology of therapy becomes useful. I argue that experts gain power not only by solving
existing problems but also by reinventing what counts as a ‘problem’ and what qualifies as a ‘solution.’
Drawing on Eyal (2013) I move from a sociology of the professions to a ‘sociology of tasks and
problems.’ I propose that experimentation with new therapies drove oncologists to restructure the task and
problems of cancer medicine. More specifically, I show that experimentation with antineoplastic drugs in
the 1960s, provided hematologists with the incentives and tools to solve the longstanding leukemia

controversy.

In order to explain the transformative power of chemotherapy I first dispel some sociological notions
about therapy. A common approach for theorizing the role of treatment in diagnosis is the ‘diagnosis by
treatment’ approach (Aronowitz, 2001). This approach refers to a trivial medical practice: Doctors often

use their patients’ response to treatment to assign them a diagnostic category. In this case, the
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classification scheme remains constant; the only problem is to confirm that the patient falls under the

suspected category.

Another popular approach’ is the ‘wild empiricism’ narrative. We can find its traces in popular science
narratives (Mukherjee, 2010), in sociological work that tangentially engaged with early chemotherapy
(Fujimura, 1996), and it is often adopted by oncologists themselves. The story goes as follows: In the
1940s, basic sciences were making very little progress in cancer research. There was practically nothing
doctors could do for patients with inoperable cancers. Desperate to help patients, oncologists refused to be
held back. Instead of waiting for scientists to figure out cancer etiology, they decided to treat patients.
Oncologists took the handful of cytotoxic compounds in their arsenal and began shooting in all
directions—testing compounds on whatever cancer they could put their hands on and tweaking dosages
and schedules until they turned up a response. At the time, oncologists were highly criticized for their
‘shotgun empiricism.” Their methods were considered ‘irrational,” “unscientific,” and even ‘scandalous.’
In later accounts the same practices were praised for their visionary courage: Oncologists paved the way

for future medicine by demonstrating that chemical cancer treatment was even possible.

There are two main problems with these common notions about therapy and chemotherapy. First, they
assume the stability of diagnostic categories. The ‘wild empiricism’ story, for example, celebrates Frei
and Freireich’s discovery of a cure for ALL. Such a statement is highly anachronistic. When Frei and
Freireich began their experimentations, this subtype of leukemia did not exist. It would be more accurate
to say that when Frei and Freireich induced remissions in a subset of leukemic children, they discovered
ALL. Oncologists did not use drugs to determine if patients had ALL or CLL, as suggested in the

‘diagnosis by treatment’ approach, but rather to create these categories.

Another problem is that both accounts assume that therapy has social and political impact when it is
successful. Yet, as we have seen, this is not quite the case with cancer chemotherapy. It would be

difficult, if not impossible, to calculate if early oncologists were helping more than harming. To explain
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how chemotherapy gained power I propose a rather different model. I argue that therapies gain
transformative potential when they are not quite successful. Therapies transform institutions and practices

when they work just well enough to produce hope.

To explain these transformations, the following section will introduce the concept of ‘adequate trials’ and
show how specific organizational, political, scientific, and jurisdictional pressures led oncologists (1) to
channel the normative commitment to save patients into a commitment to the drugs themselves, and (2) to

shift from a focus on drug testing to an inquiry into what it means for a drug to work.

Adequate Trials

‘Adequate trials” was a key term for oncologists in the 1960s. It articulated oncologists’ concerns that
candidate drugs would not receive a ‘fair chance’ to demonstrate their potential due to normative,
bureaucratic, scientific, and clinical obstacles. I use this term to characterize a specific mode of
technological innovation that is relevant for 1960s oncology as well as other techno-scientific sites. This
mode of innovation, I argue, is distinct because it combines both the exploration and testing of new

technologies.

Technological innovation has multiple aspects. Actors often explore the potential of new technologies by
actively transforming social environments to create new possible usages and to encourage technological
diffusion. Actors can push for the creation of new infrastructures and grids, as well as shape consumer
needs and preferences, to promote technologies (see Cowan’s (1985) classic study of the electric
refrigerator). Just as often, actors must engage in the testing of new technologies to establish if a given

technology works under a fixed set of parameters.

Scholars of science and technology have studied the social processes that shape the setting and
interpretation of such parameters and demonstrated their contextual flexibility (Bijker et al. 2012). Yet

even when considering the flexibility of test parameters, there are significant differences between
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exploration and testing. Scholars in STS and studies of innovation have differentiated open-ended
searches from testing (see for example Opazo’s 2018 work on the two modes of innovation at elBulli).
The concept of ‘adequate trials’ is of theoretical importance, because it examines the boundaries and
transition between these modes of innovation. Under what conditions do rigid tests and their goals

become more malleable?

Oncologists working in the early 1960s rigorously tested drugs and did not engage in open-ended
explorations. They did not simply ask if drugs worked but created the conditions under which drugs could
work. What incentives, pressures and constraints generated the ‘adequate trials’ approach? I provide a
summary of the conditions that were underlying oncologists’ practical orientations. This summary also

serves as a roadmap for the following sections.

Three major factors solidified oncologists’ commitment to cancer chemotherapy. (i) Early therapeutic
enthusiasm about cancer chemotherapy was enough for raising (ii) initial government funding, which in
turn secured (iii) institutional autonomy for oncologists working at the NCI. We should note that the

early therapeutic enthusiasm was grounded in two realities.

First, leukemic children showed remarkable response to cytotoxic therapy. Second, leukemic adults were
far less likely to respond when treated with the same drugs. The fact that oncologists made progress
treating dying children gave them considerable political and rhetorical leverage. It was much easier to
justify radical procedures and all-out attacks when the life of a young child was at stake. The persistent
difference in response-rates between children and adults was also important, because it suggested disease
specificity and reinforced the question of causality. These factors allowed oncologists to leverage limited

clinical achievements into therapeutic hope.

In the absence of any of these factors, it is highly likely that the immediate failure to produce satisfactory

results would have been enough to discourage oncologists from undertaking further experimentation.
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Oncologists would have simply given up. Working under these specific conditions, however, oncologists

developed an unwavering commitment to the vision of chemical cancer therapy.

While the aforementioned factors consolidated the undertaking, four major contingencies shaped
oncologists’ disposition towards the restructuring of goals and tasks: (i) scarcity of candidate drugs—
only a handful of the hundreds of thousands of compounds screened by the NCI made it past the
laboratory; (ii) scientific and clinical uncertainty—there were no baselines for determining if a drug
‘works’ or what were ‘acceptable’ risks and side-effects, and there were countless ways to administer
drugs, each producing very different therapeutic and toxic effects’; (iii) underdeveloped infrastructure—
trials was conducted by a network of research groups spread across the country, so materials and practices
were unstandardized and results biased and tainted with noise; (iv) jurisdictional pressures— the harsh
realities of chemotherapy made it difficult to enlist patients, their families, and other medical
professionals. Defending the legitimacy of chemotherapy and patient recruitment proved to be

challenging.

Working under these conditions, oncologists became highly invested in each of the candidate drugs in
their arsenal. To give drugs a realistic opportunity to succeed, oncologists became willing to stretch out
the experimental, organizational, and rhetorical resources at their disposal. The very notion of chemical
cancer therapy was being worked out, thus oncologists had to let go of the grand goals and rationales that
originally guided the enterprise. The only way to move forward was by keeping their eyes on the ‘ends-
in-view’: they had to continuously invent and revise short-term, realistic, easily verifiable, and provisional
end-points and markets for the evaluation of both drugs and the experimental design itself. These included

outcome variables, inclusion and exclusion criteria, as well as diagnoses themselves.

" It was unclear how to even begin designing and testing treatment regimens (what dosage, preparation
and treatment cycle should oncologists prescribe? Which compounds should be tested on which tumors?
What supportive therapies (e.g. steroids, antibiotics) should be used?).
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More specifically, to create the conditions under which drugs could work, oncologists regrouped
leukemic patients according to treatment response, creating the incentive and infrastructure that allowed
the standardization of cell classification. Similarly, they had to reinvent metrics and methods for drug
evaluation. While oncologists’ achievements were revolutionary, they looked nothing like the original
clinical goals from when they had begun their search. To justify experimentation with chemotherapy, one
had to come up with alternative yardsticks beyond ‘cured.” Cancer chemotherapy trials depended on the
development of complex new tools for monitoring patients, measuring whether patients were getting
better, and calculating how much better (e.g. scales for defining degrees of remission, as well as

calculation of progression-free survival and time-until-relapse CALG B protocols 1-6).

Practical Ontologies

To link the discussion on ‘adequate trials’ to the theorizing of diagnosis, I draw on Zerubavel (1996) and
Mol (2003) to propose that diagnoses are practical categories that mirror not ontological types but
technological interventions. For example, in her work on ‘practical ontologies,” Mol (2003) shows how
‘atherosclerosis’ can be classified either as an obstruction of blood vessels—by a surgeon removing the
fatty tissue blocking a vessel—or as a problem of blood thickening—by a doctor prescribing blood

thinners.

The important implications of these claims is that we should expect to find multiple, orthogonal, and
overlapping ways to divide and classify phenomena. Moreover, we should expect diagnostic
classifications to be drawn and redrawn as technologies of medical intervention change. As I argued
above, however, therapy is not an isolated technology plugged into an existing matrix to solve existing
problems. A sociological account must approach therapy as a complex set of institutions and practices, in
the context of which the very goals of therapy, as well as the social role of the profession providing it, are
determined. In this paper, I analyze diagnoses as part of the institutional context that shapes the practical

orientations of doctors and researchers (Rheinberger, 1998; Clarke and Fujimura, 1992).

26



Data and Methods

For this research, I have collected and analyzed previously unstudied archival materials from the leading
institutions in hematology and oncology in the 1940s-1970s. The data include the original protocols of the
clinical trials conducted by the Cancer and Leukemia Group B. These trials were the first to produce
remission and cure in leukemic children, paving the way for chemical cancer therapy. The data also
include the Nathan Mental Papers Collection at the National Library of Medicine and the William
Dameshek Papers Collections at the Historical Archive of the Harvard Medical School. Both were
previously unstudied historical resources. I also studied the records of the National Cancer Institute (NCI)
at the National Archives and Records of Administration, the internal archives of the NCI, and the Mary
Lasker Papers Collection at Columbia University’s Rare Books and Manuscripts Library. This diverse set
of archives enabled me to conduct a comprehensive review of documents produced by scientists,
oncologists, regulators, government bureaucrats, and administrators (within and outside NCI and NIH), as

well as by journalists, activists, and patients.

In addition, I have reviewed titles and abstracts (when available) of all papers published in ‘The Cancer
Chemotherapy Report’ (n=1584), the central oncology journal in the first three decades of the NCI. I have
closely analyzed all papers concerning leukemia clinical trials (n=159). I also traced citation networks and
studied relevant papers published between 1900-1970 in both prestigious and less prestigious medical

journals (e.g., New England Journal of Medicine, Canadian Medical Association Journal, respectively).

I also conducted seven semi-structured interviews with key figures in oncology who were all involved in
early cancer clinical trials in order to test my interpretations of the archival materials and inquire about
informal practices that could be missing from written documentation. Interviews lasted an average of one

hour and were recorded and transcribed.

It is important to note that I focus on the work of oncologists in the NCI and academic centers; therefore,

I did not study the evolution of leukemia diagnosis from the perspective of patients, the pharmaceutical
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industry, or the community hospitals serving the majority of Americans. There were several reasons for

these choices.

The pharmaceutical industry is missing from my account because it was not a major actor in the early
years of cancer chemotherapy. The early testing of anticancer drugs was funded by the government and
conducted at the NCI, in academic centers, and in teaching hospitals. The Cancer Chemotherapy Service
Center (CCNSC) offered free screening services; a pharmaceutical house could send whatever compound
it developed and the NCI would test it for antitumor activity free of charge. The work was mostly
academic and not profit driven, because most compounds proved useless. In 1966 for example, sales of
antineoplastic drugs accounted for only 0.1 percent of the total global sales of pharmaceuticals

(Timmermann, 2018).

The perspective of patients and their families, as well as the everyday practice of cancer medicine in non-
academic settings are two essential pieces of the puzzle. Due to time and resources limitation however, |
chose to focus my attention on oncologists and the major hubs in which cancer chemotherapy was
developed. This choice was grounded in the fact that despite their enormous historical significance, very
little scholarly attention has been paid to the early chemotherapy trials (excluding the work of Keating
and Cambrosio, 2011). I hope that research into the early experimentation with chemotherapy will inform
future research into the experiences of patients and the everyday practice of cancer medicine between

1960-1980.

Leukemia Classifications Before 1960

Until the early 20th century, leukemia was divided into two major categories; acute and chronic leukemia.
The first had a sudden onset and progressed quickly. The latter developed slowly until reaching an ‘acute
phase’ (Norman and Gwyn, 1930). This distinction was based primarily on clinical observation. Acute
and chronic leukemias were assumed to involve different types of cancerous white blood cells—immature

lymphocytes and mature myelocytes, respectively.
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This classification was grounded in contemporary histology. In the late 19th century, hematologists could
differentiate between healthy white blood cells, but immature cells did not develop the functions by which
healthy cells were differentiated. It was therefore difficult to classify the primitive cells characteristic of
acute leukemia. At the time, researchers commonly identified myelocytes by their granularity, but since
primitive cells do not present granula, acute leukemia was considered a ‘lymphatic’ disorder (Johnssen,
1949). Advances in embryonic cells research soon complicated this distinction. In 1905, Naegeli first
described ‘myeloblasts’—immature leukemic cells that were myelocytic precursors. As reports on acute
myelogenous leukemia accumulated, a heated debate ensued; some hematologists adhered to the
distinction between lymphatic and myelogenous leukemias, while others suspected that ‘lymphatic
leukemia’ was a spurious category resulting from unrefined histology. Asselstine (1932: 174) described
this diagnostic displacement. In the early 20th century, wrote Asselstine, all acute cases were classified as
lymphocytic. If anything other than ‘a lymphatic blood picture’ was found, the diagnosis was considered
to be ‘prejudiced.” According to Asselstine, however, since 1905 the tendency had been to classify most

cases as myelogenous.

Contemporary histological tests were insufficient to solve the controversy. William Dameshek (1962), a
leading hematologist who became President of the American Society of Hematology in 1965, asserted
that cell morphology is not enough to trace a cell line to the mature form and to differentiate granulocytic
from lymphocytic leukemia. Naegeli’s discovery spurred the development of new chemical tests, but
these were practically self-defeating. The oxidase reaction introduced by Dunn (1913) is a striking
example. A positive oxidase reaction could confirm that the blasts were myelocytic precursors, but a
negative reaction could only confirm that the blasts are immature. It could not eliminate the possibility
that the blasts were myelogenous or affirm that they were lymphocytes precursors. The classification of
cells was highly unstandardized and depended on the specific practices/beliefs of individual researchers:
The cell types observed in individual patients could appear to some to be characteristic of acute

leukemia, and to others of an ‘acute phase’ or chronic leukemia, according to their predilections.
(Dameshek, 1962: 19)
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As cell morphology could not determine diagnoses, doctors aimed to link histology to clinical patterns.
Dameshek described the limitation of cell morphology and the need to use clinical data to interpret the

microscopic blood picture:

How many cases of acute leukemia can be classified according to...cellular type is a matter of
debate and often personal conviction. We believe that the study of the morphology of the blasts
alone, by ordinary staining methods alone, cannot lead to their inclusion in one or the other of
the cell series... Perhaps correlation of the physical examination with the blood picture may be as
accurate. (1962: 4)

The identification of lymphoblasts depended on the collection of standardized blood samples from
patients with acute leukemia. To identify these patients, however, one had to have already determined that
the number of lymphoblasts in the blood picture were consistent with a diagnosis of acute
leukemia. Daston and Galison (2007) have argued that what scientists see under a microscope depends
on sociohistorical configurations of objectivity. In the case of leukemia, we find that to standardize the
interpretation the blood picture, hematologists needed to standardize prior clinical classification of
patients from which the blood came. As both classification of cells and of patients were co-dependent, it

was impossible to move forward and establish new classificatory schemes of cells and leukemias.

One the one hand, hematologists hoped that better diagnostics would enable them to standardized cell

classification:

There is still much argument about the influence of the cell type on the chances of remission, and
this cannot be expected to become resolved until there is a uniformly acceptable classification of
the acute leukemias. (Dameshek, 1962: 19)

One the other hand, it was impossible to improve the diagnoses of patients when cell classification was
lagging behind. As diagnostic chaos ruled, doctors provided patients with only a general diagnosis of

leukemia and avoided the question of type:
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In this stage of uncertainty about...the differences between individual blasts we prefer to...regard
many cases as ‘leukemia acute,’ rather than to make definitive assumption about their derivation
from any one cell line. (Dameshek, 1962: 5)

How did researchers get out of this bind? How did cell type gain enough diagnostic value to validate the

distinction between four different types of leukemias?

What Is an Anticancer Drug?

In the mid 1940s, researchers first discovered that cytotoxic compounds showed antitumor effects in
leukemic patients. Wartime experimentation with warfare gases led Gilman Goodman et al. (1946) to
discover the antitumor effects of nitrogen mustard, while Farber (1948) reached similar results with folic-
acid antagonists. These discoveries sparked an interest in cancer chemotherapy. In 1955, the US
government established the CCNSC, an agency mandated to coordinate and carry out large-scale
screening and testing of compounds for antineoplastic activity. Assembling the infrastructure and

orchestrating the trials, however, proved a challenging task.

As we shall see in the following sections, the scarcity of candidate-drugs, uncertainty around the very
notion of ‘anticancer drugs,” obstacles for standardization of practices and materials across trials as well
as challenges to recruitment and allocation of patients were key factors that blended the boundaries

between testing and inventing.

In clinical testing, it is standard to evaluate drugs by comparing new compounds with existing ones. This
practice disguises some of the complexities of evaluation: what criteria should guide the measurement of
therapeutic gains? And when is therapeutic gain substantial enough for us to say that a drug is ‘working’?
Usually, we do not need to confront these questions because we can trust existing conventions. We

simply need to decide if a new drug is performing better or worse than existing ones.
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In the case of cytotoxic compounds in the 1950s-1960s, no existing therapies could provide baselines for
evaluation. Antimetabolites and alkylating agents produced clinical improvements, but these were
unsystematic and difficult to measure. Moreover, experimentation in animals and in humans showed that
cytotoxic drugs produced highly variable effects depending on how they were put to use. Response
depended not only on the drug itself, but on type and stage of cancer, and on treatment regimen. Variation
in dosage and treatment intervals (e.g., intermittent, daily), as well as in preparation (e.g., oral,
intravenous) and use of supportive therapies (e.g., antibiotics, steroids) made a huge difference in
response. ‘Our greatest unsolved problem is the most effective thythm of administration for each type of
drug. . . the choice between intermittent or daily therapy . . . has not been determined for each of the
antitumor drugs’ (Wright, 1962: 72). Negative results could equally mean that the drug is ineffective, or

that oncologists do not know how and on whom to use it.

Drug toxicity further complicated the experimentation. Oncologists struggled to strike the right balance
between efficacy and toxicity, working with narrow ‘therapeutic margins.” Increasing the dose could
easily kill patients. Administering too low of a dose could easily lead researchers to discard a miracle

drug.

Toxicity studies in animal models were of limited use. In a comprehensive review, Albert Owens (1962)
concluded that toxicity studies in rodents, dogs, and monkeys were inadequate for predicting toxicity in
humans on all key outcomes (nervous system toxicity, gastrointestinal toxicity, hepatic toxicity, bone
marrow toxicity, and renal toxicity). Owens criticized the ‘arbitrary’ convention of using one-tenth of the
animal model dosage to determine the Maximum Tolerated Dose (MTD). Similarly, fellow oncologist
John Louis (1962) disapproved of the irrationality of contemporary procedures for exploring the relations
between toxicity and efficacy:

In general, four major procedures for drug administration have evolved. One method relies on

the physician's intuition to determine intervals for and increments of change in dosage. On the
basis of such an approach involving 3 or 4 patients, a regimen might be established which ever
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after is held sacred. A second method assumes that therapeutic effect should become evident
shortly after initiation of a specific dose, and dose levels are rapidly increased so that unusually
severe toxicity results. A third approach is similar to an all-or-none phenomenon in that huge
doses are given on the assumption that toxic or near toxic levels are required to produce
maximum oncolytic effect. With this method, agents are considered therapeutic failures when
toxicity occurs without oncolytic effect. The fourth method, which appears to be a more scientific
and rational approach, engenders the concept that dose levels should be determined by a balance
between therapeutic effectiveness and drug toxicity. This method, however, allows for doses to be
tailored to the individual patient’s requirement so that uniform data is not obtained since no two
patients receive the same dose. (99)

Louis’ review demonstrates the extent of controversy and uncertainty surrounding early cytotoxic
therapy. Each approach involved untested assumptions about the progression of cancer and about the
therapeutic mechanisms of anticancer drugs. Even in relatively straightforward testing in mice,
miscalculation of toxicity/cumulative-toxicity could have easily led researchers to mistake drug toxicity

with inefficacy.

Another factor that increased the stakes was the scarcity of candidate drugs. The CCNSC screened
hundreds of thousands of compounds in animals and tissue cultures, but over 90% were rejected at as they
proved to be either too toxic or ineffective. (CCR 1, 1959; CCNSC Advisory Council Meeting Minutes,
1955, 1956; Zubrod, 1960). Only a handful of compounds showed acceptable ‘therapeutic ratios’ (i.e.
neoplastic activity in dosages that were considerably below lethal) and left the laboratory. Oncologists
were therefore heavily invested in candidate drugs. Discarding compounds was not to be done lightly,

without making sure that drugs were tested under optimal conditions for demonstrating efficacy.

These conditions fostered a very specific orientation. Oncologists were highly committed to giving
candidate drugs ‘adequate trials,” but it was unclear what constituted such trials. There was no
straightforward way to decide if drugs worked or not, and no standard protocol for discarding drugs.

Further, it was simply impossible to test every potential method and schedule for administering new
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compounds. As oncologists couldn’t prove that a drug is not working, the task of drug testing had to be

redefined.

The minutes from a CCNSC meeting that took place in August 1967 demonstrate that the main question

for oncologists at the time was not Is this drug working? but what does it even mean for a drug to work:

(1) How does one measure ‘effect’ of a new drug under consideration? Should the median, the
mean or some other population statistic of individual survival be used? . . . (2) how can the effect
of different dose regimen be compared? Is it possible to interpolate between regimens to get the
‘best’ treatment schedule?. . . (3) what are proper experimental designs to deduce the ‘best’
regimen and the influence of drugs in general? What is the meaning of ‘best’? (emphasis mine)

The quotation marks in this text are very telling. The meeting participants were not asking if a specific
drug has an effect but what is an ‘effect’ and how can they measure it. Oncologists were inventing the
very notion of anticancer drugs, blending clinical, scientific, and normative concerns: What should be
counted as ‘therapeutic benefit’? How much risk or harmful side-effects should be tolerated? Trying to
make progress with these questions, oncologists openly adopted a few arbitrary numerical values for
designing drug trials. Protocol 22 (1962: 12) of the Cancer and Leukemia Group B provides an example
of one of many definitions of an ‘adequate trial’:
Adequate trial is defined as a dose capable of inducing either remission or toxic manifestation
requiring interruption or diminution of drug dose administered for an accumulated period of six
weeks. Drug dose will be considered adequate irrespective of length of administration beyond
three weeks, if drug toxicity and progressive disease coexist, or if response occurs. . . . It is
arbitrarily assumed that only drugs capable of inducing response in not less than 30% of patients

will be of interest for the group. Nine consecutive negative patients will be sufficient to exclude
that such degree of activity exist for any given drug.

This excerpt provides an excellent example of the logic of ‘adequate trials.” The group decided on a

threshold for acceptable response-rate. But response-rate of what group? Oncologists were not only trying
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to find drugs that would work for 30% of the patients, but also to figure out which diagnoses should

define the relevant 100% of the patient population.

Same Drugs, Different Results

Another challenge concerned the standardization of trials. Most clinical testing was not conducted in-
house but by a network of cooperative groups spread across the country. To facilitate this collaborative
work, the CCNSC had to invest extensively in eliminating variation in practices and materials. As a series
of reports published in 1962 indicates, the main problem of drug testing was that oncologists were testing
the same compounds but getting vastly different results (CCR, 1962). ‘In an evaluation of studies of
chemotherapeutic drugs in man, one cannot help but be struck by the divergent results reported with the
same agent, despite careful clinical evaluation by experienced observers. . . .” (Wright, 1962: 69,

emphasis mine).

Marvin Schneiderman, a cancer researcher at the NCI, wrote disapprovingly that no conclusive results
regarding the efficacy of 5-FU had been obtained, despite it having been tested in over 1412 patients by
1961. ‘The reports available are characterized by a wide range in percent of patients showing objective

response’ (1962: 107).

Schneiderman (1962: 108) compiled a list of all the factors that might have contributed to inconsistency
in 5-FU trials. The list included: (1) the lack of standardization in the quality of 5-FU, (2) the ‘patient-site
mix’ (i.e., the organs or locations of cancer included in the trial), (3) the criteria for inclusion and
exclusion of patients from the final statistical analysis, (4) fuzzy definitions of ‘response,” (5)
inconsistencies in drug administration (schedule and dosage), and (6) the ‘clinical material,” or the kind of
patient treated (e.g., degree of illness, sex, age). To examine variability on each variable, Schneiderman
pooled data from all published papers on 5-FU. He concluded that the supply of 5-FU had been

adequately standardized but that all other factors were highly likely to introduce inconsistencies.
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Keating and Cambrosio (2011) offer a detailed account of the initiatives taken by the NCI and the
cooperative groups to standardize cancer trials. These include standardization of chemical substances and
plant extracts, securing of pure strains of inbred animals, as well as devising protocols for clinical and
laboratory research and providing services of data management and statistical consultation. In this paper, I
focus on yet another key aspect of trial standardization—the effort to homogenize the samples of cancer

patients.

Concluding his analysis, Schneiderman expressed particular concern over variation in ‘clinical material’;
oncologists recruited patients that differed on key variables that affect clinical outcomes. They also failed
to report on sample makeup in publications. As long as the ‘clinical material’ was not properly

standardized, argued Schneiderman, no systematic progress could be made.

Optimizing ‘Clinical Material’

Due to limited understanding of cancer, diagnostic categories were unstable and uninformative in the
design of early clinical trials (CCNSC Advisory Council Meeting Minutes 1956). No scientific principles
or clinical experience could help predict which drugs were likely to work in which types of cancer. Nor
could they help in tailoring treatment protocols to specific cancers. Researchers were conducting
‘exploratory trials’; they tested drugs as broadly as possible, taking any type of cancer ‘they could get
their hands on’ (Gehan 1962). It was because of their improvised and intuitive nature, however, that

exploratory studies did not produce conclusive results.

As new compounds and funding became available through the CCNSC, the problem of matching patients
and trials became a serious clinical-bureaucratic challenge. The CCNSC and the network of cooperative
groups worked to set up ‘rational’ procedures for patient recruitment. In a paper titled ‘Selection of
Patients for Evaluation of Chemotherapeutics Procedures in Advanced Cancer,” David Karnofsky (1962),

a leading oncologist from Sloan Kettering, wrote:
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1t is estimated that there are more than 500,000 new cases of cancer in the United States each
year... Of this number about 350,000 will have unresectable, recurrent, or advanced disease. If
all patients with unresectable neoplastic disease could be assigned to planned chemotherapeutic
studies, and if adequate funds and medical and hospital facilities were available, therapeutic
trials could be designed and completed with optimal efficiency... In our experience the
investigator often does not have the opportunity to select specific patients for his investigations.
The factors responsible for patient availability usually result in clinical material considerably
different from what the investigator might select under ideal conditions. . . . (73)

Oncologists faced an operational challenge: How could the NCI and cooperative groups locate and
allocate the ideal patients for each clinical trial? As patients and trials were spread across the US, this was

a serious obstacle.

Karnofsky’s paper raised yet another problem. Regardless of the type of cancer they had, patients were
terrible ‘clinical material.” Patients ended up in clinical trials only after they failed in standard therapy.
The ethical reasoning was clear; only those who ‘had nothing to lose’ should be subjected to potentially
ineffective or harmful procedures. Such patients were often more vulnerable to drug toxicity and were
less likely to survive long enough for the drug to ‘kick-in.” Oncologists worried that drugs that could

potentially produce remissions in less advanced patients would be prematurely discarded.

Even when suitable patients were found, it was often difficult to enroll them. Dr. David Nathan, who
became chief of hematology at Boston’s Children Hospital after completing an internship at the NCI in
1967, tells that he had to take children one by one from the pediatrics department to the oncology ward,
because pediatricians refused to refer them. Dr. Takao Ohnuma tells that in Rosewell Park, the patients
who ended up in cancer trials were often leukemic patients who had no access to care for alleviating
symptoms. Patients would come to the hospital to receive antibiotics and blood transfusions, and were
convinced to try curative chemotherapy. George Canellos, reflecting on his days at the NCI in the late
1960s, tells a similar story. Oncologists had more success recruiting patients from distant areas (e.g. rural

Virginia) than from the areas closely neighboring the NCI. This was because patients from the District of
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Columbia had good medical care and they avoided oncologists, while patients with limited access to

medical care were more likely to come to the NCI.

Another problem was that tumors quickly developed drug resistance. It also became apparent that patients
who were treated with one drug might become resistant to another—a phenomenon oncologists termed
‘cross resistance.’ Patients in experimental trials were more likely to develop ‘cross resistances,” because
they had already been treated with one of the first chemotherapies. This created selection bias; patients
who ended up in trials were not representative of the broader population of cancer patients because their

tumors had been modified by previous treatments.

In the face of these obstacles, it was crucial to understand how to wisely ‘use’ patients—how to best
recruit, sort, and match patients and trials. These considerations turned researchers’ attention to the
question of patient classification. In order to rationalize the enrollment of patients into clinical trials and
to optimize drug testing, researchers suggested to classify patients according to their response to drugs.
Thus, they hoped to generate new data that would enable them to predict which patients would respond to

which treatments. They were about to transform the field of diagnostic classifications in oncology.

New Patient Classifications

To standardize and optimize patient selection, oncologists began to insist on formal criteria of patient
recruitment in protocols (Hall, 1962: 391). More importantly, they began to see drug testing as a tool for

rewriting cancer classification:

In the early trials of a new agent the type and range of response to treatment are not predictable
and all patients meeting the criteria for patient selection are treated. As data accumulate, it is
necessary to sort out and classify those patients responsive and those unresponsive to treatment,
those who tolerate an adequate course, and those who develop early or severe toxicity. . . . From
the accumulation of data of this type on drugs that exhibit some degree of therapeutic activity, the
clinical situations responsive to the treatment can be identified. . . . Patients whose clinical
picture falls into the responsive pattern can then be selected to expand the study. (Karnofsky et
al., 1962:75)
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Many reported differences in response rates between centers would be eliminated if investigators
classified their therapeutic results . . . in relation to patterns and stages, rather than lumping
clinical results together for a particular type of cancer. This does not seem to be too onerous a
recommendation, despite the complaints of many clinical investigators. We readily classify apples
to identify patterns such as Delicious, Winesap, and MciIntosh, and stage apples as to whether
they are green, ripe, or overripe. We even note if they have been artificially colored. Through the
offices of the CCNSC, equally useful pattern and stage classifications for the major types of
advanced cancer can be established by study and agreement, so that clinical trials can delineate

these situations in which a patient responds in a predictable manner to a chemotherapy.
(Karnofsky et al., 1962: 77).

As available diagnosis could not guide clinical decision making, researchers devised a new, reversed
logic. Instead of using diagnostic data to guide their experimentation with new therapies, they used
patients’ responses to therapy in order to classify them. Oncologists did not use drugs to see if a specific
patient fell under an existing category, but rather to create new classificatory knowledge. The plan was to
divide patients into responders and non-responders and to collect information that could potentially
explain the difference between the two groups. Such information included morphology of cancer cells,
age, sex, and numerous other variables. First these variables were used for analyzing variation in response
across these subgroups. In the next step meaningful differences informed the assignment of different
treatments for different groups. In this reverse scheme, oncologists were not motivated to make sure that
no patient gets a drug which does no work for her. Karnofsky formulated a different goal: 7o make sure

that no drug gets patients which were unresponsive to it.

Oncologists hoped to accumulate data on ‘clinical patterns’ (i.e., histories of ‘treated diseases’) in order to
create a new typology of untreated disease. By creating new ways to describe and examine treated cancer,
oncologists ‘multiplied its ontological domains’ (Mol, 2003). They had transformed the meaning of

existing categories (by linking them to new data), created new categories and eliminated others.
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New Cell Morphology?

A canonic dataset used by hematologists prior to the 1960s was a collection of cases (572 children and
179 adults) compiled by Tivey in 1954 and titled ‘The Natural History of Untreated Acute Leukemia.’
Although distinctions by cell type were present in the report, they only minimally informed the analysis.
The reader was asked to bear in mind the poor state of cell morphology and was cautioned to treat cell-
type data as mere approximations. Data on adult and children were pooled together, and attempts to

breakdown the series did not establish conclusive differences between them.

Diagnosis is frequently incomplete. Criteria exist for the morphological differentiation of the
several types of leukemia, but the application of these criteria is extremely difficult in the more
acute forms, hence many authors report data simply as ‘acute leukemia.’ (Tivey, 1954: 322)

While the diagnosis of leukemia was in disarray, advances in cytotoxic compounds stirred up the field:

The recorded history of effective palliative treatment of acute leukemia dates from the
introduction of Aminopterin by Farber [in] 1948. Since then clinical trials of a number of
chemotherapeutic agents have been reported. . . . Some of these compounds have shown an
apparent differential success in the treatment of the various morphologic types of leukemia, and
even differences in the effectiveness of treatment of the same disease in the adult and the child, it
will be necessary to consider the characteristic pattern of each disease in appropriate detail.
(Tivey, 1954: 322 emphasis mine)

As chemotherapy was making great strides, it became clear ‘children are much more likely to respond to
chemotherapeutic agents or to steroids than adults’ (Dameshek, 1962: 13). The question was why. Do
children and adults suffer from ‘the same disease’? Or from different leukemias? To answer this question,
researchers returned to the problem of cell morphology:
There is a fair degree of unanimity among authors. . .that the great majority of childhood acute
leukemia belong to the lymphocytic type. . . . This blast cell differs morphologically from those

found more commonly in adult acute leukemia, some of which are undoubtedly from the
granulocytic variety. (Dameshek 1962: 5)
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Dameshek presented an early version of the hypothesis that children and adults suffer from different
leukemias involving different cell types (ALL/AML). The difference in response to treatment reinforced
the question of cell morphology, but in a renewed form: Do children and adults have different types of
blasts? Dameshek had not yet made a distinction between ‘disease types.” Soon enough, however, the
work of oncologists gave these differences ontological weight and operational meaning. The differences

between leukemias began to matter.

Consider Figure 1, the appendix form of the second trial conducted by the Cancer and Leukemia Group B
in 1957. Although all leukemic patients were pooled together in a single trial, it was suspected that age
and cell type were both clinically significant variables. The statistical design, therefore, matched pairs of
patients across three age categories and three categories of cell type. The residual categories of
‘unclassified cell type’ (See figure 1) clearly indicates that cell morphology was being ‘worked out’ and

that standardization was still underway.
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APPENDIX |

Category
Lymphocytic 1
Under / Myelocytic*
bt \ ” |
Unclassified 3
Lymphocytic 4
Acute 10-30 /
Leukemia years \ Myelocytic 5
Unclassified 6
Lymphocytic 7
Over Myelocytic
30 yrs. e 8
Unclassified 9

Figure 1. Leukemia Classification and Cell Classification. From: Appendix, Cancer and Leukemia Group

B, Protocol 2 (1957).

While studies that grouped children and adults were still common (see for example CALGB protocol 21
1962), oncologists increasingly targeted either children or adults and differentiated patients by cell

type. It became less and less meaningful to pool together leukemic patients.

Consider the table from a study conducted by Carter et al. in 1962 (See Table 1). The study focused
exclusively on children and differentiated between no less than four morphological types (lymphocytic,
monocytic, granulocytic, erythroleukemia). It compared three different regiments (6-MP at different doses

or a combination of 6-MP and hormonal therapy) to test links between morphology and drug efficacy. As
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researchers began comparing the cell morphology of adults and children, they also compared cell
morphology within samples of leukemic children. Such refined data on cell type would have been
meaningless just a few years earlier. In the 1960s a new question became possible: Do patients with
different types of leukemic cells respond differently to treatment? Cell morphology became a diagnostic

tool for designing subsequent trials.

Table 1

Table 1. Patient response according to specific drug regimen and type of leukemia
6-MP (2.5 mg/kg) 6-MP (6.6 mg/kg) 6-MP(2.5 mg/kg)+
DON (0.25 mg/kg)
Type of Leukemia Patient Patients Patient Patients Patient Patients
Reviewed | attaining Reviewed attaining Reviewed attaining
complete complete  or complete or
or partial partial partial
remission remission remission
Undifferentiated 31 18 40 20 35 29
Lymphocytes 15 11 14 11 18 17
Granulocytes 5 1 5 1 5 2

Table 1. Classification of patients by morphological type of leukemia and drug response
From: Carter et al. The Frequency of the Various Morphologic Types of Childhood Leukemia and Their

Response to Certain Chemotherapeutic Agents. Cancer Chemotherapy Reports 16 (1962: 156).

Soon after, age became a proxy for cell type, and childhood leukemia was identified with ALL. In this

context, the standardization of morphological classification became of urgent concern.
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The difference between the various types of blasts may . . . no longer simply be of academic
importance, for in these days of more or less specific chemicals for specific types of leukemias, it
is often highly desirable to know the precise character of the type of leukemia which is to be
treated. A number of more searching diagnostic procedures have therefore been introduced,
many in recent years, which may be thought of as neo-morphology. (Dameshek 1962:6)

While Dameshek acknowledged the gap between what hematologists should and could see under a
microscope, he announced that ‘a new diagnostic criteria has been made available.” Referring to ‘suspect’
cell organs (e.g., nuclei, mitochondria, and organelle) that might hold the key for cell differentiation, he
targeted the entities that needed to be made visible in standard stains. Hematologists, he argued, were at
the brink of developing ‘newer optical methods’ that would enable them to see the difference between
primitive cancerous cells. Dameshek even listed the technologies that promised to help microscopes catch
up with the clinic, among which were ‘supravital staining,” and time-lapse phase motion pictures

(Dameshek 1962: 7).

Ironically, Dameshek was both right and wrong in his prediction. None of the technologies he mentioned
was the key to a revolution in differentiation lymphoblast from myeloblasts. Ambiguity was eliminated
with the advent of flow-cytometry and immunophenotyping of surface proteins. Dameshek was right,
however, to celebrate the arrival of a new diagnostic criteria. Hematologists did learn to differentiate
between blasts, but they did so using old optic methods. Responses-to-treatment were used to subdivide
patients with different leukemias and thus to validated morphological distinction. Oncologists were able
created a rich corpus of cell-staining knowledge that was solid enough to become part of cancer clinical
trials. Morphology still underlies laboratory work until today, alongside immunophenotyping (Cambrosio
and Keating 2003). Not all distinctions and cell types studied by researchers ended up in diagnostic
tables. Monocytes, for example, (also in table 1) were eventually subsumed under the category of
myelogenous leukemia. But ALL, AML, CML, and CLL became the fundamental classificatory

categories in onco-hematology.
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Conclusions

In this paper, I have examined the relations between diagnosis and therapy and demonstrated that the
development of new drugs can transform the very way we classify and understand diseases. I have argued
that therapy has transformative potential not only when it works, but when it works just well enough to
mobilize support and motivate the restructuring of the tasks and problems of medicine. I have shown that
drug development under conditions of uncertainty, scarcity of candidate drugs, under-organization, and
jurisdictional pressures led oncologists to develop a very specific practical orientation. Oncologists
moved away from rigid drug testing and instead reinvented what it meant for drugs to ‘work,” carefully

manufacturing the conditions under which drugs could ‘work.’

This account offers a few contributions to the literature. The existing literature has mostly discussed
clinical trials as mechanisms for political legitimation used to adjudicate competing claims about efficacy
and harm (Marks 1997). Building on the work of Greene (2007) and Keating and Cambrosio (2011), this
paper demonstrates that clinical trials can also function as experimental spaces that are highly conducive

for developing radically innovative practices.

Another contribution is in the specific approach I take to investigate the experimental function of clinical
trials. I do not focus exclusively on technological and scientific innovation but shift the analytic focus
onto the normative entrepreneurship of oncologists. Throughout the paper, I show that the epistemic,
classificatory, organizational, and technological ingenuity of oncologists cannot be understood
independently from their normative and ethical inventiveness. Therapy, by definition, links technologies
with normative and ethical concerns. Research on clinical trials must account for the co-production of
technological means and normative goals (Jasanoff 2004). I use the concept, ‘adequate trials,” to unpack
co-production and examine the conditions under which technology testing became less rigid and more

conducive to normative change.
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The case of leukemia is a story of diagnoses specification—oncologists split up a two-cell grid into four.
This story fits a bit too well with the popular exception that with scientific progress, diagnoses will
become increasingly narrow and true-to-nature. The analysis of diagnoses and therapy, however, can
capture quite the opposite trend. The search for therapy leads experts to lump diagnostic categories
together just as it leads them to split them up. The case of leukemia itself displays such reversal. As soon
as they established the distinction between ALL/CLL/AML/CML, oncologists created the category of
‘blood cancers’ by lumping together leukemias and lymphomas. Such a category was necessary in order
to transpose practices and models from treatment of leukemia to treatment of lymphoma and solid tumors.
Leukemia became a model for other cancers and was ‘put together’ with lymphomas under the category

of ‘liquid cancers,’ both in theory and in practice.

In an era of ‘precision medicine,” when cancer classification is undergoing intense fragmentation with
critical costs for distributive justice, it especially important to push back against deterministic approaches

to diagnoses and to reground medical classification in the institutions and practices of therapy.
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Chapter 2: From Bullets to Cocktails: The Invention of New Therapeutic Methods in Cancer

Chemotherapy

From Bullets to Cocktails

Because our medical scientists have found miraculous cures for some of man’s oldest affiliations, the
public understandably now expects miracles to cure the rest.

Ravdin on the Clinical Studies Program of the NCI (1962:5)

Today, sound scientific evidence and models support the idea that cancer can only be treated by
combinations of medical interventions. We know that tumors are made of heterogeneous and competing
subpopulations of cancer cells, with constantly evolving mechanisms of drug resistance (Bakhoum et al
2017, Fidler 1978, Merlo et al 2006). Thus, the contemporary view, even regarding ‘smart drugs’ and
‘targeted therapies’, is that cancer can only be defeated with an array of weapons attacking the

multiplicity of mutations in tumor clonal evolution (Barber et al 2015).

The search for a cancer therapy, however, did not begin as a search for an ‘arsenal of weapons’ or
imagined as an attack on multiple fronts (DeVita 2015, Mukherjee 2011). The first compounds with
antitumor effects were discovered in an era of therapeutic optimism, when antibiotics, malaria treatment,
insulin and other miracle drugs flooded the American market. The early evidence from experimentation
with nitrogen mustard and folic acid antagonists gave rise to the hope that soon, a cancer cure might be
found (Lowy 1996, Patterson 1987). These hopes, however, were premature. The drugs could induce
short-lived responses, but patients eventually relapsed. In attempts to treat tumor recurrence, it also
became clear that tumors developed resistance to drugs. While chemotherapy began as a search for an

antibiotic-like drug, the challenges encountered in chemotherapy wards quickly shifted oncologists’

47



efforts from magic bullets to clinical protocols. Oncologists began developing and testing complex

combinations of toxic drugs and supportive interventions.

These investigations, however, were incompatible with contemporary dominant models of rational
therapeutics and drug development in two fundamental ways. In the first half of the twentieth century,
American doctors were moving away from ‘heroic medicine’, a clinical approach that encouraged risky
and aggressive procedures as the key to therapeutic success. Doctors adopted a new professional ethos of
rational therapeutics grounded in the rejection of extreme procedures and unsupported therapeutic claims
(Marks 1997, Lavi 2005). While American medicine became increasingly skeptical towards heroic
procedures, oncologists began experimenting with lethal compounds that could induce permanent harm or
even kill patients. Oncologists saw toxicity itself as a therapeutic tool and risked inducing ‘irreversible
toxicity’ (toxic intervention after which patients’ bone marrow could not regenerate) to arrest neoplastic
growth (CALG-B archives, 1962 protocols 6 through 11). Nitrogen mustard for example, one of the most

important compounds in early experimentations with chemotherapy, originated in chemical warfare.

Another key problem was the use of drug combinations. In the 1950s and 1960s a new medical-regulatory
model has come to shape the development, testing, use and regulation of drugs. This model, which was
formalized in the drug approval procedures of the FDA in the 1960s, centered on drugs as distinct objects.
In contrast to previous models that identified therapeutics with complex and intertwined procedures
(Rosenberg 1992), the emerging model sought to isolate drugs’ effects from confounding factors in order
to establish their efficacy. Within this context, the simultaneous use of drugs came to be seen as ‘bad

practice’ or ‘sloppy medicine’ (Carpenter 2010, Devita 2015).

Toxic multidrug protocols were guaranteed to create provocation. Chemotherapy involved lethal toxins
that were controversial even when tested each at a time. Yet oncologists were administering them in

combinations. Vincent Devita (2015: 47), the former director of the NCI, recalls:
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They [Freireich and Frei] decided to give the drugs in combination: two or more at a time. The
medical community was scandalized. Using more than one drug at a time to treat something
was, as a general rule, considered sloppy medicine. Using more than one highly toxic drug, in
children, no less, and in children who were already suffering, was unfathomable. ...Farber was
the only real voice in favor of cancer research and care in the Harvard academic environment.
He also testified frequently before Congress about the need for more research on cancer and had
helped to raise millions of dollars for that cause. But like all doctors, he has been schooled to
believe that combination antibiotics, or any other drugs, was sloppy medicine. He felt he was
being a meticulous investigator by doing things one at a time. Because he was so prominent,
and Harvard was influential, this had set the tone for all other institutions... (emphasis mine)

Oncologists engaged in therapeutic invention that clearly clashed with the dominant medical-regulatory
model and was often met with skepticism or even hostility." Yet somehow, oncologists managed to
shelter themselves from the regulatory constraints imposed by both government agencies and the medical
profession itself. Lowy (1996:61), reviewing the organization of work within the NCI and its relation to
the FDA and the NIH, concluded that ‘the pattern of testing new anticancer drugs was exceptional.’
Discussing a joint report published by the FDA and the NCI in 1982, Lowy (1996:70) showed that during
the 1960s and the 1970s the NCI managed to shelter anticancer drugs from FDA drug approval
procedures. The NCI, moreover, had ‘near-exclusive control’ over the dissemination of the experimental

substances to doctors and researchers.

How did oncologists develop an experimental enterprise that so clearly clashed with standard norms and
procedures of therapeutics and drug regulation? How did they shelter themselves from the demands of
regulators and patients? How have lethal chemicals become first-line therapies, and how did a search for

a magic bullet become an investigation of combinations and protocols?

Before I turn to address these questions one clarification is needed. Drugs are not pure chemical

substances (most drugs are mixtures of active and inactive ingredients). As therapeutic technologies,

! Interview with Dr. David Nathan May 2017 Cambridge, MA
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moreover, drugs cannot be reduced to their chemical recipes. Drugs’ performance and effects depend on
how we put them to use. Greene’s (2014) research on generic drugs, for example, demonstrates the
complex socio-political processes needed to package chemical mixtures into a single commodity or to
establish that a particular mixture is equivalent to a known drug. The reader might wonder therefore, what
makes a drug a unified object, or argue that drugs are no different from combinations. Indeed, we know
that any number of substances and procedures could be packaged together into a single intervention. To
use Latour’s (1987) terminology, technologies can be ‘black-boxed’. This paper does not set out to
investigate the conditions that enable interventions to be black-boxed, or the failure to pass multidrug
cocktails as single treatments. The paper centers on how oncologists strategically sheltered themselves
from external demands to legitimate experimentation with interventions that couldn’t be neatly packaged

together. For this purpose I simply followed the actors as they referred to drugs and drug combinations.

Science in the Making

The first explanation we must examine to address the legitimation of combination trials, is that
oncologists managed to legitimate the use of combinations of lethal drugs, because they could offer sound
scientific evidence or models to support them. Such explanations are quite tempting: today there is
overwhelming evidence for the superiority of combination therapy over single-agent therapy, and there
are sound scientific explanations to support this fact. The mutational heterogeneity and genomics
instability of tumors, make it impossible to treat cancers without a combination of interventions (Landau
et al 2014). Yet evidence to support broad claims for combination therapy only became popular in the
1970s, when publications of results from combination trials already reached the wider medical

community and gained credibility (See Special Issue of The Cancer Chemotherapy Reports 1974(4)).

To better understand this point consider VAMP, the protocol designed by Emil Frei and Emil Freireich in

the early 1960s. The protocol combined four different substances for the treatment of childhood leukemia
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(vincristine, amethopterin, mercaptopurine and prednisone). It was so remarkably successful that the trial
was stopped when it reached a median remission time of 150 days, the longest remission ever achieved in
the treatment of childhood leukemia (Keating and Cambrosio 2011:52). VAMP’s success was highly
influential in validating combination therapy and is often cited as one of the key events that opened the

way for large-scale cancer chemotherapy trials (Mukherjee 2010).

By itself however, VAMP cannot explain the legitimation of combination chemotherapy. VAMP was a
direct outcome of a series of previous experiments with combination protocols that took place in the
1950s (Keating and Cambrosio 2011:56). How then, can we explain the evolution of practices and
institutional space that made VAMP itself possible? VAMP’s results, moreover, could not provide a
definite and immediate proof that combination therapy ‘worked’. Skeptics waited to see how long
remissions would last and refused to speak of a ‘cure’ (DeVita 2015). In 1965, when Frei and Freireich
published their results, only 2 of the 16 children who originally enlisted in the trial were alive (Keating
and Cambrosio 2011: 61). Yet another problem is that the initial enthusiasm around VAMP in the mid-
1960s can hardly explain why researchers expanded combination trials despite the persistent failure to

replicate VAMP’s success in solid tumors. In 1974 Carter established that:

The overall progress of chemotherapy has been against hematologic malignancies, especially
acute lymphocytic leukemia and Hodgkin ’s disease, but it has not been translated to the common
solid tumors that are the chief cause of cancer death in the United States (1974: 3)

The eventual success of combination trials (to the extent we can speak of such success)* cannot help us
explain how oncologists enlisted patients in combination trials while they were producing the evidence

and publications to support combination therapy.

% The story gets even more complicated as it is unclear that ‘old’ combination regimens of cytotoxic
chemical therapy were ever seen as ultimately ‘successful’. In the 1970s combination approaches were
expanded and centered on elaborative protocols for combining treatment modalities (e.g. use of adjuvant
chemotherapy in surgery). The 1980s, moreover, has already seen a resurfacing of the notion of rational

51



Sociology of science and technology has demonstrated that scientists tend to retrospectively justify
scientific development as a linear unfolding of deterministic ‘progress’. But when we examine science ‘in
the making’, we always find multiple possible trajectories (Latour 1988, 1999). Sociologists must explain
how and why scientific communities chose specific paths, without resorting to retrospective justifications.
We must explain how scientific agendas are formed while scientific facts are still ‘in the making’ under
conditions of uncertainty and controversy (Collins 1985, 2004). It is perhaps clear why, when facing the
limitations of single-agents, oncologists turned to investigate drug combinations (I will return to this point
in the following sections). We must remember, however, that at the time, oncologists had no way of
knowing if this bet ‘will pay off’. The drug combinations administered in clinical trials had fatal
consequences for patients. It was not yet clear if it was even possible to devise an effective combination
without risking lethal toxicity. To explain how oncologists managed to legitimate experimentation with
lethal combinations, we must develop a sociological account that does not circle back to the eventual

triumph of the combination approach.

Professional Interests and Organizational Capacity

In her book Between Bench and Bedside: Science, Healing, and Interleukin-2 in a Cancer Ward, Lowy

(1996) offers a sociological explanation for the expansion of investigations of an ‘ever-growing’ number

of drug combinations in cancer clinical trials.

Léwy emphasizes three factors in her analysis.® First she argues that the American ‘frontier mentality’

contributed to an ethos of risk-taking that legitimated the testing of toxic drug combinations in humans.

targeted therapy, which culminated in the approval of Gleevec in 2001

(Keating and Cambrosio’s 2011 see Part III). Combination approaches today, are based on knowledge and
technologies that did not exist in the 1970s (driven mostly by omics research).

% Lowy also included some more ‘psychological’ explanations, offering that the trials enabled oncologists
to escape the feeling of helplessness and distance themselves from experience of personal failure (Lowy
1996:71).
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Additionally, Lowy argues that from its very beginning, oncology evolved through tight links with the
laboratory: chemotherapy attracted specialists working in pharmacology, cell biology, toxicology,
biochemistry and endocrinology. This historical contingency, argues Lowy, had two important
implications for the future evolution of chemotherapy. First, it meant that experts from various fields in
basic sciences were invested in the project of cancer chemotherapy. A second implication is that the
socialization of oncologists themselves linked them to a ‘strong pro-science tradition’ and afforded them
massive organizational capacity and material resources. The evolution of cancer chemotherapy as a
project of elite researchers produced a paradoxical phenomenon. Oncologists and scientists could justify

the intensification of investigative efforts in terms of their own failures:

The links between oncologists and basic sciences were not affected by the difficulties of finding
an effective drug therapy for the majority of cancers. Probably just the opposite was true. It is
plausible to assume that the dearth of results with chemotherapy, combined with high
expectations from the public (and politicians) of rapidly finding a ‘cure for cancer’, promoted the
conviction that even more intensive preclinical and clinical investigative efforts were needed
and contributed to the maintenance of a research oriented method (Lowy 1996:64 emphasis
mine).

The ‘high organizational efficiency” of oncologists, i.e. their ‘ability to articulate the interests of
numerous professional groups’, led oncologists to respond to their ‘low technical efficiency’ i.e.
therapeutic failure, by expanding clinical trials. To expand the trials oncologists exploited the inherent
opportunities of the multidrug approach, that offered an infinite number of ways to combine drugs. The

result was experimentation with an ever-growing number of combinations (Lowy 1996:61).

This explanation highlights key factors that were necessary for the expansion and continuation of
combination therapy trials. The enrolment of specialists from various laboratory disciplines, as well as the
mobilization of organizational and material resources available through networks of elite institutions were
essential for the expansion of the trials. Yet this explanation has a number of significant limitations. As it

focuses on path dependency, it does not offer to explain how the links between chemotherapy and the
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laboratory were formed to begin with. How were the problems of chemotherapy articulated as a set of
challenges for basic scientists? This explanation, moreover, assumes the institutional autonomy of
oncologists and other specialists working in cancer chemotherapy. While Lowy acknowledges the
importance of public expectations and political pressure, in her account there is no mention of how

oncologists managed demands from disappointed patients and regulators.

Research literature demonstrates that institutional autonomy is not simply given, it needs to be won and
protected (Abbott 1988, Eyal 2002). Sociological research also amply demonstrated that clinical research
is not at all sheltered from incursions of patients and other interested publics (Epstein 1996, also see
Lowy’s own work in Preventative Strikes 2011). In the paper ‘How Means Turn to Ends’, I address the
question of the therapeutic legitimation of chemotherapy more directly. In this paper I propose to further
Lowy’s analysis by exploring some of the tactics by which oncologists gained institutional autonomy and
created a space for clinical research. Drawing on Keating and Cambrosio’s analysis of oncology as ‘a new
style of practice’ I develop a more detailed account of how the problems of chemotherapy were
articulated as problems for clinical research. Specifically I propose that quantification of drug synergy
and the articulation of the problem of drug resistance were key tactics in enrolling basic scientists. To
provide a more systematics theoretical understanding of how and why these tactics worked, I build on
Eyal’s (2002) structural model of power and expertise (which itself, builds on Bourdieu’s interpretation of

Weber).

Before I turn to develop such an account, I provide a brief review of the regulatory environment in which
oncologists had to navigate their way. I review the drug-centered model that came to dominate clinical
practice and drug development in postwar United States. While oncologists were not a target of FDA
regulation (as discussed above), the emerging medical-regulatory infrastructure forced oncologists to

articulate an alternative approach to therapeutics and drug development.
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The Magic Bullet

At the turn of the twentieth century, American medicine was changing. The medical profession was
restructuring its institutions and aligning itself with laboratory-based disciplines to ground its authority in
basic sciences (Starr 1982).* American physicians were endorsing the influential ideas of Paul Ehrlich,
who in 1900 introduced a new conception of a medical drug that sought to lay the foundations for rational
therapeutics. An ideal drug, according to Ehrlic, was a ‘magic bullet’. It treated the cause of the disease
and not its symptoms, working through a selective mechanism of action that attacked the disease-causing
pathogen while leaving the host unharmed. The causal links between the pathogen and disease and the
drug’s mechanism of action, Ehrlich asserted, should be established in the laboratory prior to treatment in

patients (Healy 1997:20).

Rational therapeutics became central to reform movements that sought to transform American medicine
in the first half of the twentieth century (Marks 1997, Podolsky 2015). Therapeutic reformers were
leading American medicine away from °‘heroic interventions’ (i.e. aggressive procedures such as
bloodletting and calomel poisoning). Doctors adopted therapeutic skepticism toward what they came to
see as intrusive and dangerous procedures, supported by anecdotal evidence (see Marks 1997 chapter 2 on
collaborative studies for validating clinical evidence). The magic bullet model gained additional traction
with the ‘drug explosion’ that followed WWII. Advances in pharmacology and wartime investment in
medical research have flooded the market with new ‘miracle drugs’: antibiotics, insulin, and malaria
treatments turned diseases that were once a death sentence into manageable and curable conditions
(Greene 2007). These celebrated compounds strengthened the belief in a rational therapeutics that would

triumph over disease with miracle drugs (see Lowy 1996: 22 on ‘scientific medicine’).

* A more detailed and precise chronology of these gradual transformations is offered in research
literature. Relevant advances in psychology linking the clinic and the laboratory date back to the
nineteenth century. See for example Canguilhem (1989) and Rosenberg (1977).
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The postwar drug explosion strengthened the vision of a drug-centered therapeutics in yet another
important way. The influx of new drugs overburdened medical professionals and regulators with claims
of therapeutic efficacy and created an urgent need for a system for evaluating these claims. A new
infrastructure for drug regulation had to be put in place (Marks 1997). This infrastructure, in turn, has

given stable and concrete form to specific conceptions about drugs and therapy.

During the 1960s, the FDA, together with statisticians, epidemiologists and other medical experts,
(notably doctors specializing in infectious diseases and in cardiovascular diseases), established the
organizational platforms and experts knowledge for a new regulatory system, namely the randomized
controlled clinical trials (Carpenter 2010, see Marks 1997 part II Statistics and Institutions or the Triumph
of Method). The trials were designed to isolate the effects of single agents from confounding factors to
establish their safety and efficacy.’ These two key demands have since become that hallmarks of the FDA

drug-approval process.

This emerging ‘regulatory science’ (Jasanoff 1990) has formalized a model of therapeutic intervention
that centered on drugs as distinct objects and sought to link drugs to their specific effects. It contrasted
with previous models that centered on complex intertwined procedures, often said to be ‘as much art as
science’ (Lavi 2005).® Within this context, doctors came to adopt notions of ‘good practice’ that rejected
simultaneous administration of drugs. Rational and responsible doctors, it was believed, cautiously
administered drugs one by one until the patients’ response indicated that the ‘right’ drug was found

(Devita 2015).

® There were attempts to test more complex treatments in randomized trials, such as dietary intake, but
these were unsuccessful because of the complexity of the intervention defined as ‘treatment’ in the
experimental design. Such failures reinforced the drug centered model.

® This was especially true in the field of cancer ‘in no field of practice is it more apparent that medicine is
an art than in the management of pain from cancer” (Hancock 1959: 76).
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These transformations in medical practice were inseparable from the restructuring of the pharmaceutical
industry and market. As medicine was aligned with basic sciences, the pharmaceutical houses were
restructured around the standardization and purity of pharmaceutical agents. Greene and Podolsky

(2011:489) indicated that:

Concerns regarding combination drugs can be traced to the early decades of the 20th century,
when “ethical” drug firms were differentiating themselves from patent-medicine hucksters. In
contrast to the secret mixtures of patent-nostrum makers, the medicines sold by “ethical” drug
houses consisted of contents that were easily identifiable by chemical names.

While remedies were traditionally identified with concoctions and secretive recipes, a new concept of a
medical drug was emerging; pharmaceutical agents transparently identified with specific chemical
substances or compounds. The ‘ethical’ drug houses that emerged at the turn of the century, catered to a
medical profession that embraced ‘rational therapeutics’. The increasing prominence of this new
conception of medical drugs was strikingly evident in the active measures taken against the

manufacturing and selling of fixed-dose drug combinations.

By the early 1950s, pharmaceutical houses thriving on blockbuster sales of broad-spectrum antibiotics,
speculated that the market was headed towards fixed-dose combinations that could offer wide-range
utility and synergistic efficacy (Podolsky and Greene 2011:489) The 1938 passage of the Food, Drugs
and Cosmetics Act strengthened the FDA’s regulatory authority, but still allowed manufacturers to run
multi-page advertisements for drug combinations. The stipulation of the new criteria for drug approval in
the 1960s, mandated the retroactive withdrawal of fixed-dose combination off the shelves. Podolsky and
Greene (2011:489) indicate that ‘by the end of the 1960s, not a single fixed-dose combination antibiotic

had survived the purge”.

" These years of pro-regulatory climate were commonly seen in research as a result of the thalidomide
crisis, but as Daniel Carpenter (2010) shows, the new schemes of drug regulation were long in the making
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While we established the significance of the magic bullet model, at this point the reader might wonder if
the evolution of the new regulatory system was even relevant to the work of oncologists. The 1960s
regulatory efforts targeted pharmaceutical houses and fixed-dose combinations of antibiotics. They
aimed to keep a greedy and powerful industry in check, and were motivated by fear of a market failure
and abuse of consumer trust (Podolsky 2015). Anticancer drugs, however, were not produced by a profit-
oriented industry and oncologists were not suspected of promoting combinations for profit. (During these
years cancer chemotherapy accounted for 0.1 percent of global pharmaceutical sales (Timmerman 2018)).
The reader might argue that because cancer chemotherapy had such loose links to the pharmaceutical
industry, these reforms had little bearing on the work of oncologists. I argue, in contrast, that it would be
a critical omission to discuss the evolution of cancer chemotherapy without considering the emergence of
these new models for developing, evaluating and regulating drugs. The fact that the regulatory efforts
targeting combinations did not undermine cancer chemotherapy is not to be taken for granted — it is
exactly what we need to explain. Even if oncologists were not targeted by the FDA, the magic bullet
model demanded the articulation of an alternative therapeutics that could shelter the work of oncologists
from being perceived through the drug-centered lens. How did oncologists distinguish themselves from

‘mere drug prescribers’? How did they legitimate drug development that centered on protocols?

The claim that oncological practices significantly clashed with dominant medical-regulatory models is
also supported by evidence on controversies among oncologists themselves. In interviews with
oncologists who were trained at the NCI and other leading cancer institutions in the 1960s and 1970s," all
interviewees confirmed that the ‘old generation’ of doctors and specifically Sidney Farber and Tom Hall,

the head of the Leukemia Group A, were strong opponents of combination therapy. The interviewees told

in the decade preceding the crisis. Similarly, these changes can be viewed as a backlash against the
aggressive pharmaceutical marketing of the 1950s (Podolsky 2015).

8 George Canellos, James Holland, David Nathan, Joseph Bertino, Franco Muggia, Richard Simon, Takao
Ohnuma.
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of Farber’s strong negative views on drug combinations. David Nathan, the former director of the Dana
Farber Cancer Institute, recalls the following meeting with Farber. After completing his fellowship at the
NCI, Nathan become chief of hematology at Boston’s Children's Hospital (CHB) in 1967. He recalls that
pediatricians were simply refusing to send children to the oncology wards, were they would be treated
with combination therapy. Nathan knew that he was witnessing Farber’s influence. As he entered Farber’s
office to confront him and convince him to send children to combination trials, Farber grabbed a match,
splintered it and ‘threatened to break me just like that” (Interview with David Nathan May 2017 Boston

MA).

While Sidney Farber paper’s collection cannot be traced, a review of his publications demonstrates that
Farber mostly worked on combinations of treatment modalities. He was interested in the use of drugs to
potentiate radiation, and published a few studies combining chemotherapeutics and hormones. He never
tested combinations of cytotoxic compounds of various classes. In a paper published in 1958, he

expressed reserved skepticism towards combination therapy:

If laboratory methods could be constructed for the accurate evaluation of combinations of
chemical agents that might be used together, in sequence, or in combination with radiotherapy,
the task of choosing the proper method of treatment in Hodgkin’s disease would be greatly
simplified. Lacking such laboratory aids, we may ask those clinical investigators who are
prepared to carry out such studies whether a retrospective study of the action of chemical agents

® From the interview with David Nathan: “So I remember my favorite moment in my career was walking
across the lawn to go to the Jimmy Fund building for my last trip. I mean, it was 1974, 73. And the
assistant physician in chief, William Bahrenburg, who knew Dr. Farber very well, was close to him, saw
me walking over there, knew exactly what I was going to do. And shouted at me, "Be careful of the match
trick. And I said, "What do you mean? What's the match trick?" "You'll see." .. So I went up there. And
I'll never forget this meeting. And there he was. And I finally got to this point saying, "Dr. Farber, I'm
sorry but I cannot do it anymore. I'll have to send the patients — "and he stood up, he opened the drawer
of his desk, took out a kitchen match, broke it in his fingers and threw the pieces in front of me. And said,
"I will break you like that. And I looked at these — I can still see it. I looked at these pieces of the match,
and I said, "That's the match trick." Which was — really, it just came out of me. And with that, I've never
seen a human being so angry, you know, he just exploded. And turned beet red. And he walked out of the
room. And it was the last I saw him. The poor man died shortly thereafter of a stroke." (Interview
Cambridge May 2017)
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against Hodgkin'’s disease may not yield inspiration for the simultaneous use of alkylating agents
and antimetabolites.... Understandable reluctance to embark upon such studies without more
knowledge concerning the mechanism of action will make progress in this direction in the
treatment of human Hodgkin’s disease slow, indeed. (Farber 1958:376 emphasis mine)

Both Farber and Hall, interviewees recall, directed oncologists to test drugs sequentially.'® The evidence
of the controversy within chemotherapy cooperative groups reinforces the need to explain how

combinations came to dominate cancer clinical trials.

Therapeutic Objects and Therapeutic Protocols

In the 1960s, the magic bullet model was increasingly enmeshed with regulatory and medical standards
and practices. The notion of drug efficacy, as established in the specific form of evidence from clinical
trials, has become central both to drug regulation and to clinical practice (Timmermans and Berg 2003,
Marks 1997)."" Yet in the exact same period when single-agents were established as the object of
medical-regulatory investigations, oncologists were engaging in therapeutic invention that fundamentally
contrasted with this model. Oncologists faced two major challenges. First, after an initial course of
treatment, cytotoxic compounds stopped working. When initiating a second course of chemotherapy,

moreover, tumors became refractory and patients were no longer responding to treatment.

These two problems shifted oncologists’ attention away from the question of the efficacy of any given
compound. Single-agents were failing to produce durable remissions. Oncologists therefore, became
interested in the potential of multidrug trials. Rather than testing drugs, oncologists were inventing

clinical protocols that articulated schemes for combining alkylating agents, antimetabolites, steroids,

"% Interviews with George Canellos July 2017, James Holland July 2017, and Joseph Bertino September
2017.

" There is a significant strand in research literature arguing that medicine has become centered on the
prescription of pharmaceutical agents (see for example Abraham 2010 on ‘pharmaceuticalization’). There
is plenty of evidence, however, to suggest that attempts to reduce medicine to mere drug prescription are
very successfully countered by medical specialists asserting their expertise (Greene and Watkins 2012).
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antibiotics, and complex supportive therapies including air filtering, blood transfusions and prophylactic
antibiotics (Keating and Cambrosio 2011). The methods they employed therefore, were not primarily
designed to estimate the contribution of each drug on its own, but to create drug combinations that could

outperform existing drug combinations.'”

How can we explain oncologists’ success in securing ongoing support for clinical trials, when their work
so clearly clashed with the dominant model of rational therapeutics and the emerging practices of FDA

drug approval?

I propose that oncologists managed to shelter themselves from regulatory demands by positioning
themselves between scientists and clinicians and establishing a space for clinical research. By securing a
space for clinical research, oncologists sheltered themselves both from the demands of patients and the
negative consequences of the failure to treat them, as well as from the regulatory procedures of drug

testing developed by the FDA at the time.

To develop this account I draw on the work of Keating and Cambrosio (2011) and their analysis of
oncology as ‘a new style of practice.” Keating and Cambrosio trace the organizational and infrastructural
innovations that enabled oncologists to develop platforms and practices for clinical cancer research.
Specifically, they account for the formation of the network of cooperative groups that conducted research
on cancer chemotherapy, and the innovative practices they developed to produce and measure new
experimental phenomena in cancer clinical trials. To add to their account of the emergence of clinical
research in cancer chemotherapy, I focus specifically on the problem of the legitimation of combination
therapy. I emphasize that to create an institutional space for clinical research, oncologists had to establish

alternative models of therapeutics and drug development to shelter themselves from the drug-centered

"2 In some cases, the study of combinations did lead to a debate about the ‘real’ value of certain
substances, yet according to some oncologists it did not matter if a drug performed poorly on its own as
long as it improved the overall outcome (Interview with Muggia about 5-FU).
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approaches that became dominant at the time. I show how by establishing agendas and space for clinical
research, oncologists could engage in drug development that prioritized procedures over black-boxed

objects.

I argue that oncologists used two main tactics to create and legitimate clinical investigations that focused
on combination therapy: (a) quantification: oncologists used statistical models to articulate the problem
of drug synergy as a major therapeutic agenda (b) abstraction: oncologists articulated the problem of drug

resistance as a challenge common to both cancer chemotherapy, and treatment of infectious diseases.

The quantification and abstraction of knowledge enabled oncologists to mobilize epistemic, technological
and normative resources to create, secure and legitimate clinical research on drug combinations. Through
the quantification of drug synergy and the articulation of the problem of drug resistance, oncologists
formulated a set of problems around which collaboration with scientists was built. Oncologists were thus
able to enroll experts from various laboratory disciplines in the project of cancer chemotherapy and
establish their place at the National Institute of Health (these efforts might be described as ‘translations’
to use Callon (1986) terminology). These tactics also enabled oncologists to adopt models and tools from
various scientific and medical fields and articulate schemes for clinical investigations. Oncologists

adopted tools and models from statistics and from medicine of infectious diseases.

Finally models of synergism and the problem of drug resistance also provided oncologists with normative
resources for legitimating the use of drug combinations. Models of drug synergism shifted the ethical
burden of drug development from the question of the efficacy and safety of single agent (which was the
ethical focus of FDA procedures) to the commitment to improve the overall outcome of complex
therapeutic procedures. Similarly, the use of combinations in the treatment of tuberculosis was already an
established clinical practice. By linking refractory tumors to resistant bugs, oncologists could draw on the

legitimacy of combinations treatment in infectious diseases to justify multidrug chemotherapy trials. The
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quantification and abstraction of knowledge were not merely political or rhetorical tactics. They were
used to formulate and investigate very real and concrete problems. Yet they also functioned as tools for

enrollment of allies and for normative legitimation.

To ground this analysis in a broader theoretical framework I draw on Eyal’s (2002) structural model of
power and expertise. Building on the work of Weber (1922) and Bourdieu (1987), Eyal proposes to
analyse the power of experts as a question of optimization of autonomy and dependence: Experts need to
gain some degree of control over the evaluation of their services otherwise their expertise becomes too
dependent on the ability to constantly satisfy clients’ demands. If they formulate problems and tasks that
are too removed from the clients’ needs, however, experts risk becoming irrelevant and losing the control
over their domain. The case of clinical cancer research, positioned between scientific investigation and

clinical care, is well captured by this theoretical framework.

Keating and Cambrosio’s analysis also fits within this framework. They show that the organizational
structure of cancer chemotherapy research placed oncologists in a strategic position. On the one hand,
because the research was funded and led by the NCI, oncologists gained a degree of institutional
autonomy that sheltered them from the need to satisfy patients and the directors of the hospitals and
centers in which they worked. Yet because they were embedded in institutions the provided clinical care,

oncologists had access to patients and beds which were critically needed to make the trials possible.

This paper seeks to trace the tactics that enabled oncologists to position themselves between scientists and

clinicians and to ground the analysis in the broader theoretical framework proposed by Eyal. I will expand

on the model and the broader theoretical framework in the following section.
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How Do Experts Gain Power?

Following Weber (1922) and Bourdieu (1987), Eyal (2002) argued that experts gain power as they
manage to balance two sets of competing demands. First, experts must optimize professional closure; the
degree to which access to expert knowledge and professional membership are restricted. Closure is often
achieved by conditioning membership on mastery of esoteric — specific and non-common— knowledge. In
the case of oncology, medical schools and medical boards control access to knowledge, training,
credentials and licensing. When not enough closure is exercised, the profession cannot maintain its
authority as anyone can appropriate its domain and discourse. Closure in itself however, is not enough to
gain power. A second axis on which experts must position themselves, concerns balancing professional
dependence and independence. ‘To wield knowledge as power’ writes Eyal, experts must present their
knowledge as ‘useful, relevant, and accessible to others, and instruct them to use it themselves’. Closure
must be balanced by ‘a certain degree of openness of social relations and discourse, so that expert

knowledge is grafted onto the practices and discourses of its consumer’ (Eyal 2002; 655).

In a state of complete dependence, a profession has no power to define the needs of its clientele or the
criteria for evaluating its own performance. In such case, experts simply tend to the needs of their clients
and must constantly provide proof of concrete results to demonstrate the value and relevance of their
expertise. To free themselves of these demands and protect themselves from external evaluation, experts
learn to take control over the framing of their services. Instead of catering to their clients’ needs, experts
define what those needs should be and what does it mean to satisfy them (Eyal 2002: 655). The classical
example discussed by Weber is that of magicians and priests: while magicians offer magic to solve
earthly problems, priests invented the idea of ‘other-worldly salvation’; thus it is the priest and not the

layperson who controls the definition and evaluation of his service.
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By drifting too far towards independence however, the profession risks losing its position as a necessary
mediator. As the profession tries to keep its hold on the knowledge that was grafted on lay practices and
discourse, experts abstract their knowledge from its concrete applications. Such abstract knowledge can,
in turn, become formalized and detached from experts. Here we come full circle: to make sure they do not
become redundant, experts exercise closure. The balancing of demands across these two axes -

closure/openness and dependence/independence - structures the field of power in which experts emerge.

How can this theoretical framework help us understand the evolution of oncology and chemotherapy?

I argue that oncologists’ success depended on their ability to optimize their position on the axis of
dependence/independence while maintaining optimization on the axis of closure. Oncologists gained
more independence as they managed to position themselves between two groups (a) medical practitioners
whose work is bound to the concrete needs of patients and (b) scientists with relative autonomy in
determining and evaluating the significance and quality of their work. While we can judge progress in
applied sciences on the basis of external criteria,” it is much more difficult to evaluate contribution in
basic science. Scientific communities depend on boundary making that establishes that only insiders can
evaluated the knowledge produced by the community (Gieryn 1983)." Much like priests' invocation of
‘other-worldly salvation’, basic sciences have the capacity to escape external evaluation as they always
have one foot in unrealized potentiality. By creating a liminal space between laboratory experiments and
clinical therapy, namely the controlled clinical trial, oncologists managed to protect themselves from
external evaluation. At the same time, they managed not to drift too far towards basic science thus losing
their relevance for patients or the ability to recruit them. This strategic position enabled oncologists to

offer procedures for drug development that escaped the rising regulatory model. Their positions as

13 Applied sciences are oriented towards tasks that are already commonly defined as problems, and
similarly, there are often acceptable social notions on what it would mean to ‘solve’ them. Of course,
Science and technology studies, as well as sociology and history of science have provided good reasons to
be suspicious of the distinction between basic and applied sciences (see also Narayanamurti et al 2013).
Here however it is enough to take this distinction at face value as it is not at the focus of analysis.

' Although of course, such boundaries are porous and need constant maintenance (Eyal et al. 2010).
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scientific investigations, allowed oncologists to structure a therapeutics that revolved around complex

procedures and that could not be reduced to drug testing.

Data and Methods

This study of the evolution of combination cancer therapy focuses on its early years and covers the period
between 1945-1970. It is based on three major datasets: (1) archival material (2) review of published
scientific literature, and (3) interview data. I have studied the following archival collections: the Nathan
Mantel Papers Collection at the National Library of Medicine (Mantel was a senior statistician at the
NCTI’s biometry branch), The Cancer Chemotherapy National Service Center’s (CCNSC) materials at the
National Archives and Records of Administration, The Mary Lasker Papers Collection at Columbia
University’s Rare Books and Manuscripts Library (Lasker was a member of the CCNSC advisory
committee and one of the founders of the American Cancer Society (ACS), and the Williams Dameshek
and David Nathan Papers Collections at Countway Library at Harvard University’s School of Medicine
(both were senior hematologists and pioneers in oncology). I have also systematically reviewed
publications in the major oncology journal published in the first two decades of cancer chemotherapy;
The Cancer Chemotherapy Reports. Following this review, I have also traced the network of citations and
reviewed publications in numerous other journals (in particular JAMA and NEJM). Additionally I have
conducted seven semi-structured interviews with pioneers of oncological research. All were trainees at the
National Cancer Institute or other leading American cancer centers in the 1960s and 1970s. All were
actively involved in developing the fundamental principles of combination therapy."” Additionally, as
some of the key figures in cancer chemotherapy have passed away in recent years, I have also used

resources from the Oral History projects at M.D. Anderson and Dana Farber Cancer Centers. These hold

' Interviewees: James Holland (Mount Sinai) Joseph Bertino (Rutgers Cancer Institute of New Jersey),
David Nathan (Dana Farber Cancer Institute) , Franco Muggia (NYU Langone Cancer Center) George
Canellos (Dana Farber Cancer Institute), Takao Ohnuma (Mount Sinai), Richard Simon (NIH), Paul
Talalay (Johns Hopkins).
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transcripts of interviews conducted with leading oncologists who have passed away such at Emil Frei and

Emil Freireich.

Clinical Research in Cancer Chemotherapy

What tactics enabled oncologists to move along the axis of dependence/independence and position
themselves between scientists and clinicians? In the following sections, I discuss two tactics used to
articulate the challenges of chemotherapy as problems around which collaboration with basic scientists
could be established; quantification and abstraction of expert knowledge. As quantification and
abstraction created sets of problems for scientific investigation, both helped oncologists establish a space
for clinical research. Note that in the discussion on quantification and abstraction, I do not try and reduce
them to ‘mere rhetorical devices’ or ‘political tactics’. Following Jasanoff (2004), I show that
quantification and abstraction can create new fields of scientific investigation because they
simultaneously function to transform epistemic, normative and political structures. The quantification of
drug synergy and the abstraction of the problem of drug resistance enabled oncologists to formulate
problems for research, shift the ethical burdens and commitments of clinical researchers, and to enroll

other experts in the project of chemotherapy research.

Quantification of the Problem of Drug Synergy

Sociological research on the adoption of statistics in American medicine in the second half of the
twentieth century emphasized the regulatory role of statistical procedures and numbers. In the 1960s and
1970s, the medical profession was under increasing pressure to evaluate new drugs. Clinical trials, a
mechanism of standardization and quantification, was adopted because it offered an -efficient
organizational platform for coordinating internal regulatory action and a comfortable compromise around

external regulatory demands.
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The statistical procedures promised to support collaborative efforts by bridging over the gaps in research
agendas and professional interests of diverse actors. The trials offered to function as a ‘technology of
trust’ (Porter 1996) by eliminating subjective bias from the judgments of various specialists and
clinicians. Finally, statistical studies operated as a regulatory device that allowed the profession to
maintain relative autonomy, with acceptable concessions to statisticians (Marks 1997). Very similar
arguments were made by Timmermans and Berg (2003) regarding the adoption of clinical guidelines. In
the 1980s the medical profession was placed under increasing scrutiny and pressured to provide cost-
efficient healthcare. The profession adopted standardization and quantification in the form of clinical
guidelines as a reasonable compromise. The clinical guidelines were used to hold the profession
accountable, but the guidelines were flexible enough to protect the profession from excessive external

demands.

The adoption of statistical models in chemotherapy research has some similarities with this familiar
account. Statistical models for studying drug synergism, facilitated collaborative research as they operated
as technologies of trust and helped to standardize practices of investigation. The quantification of drug
synergy, was also critical for the enrollment of basic scientists in chemotherapy research. It created a set
of problems that were of interest to mathematically oriented experts in pharmacology, biochemistry and
toxicology. There is, however, one main difference in how statistical quantification functioned in the

context of chemotherapy research.

Unlike the statistical devices used in clinical trials, the quantification of drug combination did not act to
black-box technologies and intervention, but to sustain epistemic openness. Clinical trials focused on
drugs’ effects as fixed entities that needed to be ascertained and estimated. Investigations in
chemotherapy wards adopted a very different approach to drugs. Oncologists were interested in processes

and interactions, in which drugs could produce a range of varying effects. The quantification of drug
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synergy did not try to provide definite answers to regulatory questions, e.g. ‘does this drug work?’ Rather
it structured a space for investigating processes that could be indefinitely modified to introduce increasing

uncertainty and complexity.

Consider the following examples from a paper titled ‘Statistical designs for experiments in combination

therapy’ that was published in 1974:

If an understanding of the nature of the dose-response curve is essential in determining the effect
of a single compound, then it is even more critical in understanding the joint or combined effect
of two or more treatments given sequentially or in combination...Knowledge of the full cure
allows us to to define (a) the region of activity (b) the dose corresponding to maximum activity,
and (c) the region of toxicity. Because random error is inevitable in all laboratory measurement,
we are forced to recognize that we can never be certain of the active region...When two or more
compounds... are given in combined regimen, we are always faced with the problem of defining
the surface in at least three dimensions and possibly a “hyper-surface” in many dimensions...the
response surface may be convoluted in such was that little or no activity is apparent with
increasing doses of one compound unless the dose level of the other compound is within a certain
range... In order to determine whether there is a combination of two or more compounds that can
be presumed to be active, we must explore a response surface...Because of the possibility of
synergistic effect, it is not enough to explore this surface only over the range of doses for which
the individual compounds have been shown to be active when used one at a time. Thus for
example it is quite possible that the optimum doses for agents when they are given in combination
chemotherapy are quite different from optimum doses for each compound when the compounds
are given one at a time (Miller 1974:151-2)

The articulation of the problem of drug synergy created a well-defined space for standardized
investigations of anticancer drugs. Yet unlike the statistical investigation in clinical trials, it focused on
therapeutic procedures and not on therapeutic objects. The ‘testing’ of chemotherapy drugs, involved
flexible ongoing modifications of the parameters of the experiment, while clinical trials had to keep those
parameters fixed (e.g. the dose, the scheduling, drug interaction). Like the statistical procedures used in
clinical trials, these procedures also sheltered medical experts from regulatory demands (e.g. supervision
of the FDA or demands of clinicians and medical associations). Yet it did so not by providing definitive

answers to regulatory questions, but by securing a space for unanswered questions. Statistical
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quantification, in other words, secured institutional autonomy for clinical research. Miller provided a

series of graphic representations to demonstrate the shift from studies of dose-response curves to the

study of drug synergy.

DOSE-RESPONSE CURVE
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FIGURE 1.—Typical dose-response curve for a com-
pound presumed to be active.

Figure 2: Uncertainty in Dose Response Curves

From: Miller (1974:151) Statistical Designs for Experiments in Combination Therapy. Cancer

Chemotherapy Reports 4(1).
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DOSE-RESPONSE SURFACE

FiGure 2.—Typical dose-response surface for single-
agent chemotherapy.
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FIGURE 3.—Response surface for combination chemo-

therapy with two compounds in a fixed (but un-
specified) regimen.

Figure 3: Structuring Investigation of Drug Synergy. From Miller (1974:151) Statistical Designs for
Experiments in Combination Therapy. Cancer Chemotherapy Reports 4(1).

71



Oncologists began working on models for estimating additive effect, super additivity, partial additivity
and antagonistic relations. The notion of synergism was also expanded to toxicity profiles. If synergism
existed in therapeutic effects, it might also exist in toxic effects. Combination trials, it was argued, should
aim to find toxic drugs with ‘less than additive’ toxicity. Synergistic toxicity, became a complementary to

therapeutic synergism in justifying combinations:

Combinations of drugs have been found which are less than additive in host toxicity but additive
(or greater than additive) with respect to tumor cell kill. Since host toxicity is about “half of our
problem” such discoveries may represent important therapeutic potentiation. (Skipper 1974:
137)

The graphical visualization were circulated in oncology journals to provide clear demonstrations of drug
synergism to clinicians. Consider the following example from the archives of Nathan Mantel, one of the
chief statisticians at the Biometry Branch at the NCI (See figure 4). These visualization, we can assume,

had a rhetorical function as they provided concrete and accessible demonstration of the statistical scheme.
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Figure 4: Nathan Mantel Biometry Branch at the National Cancer Institute Correspondence on Drug

Synergism. From: Nathan Mantel Papers Collections National Library of Medicine April 1973.

There were considerable complications in establishing a research agenda around synergism. It was not at
all clear what should qualify as synergistic effects or what the mechanisms behind drug synergism were.
Some proposed that synergism was merely a question of heterogeneity. Because different cells were
sensitive to different substances, substances used in combination could lead to greater reduction in tumor
mass, which might then be mistaken for ‘synergism’. Others proposed that researchers should look at
‘potentiating’ mechanisms of direct interaction. Other approaches highlighted the difference in toxicity
profiles that enabled oncologists to administer and overall larger dose of cytotoxic compounds (see
citation from Skipper above). It was also unclear how to establish synergism, when the optimal dose and
cycle for the use of a single agent was not yet known. It might seem that drug B improves the

performance of drug A, if we do not know how to use drug A to begin with. All these complications led
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to debates about what is ‘true’ therapeutic synergism and to the development of models and strategies for
studying synergistic effects (e.g. ‘fully balanced factorial designs’, ‘Method of Steepest Ascent’ (Miller

1974:155, Mantel 1974, Loyd 1974).

We have established that the statistical research on drug synergism articulated problems for clinical
cancer research and established alliances with experts from laboratory disciplines. Yet it also had an
important normative function. The formalized quantified models that distinguished between types of drug
interaction provided an alternative epistemic to both clinical rationality and the statistical approach of the
clinical trials. Models of synergism enabled to pack the simultaneous use of multiple drugs into
rationalized schemes of action. The models enabled oncologists to shift the ethical concerns that guided
the processes of drug development. The question was no longer if drug A and drug B are both effective
and safe, but rather if drug A works better when administered with drug B (regardless of the profile of
drug B itself). To articulate the ethical commitment of the study synergism, researchers set out to
distinguish the question of therapeutic synergism from other types of synergism. Some researchers sought
to use drugs in combination to reduce costs or optimize organizational procedures. This was justified not
only in studies of economic synergism but sometimes, also in the research of human diseases. Mantel

gave the example of penicillin:

When penicillin was first introduced, it was limited in supply and expensive. At that time is was
reasonable to seek out ways which permitted more sparing use of the drug. Today, however,
combinations providing more effective rather than more sparing use of penicillin are the ones to
be sought (1974:148)

Mantel insisted that “this kind of economic synergism between agents does not have complete carryover
in the treatment of disease”. ‘“For the treatment of disease in man” he argued, “we should be interested
in identifying the treatment combination that gives better results (i.e. combinations that have therapeutic

synergism (1974:148). Yet in the case of cancer, he continued, even economic synergism should be

74



pursued. Because of the high toxicity of the drugs, the task of economizing drug quantities, justified the

study of both therapeutic and economic synergism.

Abstraction and Drug Resistance

Zubrod came out of the pharmacology business: infectious disease, Hopkins, and St. Louis
University... So when he came to town, he looked at what cancer was all about and he decided...
they need to do for cancer what they did in malaria...(Frei 2001 p 31)

The quantification of drug synergy was an important factor in establishing a project of clinical research
around cancer chemotherapy. Another key factor was the articulation of ‘drug resistance’ as a distinct

clinical problem, common to both cancer chemotherapy and to the treatment of infectious diseases.

As the Weberian model indicates, the abstraction of knowledge from its concrete applications, is one key
tactic by which professionals move along the axis of dependence and independence. When professional
knowledge is too concrete, professional services are evaluated according to their ability to solve the
immediate problems of clients. Yet by abstracting knowledge from its concrete applications, the
profession gains control over the definition of problems and tasks. The abstraction of knowledge enables
the profession to define its domain more flexibly, and thus to shelter itself, at least to some extent, from
demands and evaluation of clients and regulators. If knowledge becomes too abstract, however, the
profession might lose its relevance for its clients or the grasp on the application of knowledge (formalized
knowledge can be detached from its users and producers more easily). Abbott (1988), similarly discusses
the optimization of knowledge abstraction. When knowledge is too concrete, professional services can be

replaced by automated processes and knowledge becomes vulnerable to more abstract knowledge.

When they encountered refractory tumors, oncologists began to articulate the challenge of drug resistance

as a clinical problem common to both cancer and infectious diseases. By doing so they gained multiple
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advantages. First, as suggested by the Weberian model, articulating the problem of drug resistance
strengthened their position as clinical researchers. Unlike doctors who simply need to cure tuberculosis or
a cancerous growth, the study of drug resistance is one step removed from these concrete problems of
patients. A doctor researching drug resistance, is therefore more sheltered than an ‘ordinary doctor’ from
the negative consequences of failing to cure a patient. To create this link, oncologists had to move away
from the specificities of tumors and bacteria. One central hypothesis concerned heterogeneity of tumors

(although the heterogeneity discussed at the time, is not the one discussed today in omics research).

Increasing evidence indicates that combination chemotherapy is necessary for the cure of
malignant disease...a recent article summarized much of data revealing that a single neoplasm is
composed of a diversity of malignant cell types. It is therefore possible that each cell type may
require a different chemotherapy. The suggestion that chemotherapy directed against a
heterogeneous neoplastic cell population requires combination of agents would remain an
interesting concept without supporting in vivo biological data. In this regard it is pertinent that
trials of chemotherapeutic agents upon metastatic lesions from the same tumor have revealed a
pronounced variation in the degree of response, which ranges from complete disappearance to no
effect. (Martin 1960:57)

The linking of cancer and tuberculosis had two other major advantages. The use of drug combination in
the treatment of drug resistance was already a central and common practice in the treatment of three
infectious diseases; tuberculosis, bacterial endocarditis and brucellosis (Podolsky 2015: 45). By linking
refractory tumors to resistant bacteria, oncologists facilitated the adoption of concrete models and tools
that could guide experimentation in practice. Lastly, because combination therapy in tuberculosis
treatment was an established procedure, it could lend normative legitimacy to the use of combinations in

cancer treatment.
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A paper by Howard Skipper published in 1974, demonstrates how the links between cancer chemotherapy
and chemotherapy treatment in tuberculosis were built, and leveraged to legitimate the use of drug

combinations in cancer: '

Some time ago I was talking with Dr. Leon H. Schmidt about the successes and failures in
chemotherapy for tuberculosis and malaria...Several comments he made about the remarkable
progress in the cure of tuberculosis have stuck in my mind. (1) today one would never start out
treating advanced TB with a single drug because of the drug resistance problem. (2)
Combinations of drugs do indeed provide higher cure rates. (3) the combination of an anti-TB
drug, which is relatively poor by itself, with a better drug will improve on the therapeutic
results obtained with the better drug used alone...I wish we had anticancer drugs with
therapeutic indices such as...penicillin for...bacterial diseases. We don’t. Nethertheless the
value of combination chemotherapy in the treatment of disseminated animal and human
cancers has now been established beyond a reasonable doubt. Some early animal cancers and
perhaps two types of disseminated human cancer have been ‘“‘cured” by optimal use of single
drugs. However, combination chemotherapy usually has been required for the best responses in
advanced animal or human cancers.. We suspect the advantage of combination
chemotherapy...are associated with several phenomena: The drug resistance problem: it is not
unusual for one in 10 to the 6th or 10 to the 7th bacterial or cancer cells to be resistant to single
drugs...Combinations of certain drugs lessen the emergence of true drug resistance...(137
emphasis mine)

Skipper leveraged the problem of drug resistance to draw direct conclusion for the treatment of cancer
from experience in treating tuberculosis. The experience with tuberculosis served to prove that not only
that the use of drug combination was not ‘sloppy’, it was the only valid clinical approach. Skipper further
offered a therapeutic perspective that shifted the attention from the question of the efficacy of a single
drug, to the question of the best clinical outcome. The logic he proposed, justified the approval and use of
drugs that might have failed to get FDA approval. He proposed that even drugs that perform poorly (and
would be discarded if tested by themselves), are significant because they can improve the efficacy of
better performing drug. This shift in the epistemic and ethical criteria offered an alternative to the FDA

model that was gaining prominence at the time (see also Skipper and Schabel 1962).

'® While it was only published in 1974 (and this demonstrates my point about the delayed timeline of
scientific publications and our need to be cautious of retrospective explanation) Skipper presented the
views that guided experimentation with combinations throughout the 1960s
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Researchers borrowed methods and models used to explore bacterial drug resistance to antibiotics, to
study resistance to antitumor agents. Greenberg, Mandel, and Woody (1961) for example used E. coli to

map cross-resistance to various cytotoxic compounds (including nitrogen mustard and DON).

Tuberculosis served as a model for devising the basic principles of combination cancer chemotherapy and
to defend the legitimacy of oncological practices. Rhetorically, it also provided a sense of urgency that
helped oncologists overcome fears of inducing irreversible toxicity. In the case of tuberculosis, it was
clear the withholding combination treatment, meant letting the patient die. Skipper’s rhetoric borrowed its
forceful determination from this sense of urgency. The need for immediate action in tuberculosis helped
argue against cautious oncologists that preferred sequential approaches. Yet, the abstraction of the
problem of drug resistance was not merely a political move or a rhetorical tool. It enabled oncologists to
concretely adopt models, methods and tools for treating drug resistance and to apply them in the case of

cancer chemotherapy.

Conclusion: Institutional Autonomy and Institutional linkage

The paper explored the tactics used by oncologists to gain institutional autonomy and establish a space for
clinical research. This autonomy shelter oncologists from the external demands of patients and regulators
and enabled them to explore controversial therapeutic procedures rather than test black-boxed drugs for

efficacy and safety.

The successful alignments with basic sciences, however, involved ‘professional risks’. Oncologists had to
secure their relevance for clinical care and their ability to recruit patients for clinical trials. While they
aligned themselves with basic sciences, oncologists continuously linked their work to clinical care and

framed their practices in terms of therapeutic objectives. The third paper included in this dissertation,
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‘How Means Turn to Ends’, focuses specifically on the normative framing of experimental outcomes in

terms of clinical therapy.

The unique organizational structure of the cooperative research groups also played a key role in securing
the link to clinical care. While the NCI supported oncologists’ autonomy, it did not have enough beds to
conduct large scale trials and its capacity to recruit patients was limited. The cooperative research groups
were crucial to expanding the operation. The members of the groups were positioned in hospitals and
care-centers spread across the United States. They could expand recruitment and provide beds to make

sure the cooperative groups had enough patients to conduct ‘adequate trials’.

Yet it was equally important that resources and treatment protocols came from, and were overseen by, the
central offices of the NCI and the cooperative groups. To conduct the trials patients had to be excluded
from routines of treatment in the institutions in which they were hospitalized. The optimization of
dependence and autonomy, or scientific research and clinical care, allowed oncologists to create distinct
experimental spaces within hospitals in which trial could be conducted. This dual institutional position of
isolation and linkage was crucial to the development of combination trials between 1950-1970. During
this period, researchers were able to test radically novel methods, and to slowly tweak trials and

accumulate evidence to support combination therapy.

We should note that doctors engaging in routine clinical practice, also perform complex interventions that
involve much more than the mere administration of drugs (doctors need to monitor side-effects, identify
risk factors, and engages in ongoing diagnostics to name but a few examples). ‘Ordinary physicians’,
moreover, also must constantly prove that they are not mere prescribers of pharmaceutical agents (Greene
and Watkins 2012). Contemporary clinical practices such as N-of-1 trials and off-label prescription
demonstrate that the alignment with sciences is not exceptional to experimental trials or clinical research.

The mobilization of epistemic and normative schemes from scientific investigations serves to secure the
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power of physicians performing clinical routine work. The tension between drug-centered therapeutics
and procedure-centered therapeutics explored in the paper is therefore relevant for studying both routine

and experimental therapy.
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Chapter 3: How Means Turn to Ends: A Pragmatist Account of the Rise of Oncology

Explaining the Rise of Oncology

A serious investigator who devoted himself to work in the field [of cancer chemotherapy] ran the
risk of having himself considered a bit disreputable or a bit *cracked’...

(NCI investigator Murray Shear in a speech at Sloan Kettering in 1948, cited in Bud 1978: 440)

Between the mid-1940s to the mid-1970s oncology turned from a marginalized experimental practice into
one of the most dominant medical specialties in the United States. In the 1950s and throughout most of
the 1960s, anticancer drugs were only administered in highly specialized settings in hospitals and centers
participating in clinical cancer research. Oncology was not an independent medical specialty, and the
small network of experts experimenting with cancer chemotherapy was working outside of medical
orthodoxy. Yet, by the mid-1970s cancer chemotherapy was a standard therapeutic modality integrated
into medical practice across the United States. Oncology went on to become an influential specialty,

attracting thousands of physicians and medical students (Keating and Cambrosio 2011, Léwy 1995).

The meteoric rise of oncology, however, is not so simple to explain. Oncologists gained professional
dominance despite the fact that they failed to deliver on the promise of a cancer cure and despite evident
and broad dissatisfaction with chemotherapy. Anticancer drugs and drug combinations tested during these
years were ineffective in most types of common cancers, while those patients who did benefit from
treatment suffered horrific side-effects and often developed drug resistance. Even the biggest supporters
of chemotherapy could only justify it as a ‘necessary evil’ (DeVita 2015), and patients, their families, and

government agencies, as well as the medical community itself, often remained critical.
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Popular literature (Mukherjee 2010) offers a common narrative to explain why chemotherapy was
embraced despite its failures. For the first time in history, as the story goes, chemotherapy offered
treatment to those patients with inoperable disseminated cancers. The problem with this explanation is
that in its early years chemotherapy was, in many ways, harsher than the disease itself. Patients often died

not from cancer but from complications related to treatment (Krueger 2008).

Numerous socio-historical studies documented the controversies around cancer chemotherapy during the
second half of the twentieth century. Cantor, for example, reviews the 1960s-1970s backlash fueled by
epidemiological studies that measured the benefits from chemotherapy in terms of morbidity and
mortality rates. Reports published throughout the 1970s argued that despite the enormous investment in
therapeutics, cancer survival-rates had not substantially improved since the 1940s (excluding cancer in
children) and concluded that public spending should be redirected toward cancer prevention campaigns
(Cantor 2007 24-5). In the same volume, Lerner (2007) reviews patient activism against adjuvant breast
cancer chemotherapy. Throughout the 1970s, adjuvant chemotherapy was prescribed to all patients after
surgical removal of breast tumors. Patients challenged the cost-benefit calculus of the profession and

argued that the marginal benefit from chemotherapy simply ‘wasn’t worth it.”'

A comparative review of American and British oncology similarly demonstrates that the rise of oncology
in the United States was neither inevitable nor self-explanatory. Lowy shows that the government and
medical community in the United Kingdom closely followed the cancer chemotherapy trials conducted in
the United States. Unlike the Americans, however, British doctors and government officials concluded
that the disappointing results of these trials did not justify the establishment of a new medical specialty. In
the early 1980s, the United Kingdom had less than a tenth of the number of oncologists per capita than

the United States (Lowy 1995:220).

! The debate revolved around the need to differentiate between premenopausal and postmenopausal
patients in administration of adjuvant chemotherapy.
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Historical studies of American medicine also add to the puzzle. At the turn of the twentieth century,
American medicine has reinvented itself as a modern enterprise. This transformation was not a result of
techno-scientific advancement but of a restructuring of the medical profession and the grounds of its
authority. Medical doctors as late as 1920 'did not have much more in their bags, than they had had in the
nineteenth century' (Patterson 1987:49)% Key reforms were the alignment of medicine with basic science,
and the standardization and bureaucratization of medical institutions, training and licensing. These

included the creation of the modern hospital and patient medical records (Starr 1982, Rosenberg 1992).

The transformation of medicine gave rise to a new ethos of rationality and professionalism. This new
ethos, emerged through the rejection of the dominant clinical approach in nineteenth-century American
medicine: ‘heroic medicine’ from the teachings of Benjamin Rush. Its basic tenet was that is was better to
make mistakes, even if they harmed and killed patients, than to do nothing at all. Aggressive and
dangerous interventions were seen as the key to therapeutic success. Typical treatments included

bloodletting, calomel and arsenic poisoning, blistering, purging, and leaching.

As the modernizing project was shifting the grounds of medical authority, a new generation of doctors
developed a ‘rational ethos’ of ‘healthy skepticism’ toward unsupported medical claims. Doctors
strengthened their professional claim by acknowledging the limits of medical knowledge, placing faith in

the ‘healing powers of nature,” and embracing the commitment ‘to do no harm’ (Lavi 2005: 49-54).

The fact, that the rejection of heroic medicine modeled the ethos of rational medicine reinforces the

question of the rise of oncology. Oncological practices in the 1950s resembled heroic medicine:

2 Although mortality and morbidity were declining thanks to various technological improvements (e.g.
sanitation, diet)
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oncologists administered lethal drugs to bring patients to the brink of death in attempts of clinical

intervention. How did oncologists legitimate these practices against the backdrop of heroic medicine? *

We have established that the rise of oncology is not a case of deterministic techno-scientific progress. I
propose that a sociological account is necessary to explain the success of chemotherapy in the United
States. While ‘professional success’ is tricky to define and measure (see Rose 1992 on Western
psychology for an example), in the case of oncology, the existing socio-historical literature provides
straightforward criteria. The success of oncology is marked by (1) the turning of cancer chemotherapy
from an experimental practice into a standard therapeutic modality alongside surgery and radiation; (2)
the creation of an independent medical specialty around cancer chemotherapy, with distinct training and
certification; and (3) the growth and expansion of oncology (i.e., the number of practicing oncologists in
the United States) (Keating and Cambrosio 2011). Although a comprehensive explanation is beyond the
scope of this paper, I explore a key aspect in the adoption of chemotherapy: the ongoing normative
reframing of its therapeutic objectives. In the following sections, I’ll show that this reframing—Ilargely

overlooked in sociological literature—has been key to oncologists’ success.

Sociological Theories on Medical Experts

How can we explain the success of oncology and the adoption of chemotherapy? Because early
chemotherapy regimens did not exactly satisfy patients’ needs, explanations that centers on the ability of
the profession to solve its clients' problems are not very convincing. A more productive approach would

focus on the ability of oncologists to redefine the problems of goals of their field.

® Granted, some decades have passed between the therapeutic reform and the rise of oncology in the
1940s. During these years, moreover, a series of techno-scientific breakthroughs boosted the confidence
of the medical profession.
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Two key sociological approaches, the sociology of the professions (Abbott 1988) and medicalization
theory (Conrad and Schneider 1992, Conrad 1995, Zola 1972), offer exactly that; according to both
literatures, the success of medical experts depends not so much on the ability to solve the concrete
problems of their clients but on the power to control the supply of and demand for professional services
or on projects of social control. These literatures, however, only take us so far in explaining the case of
oncology. Both the sociology of the professions and medicalization theory grossly overstate the power of
the profession to redefine clinical and therapeutic objectives. If we follow either of these theories, we are
forced to assume that oncologists could strategically impose therapeutic categories that would secure their
professional interests. These assumptions, however, are untenable. Oncologists were a small, marginal
group that was in no position to arbitrarily reinvent clinical objectives or fabricate constructions of
‘clinical gains.” Moreover, it is unclear to what extent such distinct group identity and interests existed in
the 1940s and 1950s. As mentioned, oncology was not a formal medical specialty and did not exist as a
stable professional group. The common term referring to practitioners who administered cancer
chemotherapy at the time was ‘chemotherapists.” Chemotherapists came from various fields, notably

internal medicine and hematology.

The sociology of the professions and medicalization theory further risk reducing the achievements of
chemotherapy trials to ‘mere constructions.” Trials conducted between 1945-1980 introduced clinical
protocols that still underlie cancer medicine today. The expansion of cancer clinical trials and the rise of
oncology depended on very real achievements. Our task is to explain how specific experimental events
became the object of systematic investigation and then crystallized into clinical conditions to be

produced, documented, and celebrated.

A third approach for explaining the success of chemotherapy is offered by Keating and Cambrosio
(2011). Unlike the sociology of the professions and medicalization theory, Keating and Cambrosio
explain the rise of oncology in terms of infrastructural and organizational inventiveness. Their book
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Cancer On Trial offers a comprehensive analysis of the rise of oncology as ‘a new style of practice.’
They account for the construction of the network of cancer clinical trials as an experimental system by
reviewing its key components: the unique network structure of collaborative research groups; the
standardization of the categories, practices, and materials of clinical cancer research (notably through the
introduction of trial protocols); and the construction of infrastructure for collecting and analyzing

statistical data.

My work heavily builds on Keating and Cambrosio’s research, yet seeks to further their analysis. Their
account, focused on organizational, bureaucratic, epistemic and institutional innovation. What is left
underexplored however, is the normative dimension of these inventions. The ‘new style of practice’
generated new modes and objectives for therapeutic intervention. How were these interventions framed
and legitimated? How did oncologists make sense of these radically new practices, not only to enroll
patients but to convince themselves of the necessity of cancer chemotherapy? I will further develop these
questions to explain why normative creativity was inseparable from the construction of oncology as ‘a

new style of practice.’

Historical Narratives

Alongside the theory-driven explanations, a number of arguments about the rise of oncology can be found
in the social history literature. I will briefly review these accounts to show that these, too, reinforce rather

than answer our question.

Perhaps the most common narrative about the rise of oncology in social history attributes its success to
the broad public sentiments in the United States in the postwar years. According to this narrative, the
American victory in WWII, alongside a series of accompanying technoscientific triumphs (including the
atomic bomb and the mass production of penicillin) generated public euphoria that directly translated into
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a ‘pro-science’ culture. Americans felt invincible; they believed that solving any problem, including ‘the
cancer problem,” was merely a matter of sufficient resources and organizational capacity. This public
confidence in science and technology, so the story goes, strengthened the coalition lobbying for
investment in cancer research and opened the way for expermination with chemotherapy. The explanation
focusing on the post-war techno-scientific enthusiasm is well captured in Patterson’s The Dread Disease:
Cancer and Modern American Culture (1987) , but we can also find similar arguments in Lowy’s work
(1995, 1996). Listing the factors that led to the development of cancer chemotherapy in the 1940s and
1950s Lowy (1996:38-7) emphasizes the “growing faith in scientific medicine, boosted by the discovery
of antibiotics..and the belief in the virtues of ‘big science” boosted by the success of war research
exemplified by the Manhattan project”. Lowy (1995) concludes that because oncologists were so oriented
toward science and technology that the more cancer trials failed to deliver satisfactory results, the more

Americans expanded the trial network.*

These arguments are highly important for understanding the case of oncology. Chemotherapy could only
develop under very specific economic, cultural, and political conditions. The UK, for example, simply
could not afford financing a national research enterprise on such a scale. This explanation however,
requires refinement. First, the argument overlooks the controversies around cancer chemotherapy.

Neither American doctors nor American patients received cancer chemotherapy with much enthusiasm.’

Yet a more serious problem with this explanation, is that from a theoretical perspective, it is problematic
to assume that such ‘techno-scientific’ optimism evenly percolated into the complex social system of

research and healthcare. Marks’ (1997) work on the introduction of statistics into biomedicine during the

* See also Lowy 1996: 61 on “organizational efficiency” over “technical efficiency’: the strong capacity
to organize complex trials, despite the low technical efficiency in terms of clinical results led to
intensification experimental procedures.

® Patterson indeed reviews in detail class differences in attitude towards medical innovation and cancer
therapy showing that fear and mistrust towards cancer medicine is still very common in the United States.
He does however attribute the expansion of the ‘coalition’ that lobbied for cancer chemotherapy to the
cultural ‘technoscientific optimism’ in the post war years.
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same time period is a strong case in point. Marks argues that while we can identify broad intellectual
enthusiasm about quantitative and positivist reasoning, the diffusion of statistical methods was hardly
uniform or automatic. To explain ‘the triumph of statistics,” Marks traces specific sites of controversy in

drug regulation, cardiovascular medicine, and epidemiology.

Popular enthusiasm about science and technology, moreover, is often accompanied by attacks on what is
considered to be ‘bad science’ or ‘unscientific’ work (Harrison 1979)°. Pro-scientific sentiment as such,
therefore, cannot explain why practices that were criticized for their ‘wild empiricism’ would be

embraced by the public or the medical community.

While positive attitudes towards science and technology were an important factor, such attitudes had to be
actively cultivated in the specific context of cancer chemotherapy. Rather than assuming American
‘techno-scientific optimism’ as a ready-made variable, our task is to explain how oncologists managed to
mobilize such optimism to recruit allies and secure their support. From this perspective, Lowy’s (1995)
paradox—that the more trials failed the more they were expanded—reinforces our question. How did
oncologists manage to leverage initial therapeutic optimism to secure continuous support, despite the

persistent failure to produce satisfactory results?

Another popular narrative, is that oncologists gained professional dominance because the terminal
patients they were recruiting had ‘nothing to lose’. Medical practitioners at the time refused to treat
patients with advanced disseminated cancer and instead advised them to go home and forget that they had
ever heard the term ‘cancer’ (Devita 2015, Patterson 1987). Oncologists were the only ones willing to
fight for these patients. Their commitment to save lives at whatever cost, even in the face of certain

failure, paved the way for future generations of oncologists equipped with more effective drugs and

® These are often related with endogenous dynamics of inflation in techno-scientific promises and the
inherent uncertainties of the sciences.
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protocols (Mukherjee 2010). This account, which I term the ‘nothing to lose’ narrative, is most often

adopted by oncologists themselves.

The ‘nothing to lose’ story explains the rise of oncology in terms of normative and ethical factors. It
emphasizes the intrinsic value of life and the powerful drive to survive that is characteristic of ‘human
nature’. While this powerful explanation cannot be ignored, it fails to capture the complexity of the
normative legitimation of cancer chemotherapy and the role that life, death, hope, and cure played in its

framing.

Let’s examine the limitation of this explanation. First, it is imprecise to say that terminal patients had
‘nothing to lose’. As discussed earlier, cancer chemotherapy was in many cases harsher than the disease
itself. Many patients chose to spend their remaining time in their own homes and communities rather than
bedridden in hospital wards. Furthermore, it was not always possible to predict exactly how much time
‘terminal’ patients had left (this could range from days to months and even years).” A ‘good death’ and
the quality of the remaining time were strong cultural and normative alternatives to experimental therapy
(Lavi 2005). Even today, when we have much better control over the toxic effects of experimental
therapy, end-of-life care is a flourishing industry successfully competing with the experimental
therapeutics (Baszanger 2012). Most importantly, as I’ll show in the following sections, during the 1950s
and 1960s oncology was perceived as palliative therapeutics. It did not draw its legitimacy from a

commitment to save and cure patients, but from a commitment to terminal care of the dying patient.

Accounts assuming that oncology had fixed ends—such as the ‘nothing to lose’ narrative—fail to explain

the evolution of oncology. Cancer chemotherapy trials failed to deliver a cure and to save patients. The

! Additionally, as Eyal and I show in a different paper, patients who were actually dying were a waste of
time and resources from an experimental perspective, because they were unlikely to survive long enough
for the drugs to ‘kick in’ and for them to overcome toxicity. Oncologists developed clinical exclusion
criteria to make sure that trial recruits had a minimum life expectancy and function.
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fact that trials continued and expanded despite these failure would be better explained in terms of
flexibility and creativity than in terms of rigidity. The commitment to cure patients was not a deep-seated
goal always underlying chemotherapy. Rather, the goals of oncology were continuously redefined in the
decades between 1940s-1980s. 1 examine the goals of oncology not as ‘ends’ but as ‘ends-in-view’:
intermediate ends which are directly derived from available means, to be tested and replaced in an

ongoing recalculation of course of action (Whitford 2002).

Normative Creativity and the Rise of Oncology

A review of existing theories and accounts, suggests that to further our understanding of the rise of
oncology we need to better understand the normative creativity of oncologists. The limitations of the
sociology of the professions and medicalization theory, suggest that a pragmatist approach is more
suitable for studying the case of chemotherapy. Rather than pursuing predefined goals, oncologists
responded to the immediate challenges imposed by cytotoxic chemicals. The question is how they then

leveraged limited clinical achievements to secure ongoing support for cancer clinical trials.

Keating and Cambrosio’s account for oncologists’ ‘new style of practice’ and for the emergence of new
therapeutic objectives. To further their analysis we must explain how these therapeutic objectives were
framed as ethical interventions and how a normative therapeutic project was institutionalized around

them.

To develop such an explanation, I study the normative framing of chemotherapy in two steps. First, I
draw on Dewey’s (1922) model of ‘ends-in-view’ to explain how new ends emerged from existing means
when actors faced concrete ‘problem situations’ in chemotherapy wards (Whitford 2002). Working under
high degree of uncertainty and inducing only short-lived responses, oncologists were confronted with
very specific practical concerns: why did the drugs stop working? How could response be made to last
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longer? The problem of cancer as an incurable disease, and the search for a cure, were replaced with the
problem of remission and relapse. The means, generated a new end that came to guide collective action:
while remissions were initially induced in the search for a cure, very quickly they came to define the
outcomes and objectives of clinical trials.

This analysis draws on Dewey’s model to discard misleading teleological narratives that attribute
oncologists' success to predefined professional interests, or to an uncompromising normative commitment
to save lives. The paper also takes a step towards the analysis of the problem situation itself. Dewey’s
model does not provide a definitive explanation on how problems situations are defined to begin with.
Actors with different perspectives might have competing views on the problem situation and its
boundaries. The analysis of remission and relapse demonstrates that to bring a new end into view, the

actors invested in this end had to redefine the problem itself.

By itself however, Dewey’s model cannot explain how a large therapeutic enterprise around remission
was institutionalized. To do so, we must explain how remission turned from a tentative experimental
outcome, to a stable normative category. For institutionalization to work, ends-in-view cannot represent
only what the actors can do, but what they ought to do (Jasanoff 2004). To trace this transition I study the
framing of chemotherapy and remissions as interventions and objectives in community based terminal

care. The argument, in brief, continues as follows.

When chemotherapy failed to deliver on its promise for a cure, it was crucial for oncologists to reinvent
the therapeutic objectives that could legitimate and guide experimentation with chemotherapy. To secure
the cooperation of patients, medical practitioners, care-takers, regulators and oncologists themselves, it
was necessary to reframe the very meaning of oncological practice. If oncologists could not save patients,
what exactly were they hoping to achieve? Were they trying to cure patients? To alleviate suffering? To
discover new drugs? To understand cancer? Why were the risks and side-effects of chemotherapy ‘worth

it’ and what were the boundaries of medical intervention?
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As the experimental project was under constant attacks, oncologists sought to frame remissions as
meaningful therapeutic conditions, whose value did not depend on the experimental potential alone.
Remissions were linked to the ethical commitments of terminal care, whether is was the alleviation of
suffering or the commitment to sustain life as long as possible. The degree to which these enrollment
efforts were successful, is not critical to the analysis (i.e. were ‘ordinary practitioners’ conceived by
oncologists and came to see chemotherapy as a solution to the problem of treating dying patients in their
clinics?).* The key point is that the legitimation of remissions as a clinical category and a therapeutic

objective strengthen the legitimacy of the trials themselves.

The creativity of oncologists, was in their flexible reframing of the objectives of chemotherapy and the
ability to produce normative frames that multiplies the ethical ends available to them. They mobilized
contesting ethical commitments (a) to alleviate the suffering of the dying patient and to provide comfort
(b) to sustain life as long as possible and reject clinical defeatism (c) to develop and validate the efficacy
of new drugs and procedures. Oncologists skillfully switched between these justifications. When the
clinical benefits of chemotherapy were questioned, oncologists argued that chemotherapy trials will lead
to therapist that will save future patients. When the experimental potential of the trials was doubted, or
outweighed by concerns for current patients, oncologists could stress the role of chemotherapy in
alleviating suffering and caution against abandoning the dying patient. When aggressive intervention to

sustain life were attacked, oncologists stressed the role of chemotherapy in pain relief.

The therapeutic objectives that guided oncologists, therefore, were not derived from professional interests

but instead created them. The shifting objectives of therapy also changed the position of oncologists

® Similarly the data I collected cannot support any claims about the degree to which patients were
convinced by oncologists, but they do provide insight into how oncologists framed chemotherapy within
the institutional matrix of healthcare.
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within the field of medical specialties and therefore the potential alliances they could build: chemotherapy
began as a search for curative therapy in the 1940s, reframed as palliative therapy in the 1950s and

aligned with terminal care, only to divorce palliation again in the 1970s (Baszanger 2012).

By tracing the transition from immediate experimental ends to institutionalized objectives, I expand the
applications of Dewey’s model. The model is designed to avoid top-down explanations that assume that
deep-seated norms dictate social action. By exploring the institutionalizing of palliative chemotherapy I

trace how a normative objective was built from the ground up.

The Pragmatists Model: Ends In View

Theories centering on group interests assume that actors choose their course of action to pursue a
predefined set of preferences, pragmatist theory proposes that in many social settings such pre-given
preferences do not exist: the actor finds out what she desires when she acts in response to a problem
situation and discovers (i) what alternative outcomes are even possible, (ii) what the realization of various
outcomes actually entails. In this process, new ends continuously come into view as the actor’s set of
preferences is shaped by concrete experience. This model of social action, which does not assume fixed
ends, is highly suitable for modeling technological experimentation under high degree of uncertainty.
Experimental technologies do not only help actors achieve what they already desire, but change who these
actors are and the settings in which they act. Science and Technology Studies (STS) offer various
approaches rejecting the rigid boundaries between technology and society and for studying them as
mutually constituted: from Jasanoff’s work on co-production (2004) and socio-technical imaginaries
(2015) to Pinch’s work on the social construction of sociological systems (Bijker et al 1987) or
Haraway’s cyborgs (1984). A similar analytic emphasis can be found in Whitford’s (2002) model of the

relation between ends and means/technologies:
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Because technology is continuously evolving, it is commonplace that we cannot specify all the
means in advance, but somehow the corollary - that we also cannot pre-specify all the ends of
action because new means will always imply new ends- seem to get lost in the shaffle (342).

While rational choice theories insist on a categorical distinction between ends (inherently valuable, fixed)
and means (instrumental, changing and derivative), Dewey collapses this distinction as a mere temporal
one. Instead of ‘end’ and ‘means’ he proposes to think about ‘ends-in-view.” Unlike ‘ends,” ‘ends-in-
view’ are not a-priori fixed, metaphysically superior, or dictated by deep social structures. They are
practical hypotheses that serve to orient social action. Ends-in-view, moreover, are not fundamentally
different from means. In fact, they are means turned into ends: As the actor employs means to achieve an
end-in-view, these means themselves become ends-in-view. Similarly, as the actor adopts ends-in-view to
act towards a problem situation, these ends themselves become means for generating new working
hypotheses or ends-in-view that come to guide social action. This cycle in which ends in view become
means, and means generate ends-in-view is highly suitable for modeling the evolution of oncology. While
this model has been used to study individual actors and micro-interaction, pragmatist methodology offers

to expand it to the study of modes of collective action (Gross 2018, Joas 1997).

End-In-View and Uncertainty in Cancer Chemotherapy

To explain why the model of ends-in-view is highly effective in explaining the case of cancer
chemotherapy, I briefly review the parameters that shaped the early work of oncologists. Cytotoxic
chemical cancer therapy was developed under high degree of uncertainty. In the first decades after the
war, very little was known about the causes and pathological of mechanisms of cancer as well as about

the mechanisms of action of the cytotoxic compounds themselves (Haddow 1971).
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Perhaps the most important aspect of this uncertainty was that researchers were inventing the very
concept of chemical cancer therapy: oncologists were testing drugs to see if they ‘worked,” while

exploring the potential of these drugs and establishing what would it mean for these drugs to ‘work.’

In the early days of experimentation with cancer chemotherapy, chemotherapeutic agents produced very
short-lived and elusive effects. Moreover, these effects varied significantly depending on how these
compounds were put to use. Responses varied drastically depending on the drug’s dose, preparation (e.g.,
oral, intravenous), treatment cycle (i.e., interval of drug administration), supportive therapies (e.g.,
prophylactic antibiotics) as well as the type and stage of the cancer. Drug toxicity added another layer of
complexity. It was difficult to disentangle the toxic effects from the disease itself or to establish the
relation between toxicity and efficacy. Oncologists were struggling to establish even relatively
straightforward indices to describe drugs’ ‘profiles’: response rates, maximum tolerated doses, effective
doses and therapeutic ratios. Animal models were only of limited use, as they poorly predicted these
values in human subjects (Owens 1962). Would intermittent cycles produce better results than
continuous drug administration? Should dosage be maximized to reach toxic threshold despite risk of
irreversible toxicity (i.e., patient death)? Would remissions be longer if patients were treated with more
than one drug? Because oncologists were focused on optimizing treatment protocols to learn what a drug

could do if used ‘properly,’ they could only adopt provisional, intermediate goals for drug testing.

Data and Methods

The paper draws on archival materials from the following collections: the collection of original protocols
of the clinical trials conducted by the Cancer and Leukemia Group B, the Nathan Mental Papers
Collection at the National Library of Medicine, records of the National Cancer Institute (NCI) at the
National Archives and Records of Administration, the internal archives of the NCI, and the Mary Lasker
Papers Collection at Columbia University’s Rare Books and Manuscripts Library.
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Additionally, I have systematically reviewed publications in prominent medical journals on cancer
chemotherapy, The Cancer Letters and The Cancer Chemotherapy Report. Following Baszanger (2012) I
also reviewed A Cancer Journal for Clinicians’ to capture the capture the framing of chemotherapy
outside of experimental settings and scientific research. I reviewed all issues published between 1950

(when the journal was established) and 1965.

‘A Cancer Journal for Clinicians’ was established to communicate results from cancer chemotherapy
trials to ‘ordinary clinicians’. Unlike researchers working at the NCI or the cooperative groups,
community-based practitioners were far more interested in what patients might want and in keeping a
satisfied clientele. The articles published in the journal, therefore, translated (in Callon’s (1986) sense) the
highly technical language and rhetoric of scientific publications, to a language that ‘ordinary physicians’
could understand, and that might serve them in treating, and speaking to patients. Thus, while the articles
do not provide direct data on what doctors told patients (at this period in history there was a considerable
gap between what doctors told other doctors and what they told patients (Lavi 2005)) they do provide
insight into the ways in which oncologists convinced doctors and patients that chemotherapy was ‘a good

idea’. It offers, in other words, an opportunity to observe the normative framing of chemotherapy.

Particularly useful was a special issue published in 1959 dedicated to the question of terminal care for
patients with advanced cancer. The issue stirred the community and elicited many responses. The debate
was carried on through letters to the editors that were published in subsequent issues in the early 1960s.
These articles, letters and opinion columns, came from renowned oncologists as well as from family
physicians, priests and community leaders. They unraveled the complexity of arguments for and against

the use of cancer chemotherapy in terminal care.
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Historical Overview

While this paper focuses on the transition from the search for a cure to the prolonging of remissions, I
include here a brief review of the broader historical transformations of chemotherapy in terms of its
therapeutic framing (see table 2). Arguments and clarification to support this chronological chart are
developed in a different paper. Here I build mostly on secondary literature to propose a chronology and

place this paper in a broader historical context.

Cancer chemotherapy began in the 1940s with the discovery of the first cytotoxic compounds with anti-
tumor effects. It was shaped by wartime research and designed as a search for a cure, or a miracle drug to
eradicate cancer. Very quickly, the failure to find a ‘magic bullet’ led oncologists to reformulate the
schemes and objectives of the investigation. Organizational and infrastructural restructuring enabled
oncologists to study elusive and marginal drug effects. Instead of cancer and a cancer cure, oncologists
were now investigating the problems of remission and relapse. Chemotherapy was structured as both an
experimental project, and as a project of palliative care. (These transitions will be discussed at length in
the following sections). In the mid 1960s and 1970s, when oncologists learned to achieve stable
remissions in a number of cancers (including leukemia, lymphoma and breast cancers), a new goal came
to frame chemotherapy trials. Trials in the 1970s aimed to improve patients’ survival-rates on a scale of
years. ‘Survival’ came to replace ‘remission’ as the focal objective of chemotherapy (Baszanger 2012).
Towards the end of the 1970s and in the 1980s the notion of a cancer cure resurfaced yet in a modified
form. Epistemically, ‘cure’ was thought of in probabilistic terms, and clinically in terms of maintenance

of a chronic disease (Devita 2015). The following sections will explore the first of these two phases.
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ENDS

MEANS AS ‘ENDS IN VIEW’ (means soon to become ends)

Cancer Cure

Prolong life (weeks, months), experiment with dose, cycle and preparation to extend time units of

Industrial life prolonged
Research
Task-force (industrial research linked with OSRD, goal oriented centralized) Sloan-Ketterings
1940-1950 Program led by Rhoads
Prolong life- Prolong life- trial infrastructure
Palliation Experiment with dose, preparation, cycle, patients type

1950- mid 1960s

new infrastructure of complex interventions to prevent lethal toxicity
new end-points and infrastructure for quantitative measurement of new types of clinical benefits

(time to relapse, relapse free survival)

Institutional and ethical alignment with palliation:

Imperative: do not abandon the dying patient! Hope is not grounded in cure but in medical
intervention itself and in small ‘modest’ benefits for the patient. ‘Hopeless suffering’- justifies

experimentation, metric for valuation of lives and subjects

Cancer cure as a rhetorical device to ensure support

Improve Survival
(progression free
survival, relapse
free survival)

shift from months

Trial network
Combinations to overcome drug resistance
Expansion of trial network, toxicity management- trials become longer and more tolerable

(antiemetics, growth factors for bone marrow regeneration)

to years Institutional separation from palliation

mid 1960s-

1970s

Hope for A Management of survivors and treated patients

Chronic Disease

Mid 1970s-1980s

Probabilistic cure and chronic disease management

Backlash from epidemiology. Secondary cancers

Table 2: The Ends of Cancer Chemotherapy: Historical Overview
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Phase I: Industrial Research and the Search for A Cure: 1940-1950

In the mid-1940s, Farber (1948) and Gilman and Goodman (1946) demonstrated that cytotoxic
compounds can induce remissions in leukemia patients. This revolutionary work created an optimistic
momentum. The discovery of compounds with antitumor activity gave rise to the hope that a chemical
cancer cure might be found. The government and private institutions increased investment in cancer
research by an order of magnitude, aiming to establish programs for cancer chemotherapy research
(Zubrod et al 1966)9. By 1945, the Sloan-Kettering institute in NYC, the Institute for Cancer Research in
Philadelphia and the National Cancer Institute in Bethesda, all had active programs for the screening and

development of anticancer drugs.

The programs were geared towards speedy and practical results. The leading figures behind these
initiatives had tight links to both military and industry. Sloan-Kettering, the largest and arguably most
influential program at the time, was founded by Alfred Sloan and Charles Kettering, the chairman and
vice-president of General Motors. It was established with the explicit intention of creating a place for
industrial cancer research. The leading figures at the Institute for Cancer Research, Stanely Reimann and
Frederick Hammett, were also enthusiasts of organized research, seeking to ‘tackle problems not because
they are interesting, but because they will help the solution of the cancer problem’ (Reinmann, 1944,

originally cited in Bud 1978:437).

The vision of the early pioneers was heavily shaped by the wartime research organized under the umbrella
of the national Office of Scientific Research and Development (OSRD). Wartime experiments with
chemical warfare led to the discovery of the antitumor effects of nitrogen mustard, and military studies on

nutrition directed attention to folic acid and its antagonists (which were then introduced into leukemia

® Between 1937 and 1951 the funding of the NCI increased twenty-fold, reaching an annual budget of 14
million dollars in 1951 (Bud 1978).
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treatment by Farber). Cornelious Rhoads, who served as the head of the Medical Division of Chemical
Warfare Services during WWII, was appointed as director of Sloan-Kettering’s chemotherapy program.
During the war, Rhoads oversaw a budget of about one million dollars and supervised research on
weaponized mustard gas. It was this military research experience that led Rhoads to chemotherapy (Lowy
1995). Wartime research on infectious diseases, and specifically on penicillin was also of critical

importance.

The discovery of penicillin was celebrated as one of the major breakthroughs of the twentieth century.
Penicillin was viewed as ‘a miracle drug’ materializing the promise of modern medicine. Penicillin
production, moreover, was perceived as evidence for the limitless potential of American industrial
research. Fermentation techniques were developed through the coordinated efforts of OSRD, which
brought together five of the largest pharmaceutical houses in the United States to find a solution to the

problem of penicillin production during the war (Healy 1997) .

These achievements inspired cancer chemotherapists. The chemotherapy screening programs, and Sloan-
Kettering in particular, hoped to apply the same methods that proved themselves in the Manhattan Project

and in penicillin production, to the problem of cancer. In 1947, an editorial in the Lancet announced that:

Systematic research has lately been so successful in various scientific fields that there are some
grounds for the suggestion that cancer-research workers should give up following clues and
embark on a systematic trial of all known organic compounds, in the hope of finding one which
will destroy cancer cells and leave normal cells unharmed (Chemotherapy and Cancer 1947:512)

The research model envisioned by chemotherapy pioneers was of an interdisciplinary task-force with pre-
specified goals and high degree of centralization. As the report on ‘Research in the Industry’ explained,
cancer research should be a 'diligent search for preconceived end results' (1948: 431 cited in Bud 1978).

The ‘goal’ was envisioned in terms of ‘eradication’ and ‘cure,” a ‘socio-technical imagination’ (Jasanoff
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2015) grounded in experience with antibiotics. Researchers hoped that accelerated, standardized
screening would lead to a substance that would eliminate neoplastic growth of all kinds, regardless of
tissue or location. David Karnofksy (1947:257), a leading oncologist who served under Rhoads at

Chemical Warfare Services and followed him to Sloan-Kettering wrote:

The concentration of scientific resources on the cancer therapy problem is born of the...desire to
have the disease attacked as directly and as vigorously as possible...A short description of the
approach would start with the assumption that somewhere in the world there are substances
which will cure cancer. By testing all chemical and biological preparation by standardized
laboratory methods...substances with chemotherapeutic activity will be disclosed. The selected
chemical will then be evaluated for therapeutic activity against cancer in man. Meanwhile the
chemicals will be modified by the chemist with the purpose of enhancing their activity...

Discussing its role in cancer chemotherapy, researchers suggested that antibiotic research should serve a
dual function. First, it was a model for the search for anticancer drugs (for the drugs themselves as well as
for the organization of research). Further, research on infectious diseases led to the discovery of specific
antibiotics which themselves showed antitumor efficacy, notably Actinomycin D. these were to be tested

on tumor-hosts:

Testing antibiotics can be regarded either as part of a systematic search - or as a clue-following
method. Their potency in high dilution against bacteria makes it imperative to try their effects in
malignant disease... (Chemotherapy and Cancer 1947:512)

Because the introduction of antibiotics into medicine was so politically visible, it is hardly surprising that
it became a model for envisioning anticancer drugs, as well as a rhetorical resource for mobilizing support
for the emerging, and controversial, field of cancer chemotherapy. Yet the limits of the analogy between

cancer chemotherapy and antibiotics became central to the debate.

Prominent figures such Karnofsky and Alexander Haddow (1971), the director of the British Institute of

Cancer Research, cautioned that unlike medicine of infectious diseases, cancer medicine lacked scientific
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understanding of the basic mechanisms of cancer. Antibiotics, moreover, involved specificities in design
and use which could not be easily transferred to the field of cancer chemotherapy.'® Most importantly,
antibiotics worked by differentiating bacteria from host cells, while no existing anticancer drug could

differentiate normal from cancerous cells:

All chemotherapeutic assaults on cancer cells must depend on finding or widening a gap between
the lethal effects on them and on normal cells (Chemotherapy and Cancer 1947:512).

Karnofksy (1947:257) cautioned that the search for chemotherapy was stimulated by a 'renewed hope for
success based on a superficial analogy with the development of antibacterial drugs.' The Lancet editorial
called to include healthy cells as controls in the testing of compounds for antitumor activity on tumor-

host:

When tissue cells are the object of trial, control observations on normal ones is an essential part
of any investigation...(Chemotherapy and Cancer 1947:512)

The results from experimentation in the 1940s and early 1950s were disappointing. Chemotherapists were
unable to eradicate cancer, and could only to induce short-lived remissions that lasted days and weeks, or
in the best cases months. Very quickly, it became clear that chemotherapy would not lead to another
antibiotic-like drug. It was still unclear, however, what might be expected from anticancer drugs or what
were the appropriate methods for researching them. In the following decade, oncologists slowly
developed a new therapeutic technology, with its distinct normative, scientific, and clinical ends. As we
will see in the following section, these new scientific and clinical ends emerged from the instruments and

means of the search for a cure.

'% Antibiotics acted quickly to cured infectious diseases through differentiating bacteria from host.
Doctors were aiming to use them with high specificity, one at a time in order (i.e. to match each
antibiotic drug with specific bacteria. (This is evident even in the packaging and marketing of broad
spectrum antibiotics as ‘specific interventions.”). Antibiotics were often taken orally and if they worked,
they made complex supportive technologies, radical interventions, and hospitalization redundant
(Podolsky 2015).
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Phase II: Prolonging Remission and Palliation 1950 - mid 1960s

From A Search for a Cure to New Clinical Ends-Points

Facing the failure to deliver a miracle drug, chemotherapists did not cling to the notion of a cancer cure.
Instead, they responded to the immediate challenges that emerged in the cancer wards. Their practical
orientation was shaped by two main factors. First, cytotoxic compounds offered concrete opportunities.
While no compound was able to ‘eradicate’ cancer, a number of cytotoxins, steroids, and antibiotics, were
effective in modifying tumor growth. Substances such as methotrexate and 6-mercaptopurine drove blasts
counts down and shrunk the infiltrated spleens and lymph-nodes of leukemia patients. At the same time,
these compounds posed serious problems: Following an initial course of treatment, patients almost
invariably stopped responding to the drugs, and it appeared that the compounds also conditioned patients’
response to subsequent therapies. These temporary improvements were achieved at great cost to patient
well-being. The drugs induced neurotoxicity, gastrointestinal toxicity, and bone-marrow suppression
which left patients vulnerable to fatal infections and hemorrhages. Any new compound could prove to

induce irreversible/lethal effects either on its own or due to cumulative toxicity.

Oncologists began tackling these emerging challenges. In terms of research strategy, chemotherapists
countered the risks and uncertainties of chemotherapy by redirecting their attention from long-term to
intermediate goals. Instead of designing broad and ambitious experiments, chemotherapists sought to
make progress by gradually improving on existing clinical outcomes. Trial objectives were narrowly
defined and derived from previous and ongoing trials: results on safe dosages and cycles achieved in one

. . . . 11 .
trial, were used as points of reference for designing new protocols.  In terms of their research agenda,

" This is in line with Keating and Cambrosio’s (2011) finding that the trials were conducted as a series of
interrelated and self-referential experiments.
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chemotherapists abandoned the notion of a cure and began creating new criteria for capturing clinical

response. It is worthwhile to cite Karnofksy’s discussion on this point at length:

The technical and intellectual difficulties in attacking the problem of outlining a rational
approach seem almost insurmountable. At this stage in the work, therefore, it is only reasonable
to set our therapeutic objective at a point far short of the goal of a cancer cure...

...The object of research in cancer chemotherapy is to find a universal cure for the disease; a
substance that would eradicate the neoplastic process wherever it may occur in the body. Since
the possibility of achieving this objective is far distant, the cancer chemotherapist has
progressively lowered the objectives from finding a substance that will cure only certain types of
cancers, to substances that will control cancer, or certain types of cancer, or certain
manifestation of cancer, and finally, to substances that have only a temporary palliative effect on
the disease. The latter therapeutic objective is at a level compatible with our knowledge of the
disease; the science of chemotherapy must be built up on this foundation.” (Karnofsky 1947:260)

The plan of action proposed by Karnofksy, is precisely the process by which new ends come into view
through concrete experience. Karnofsky asked chemotherapists to continuously work on their ‘aiming’ in
response to the opportunities and challenges that became visible through experimentation: while
chemotherapists had set out to find a universal cancer cure, this objective was ‘too far distant.” It had to
be replaced with other, more immediate/modest objectives that could guide experiments in practice. To
navigate chemotherapy trials, chemotherapists needed outcome variables, evaluation criteria,
physiological indices, and clinical scales. To enable these new end-points to come into view, Karnofsky
called to lower the bar and investigate any palliative manipulation of neoplasms. More specifically, he

suggested to monitor even temporary, questionable effects produced by experimental substances:

Substances should be acceptable for careful examination which appear to be capable of only
slightly or questionably modifying the growth of a single type of cancer or normal tissue' '
(Karnofsky 1948: 258).

The ability to follow this plan of action and to trace temporary, marginal, and elusive effects, became
possible thanks to the radical restructuring of cancer research captured by Keating and Cambrosio (2011).
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In 1955, the NCI established the Cancer Chemotherapy National Service Center (CCNSC), an agency
mandated to oversee and coordinate cancer chemotherapy research. With the support of the CCSNC, a
new organizational infrastructure was assembled: a network of cooperative groups that conducted cancer
clinical trials across the United States. The cooperative groups were intentionally organized as an
alternative to the industrial research model. Gordon Zubrod and Kenneth Endicott, the head of the
Division of Cancer Treatment and the NCI director, respectively, were ‘fearful of wartime engineering
solutions, such as the models of malaria and penicillin drug development (Keating and Cambrosio 2011:
87). Both Endicott and Zubrod were skeptical that industrial research would provide a sound scientific
approach to the problem of chemotherapy or be able to attract competent scientists over the long run. The
cooperative groups were designed to allow for multiple research agendas and strategies while preserving
the advantages of large-scale collaborations (e.g., pooling of patients).12 ‘Cutting-edge’ chemotherapy
research has, for the most part, moved out of Sloan-Kettering and the Institute for Cancer Research and
into the hands of groups like the Cancer and Leukemia Group B (CALG-B). The decentralized,
standardized collaboration between the groups made it possible to produce and observe elusive clinical
effects with sufficient detail and complexity so that new categories of clinical benefit could emerge and

gradually be improved upon.

While researchers were monitoring the newly induced drug effects, however 'slight' and 'temporary,' two
key categories began to emerge. As drugs, in some cases, could temporarily halt or even reverse
neoplastic growth, oncologists faced two practical concerns: How could they make remissions last
longer? And how could they delay the recurrence of tumorous growth? Instead of the problem of ‘cancer’
as an incurable disease, and the search for a cure, oncologists were confronted with the problem of
‘remission’ and ‘relapse.” To develop a research agenda around these problems, however, the categories

of remission and relapse themselves had to be worked out.

2 Of course, as Keating and Cambrosio show, this balance was not always easy to establish. The ongoing
work of the groups depended on constant negotiation between the multiple actors: the investigators based
in different centers and hospital and the various researchers and administrators at the NCI.
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Redefining ‘The Problem Situation’: Remission and Relapse as Experimental Categories

The means that served oncologists in their search for a cancer cure brought a new end into view and led
them to redefine the problem situation. The ability to temporarily arrest tumor growth shifted the
investigation toward extending and intensifying the effects of available compounds. The new problem
situation was that the drugs stopped working, and the objective was to increase the duration, rates, and
quality of response. Devising a new scheme of social action, oncologists turned to establish the categories
of ‘remission’ and ‘relapse.” The first step was to construct experimental schemes to turn heterogenous
physiological phenomena into unified and distinct conditions. If remission and relapse were to become
outcome variables in scientific investigations, researchers needed methods for observing, defining,

measuring, and manipulating them.

Today, we understand the problem of relapse in terms of genetic heterogeneity of tumor evolution. At the
time, however, these phenomena were completely opaque. Why did the drugs work in some patients and
tumors but not in others? Why and when did the drugs stop working? Were the doses too low? Were
oncologists using the wrong drugs? Did tumors adapt to the drugs, and if so how exactly? It took more
than a decade to establish explicit formulas that linked the rates of cell destruction and the rate of

neoplastic growth that established residual cells as the sources of relapse.

In the 1950s and early 1960s, oncologists actively created and stabilized remission and relapse as
normative and epistemic categories. Trial protocols included complex decision-making trees and
typological schemes for measuring and classifying remission and relapse. The articulation of one
category, as we will see, depended on the articulation of the other. Consider the following appendix from
a clinical protocol designed in 1961 by the Cancer and Leukemia Group B. In a section titled 'Criteria for

The Evaluation of Responses To Therapy in Acute Leukemia,” the researchers established four domains
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of data-collection required for measuring ‘response’ : Marrow, Peripheral Blood, Physical Findings, and

Clinical Symptoms.

A. Marrow (per 200 cells counted)

1. 1. Absence of cells that can be individually identified as leukemic, and reduction in the number
of blasts to less than 5 percent of total nucleated cells for adults and 10 present for children,
with lymphocytes to less than 10 percent in adults and 20 percent in children. There should be
essentially normal appearing granulopoiesis, erythropoiesis, and thrombopoiesis both

quantitatively and qualitatively..

2. 2. Definite improvement in the marrow evidenced by an increase in normal myelopoiesis
(leukopoiesis, erythropoiesis and megacryot regeneration) for two weeks or longer to more
than 30 percent of total nucleated cells and a reduction in the number of leukemic cells,

lymphocytes and blasts to less than 70 percent

3. 3. No improvement, or improvement less than that sufficient for A2

B. Criteria in peripheral blood

1. Return for more than one month of:
a. Absence of cells individually identifiable as leukemic cells or blasts.
b. Hemoglobin at values greater than 12 grams/100 cc. for adults or 11 grams/100 cc. For

children under 15 years, or 10 grams for infants under 2 years.

c. Circulating granulocytes level in excess of 2000/CJJ3 for adults or 1500/CJ03 for
children.

d. Return of platelets counts to levels greater than 100,000 for adults and children.Factors
other than leukemia that may alter this (e.g. drug toxicity) do not invalidate

hematologic remission if after correction the above values obtain.
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2. Significant improvement in the peripheral blood, as evidenced by an increase in normal
granulocytes to levels as in Blc, and maintenance of hemoglobin levels of 9 grams or better for
more than one month.

3. No change, or less than B2.

C. Physical Findings:

1. Subsidence of all evident leukemic infiltration (spleen, lymph node, bone tenderness)..
2. Significant (50% or more) reduction in physical measurement of organ with greatest leukemic
infiltration

3. No change

D. Clinical (symptoms)

1. No symptoms ascribable to leukemia

2. Definite improvement though still symptomatic

3. No improvement

Figure 5: Remission Criteria in ‘Cooperative Study in Chemotherapy of Acute Leukemia’

From: CALG-B Protocol 002 1961

To classify response, oncologists drew on multiple types of data and observation techniques. The
protocols required quantitative and qualitative examination of heterogeneous physiological entities and
functions. Among these were total counts of lymphocytes and blasts in the blood and marrow, calculation
of ratios of lymphocytes, myelocytes and erythrocytes, and calculation of rates of increase or decrease of
lymphocytes and their precursors. Examination also included the monitoring of the volume and quality of
organs and tissues, as well as clinical assessments of patients’ overall well-being. Such clinical
assessments were gradually formalized into scales, notably the ‘performance status’ index introduced by

Karnofksy and Burchenal in the late 1940s (Karnofksy et a 1948).
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The procedures aimed to capture both ‘leukemia’ and ‘response’. To establish if a patient was responding
to treatment, and to ascertain the type or degree of response, the observations were combined to create

three outcome categories. The protocols provided detailed guidelines for this synthesis:

Complete Remission

A1 B1Cland DI

Partial Remission

Alor2, Blor2,Clor2and D1 OR 2.
Clinical Remission

Dlor2

Figure 6: Evaluation of Response in ‘Cooperative Study in Chemotherapy of Acute Leukemia’.

From: CALG-B Protocol 002 1961

By themselves, however, these classificatory criteria were not enough. To define remission, researchers
needed complementary categories to clearly establish its boundaries. Unlike ‘cure’, the category of
remission referred to a range of phenomena and not to an absolute state. Drugs led to all sorts of
modifications in tumor growth that varied greatly between patients and lasted for varying periods of time.
When did temporary relief signify a ‘real’ improvement? When did improvement amount to a state of
'remission'? What degree and duration of improvement qualified as ‘drug-induced remission’ (as opposed

to spontaneous remission)?

To complicate things further, oncologists had very limited understanding of the causal mechanisms
behind remission and relapse. There was no marker for measuring an underlying process that could
indicate that the drugs were ‘working’ or ‘failing to work.” Remission, therefore, was an elusive and

fuzzy category that could only be defined through tentative thresholds that distinguished it from relapse. It
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was critical, in other words, to establish when patients were no longer in remission or failed to achieve

remission. The two categories, as the classificatory schemes show, were defined vis-a-vis one another.

Complete remission should be considered terminated when
A. Marrow: number of leukemic cells increase to 20 per cent or more, or the total number of
leukemia cells and lymphocytes exceeds 50 percent.
B. Peripheral blood: leukemic cells appear in excess of 10 percent of the differential count, or the
total number of leukemic cells and lymphocytes exceed 70 percent.
C. Definite evidence of leukemic infiltration occurs

D. Symptoms definitely ascribile to leukemia appear

Figure 7: Relapse Criteria: ‘Cooperative Study in Chemotherapy of Acute Leukemia’.

From: CALG-B Protocol 002 1961

As we can see, the criteria aimed to capture clinical indication that the drugs had stopped working such as
recurrence of neoplastic growth, metastasis, or recurrence of symptoms. They were explicitly designed to
complement remission criteria so that patients could be classified in one category or the other. The
specific thresholds however, were continuously adjusted; as the trials evolved, the classification of
remission and relapse was further negotiated and modified. This continuous construction is evident in the
ongoing debates around the schemes for measuring response. Subsequent protocols multiplied and
expanded the objects and distinctions to be observed and marked. Protocols 007 from 1962, for example,
introduced a distinction between ‘definite’ and ‘marked’ enlargement of infiltrated organs and added
numerical thresholds to be measured in centimeters for differentiating these categories. The liver and
central nervous system were added to the list of organs to be probed (alongside spleens and lymph-

nodes).
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The protocols also introduced new types of remission and new ways to qualify and describe them.
‘Progression free remission,” for example, was a category introduced to capture the arresting of neoplastic
growth despite the inability to shrink tumors. The question of remission and relapse, was further
elaborated as a question of ratio and range. Response was to be placed on a numerical axis between
remission and relapse. Consider the example from a 1975 protocol titled ‘Comparison of Adriamycin and
the combination of 5-Fluorouracil and Cyclophosphamide in Advanced Prostatic Cancer: A Preliminary

(Eagan et al 1975:204):

Response to therapy was divided into two parts: actual tumor measurement and assessment of
ancillary factors (see table 2). If actual palpable tumor was present, an objective response
required a 50% or greater reduction or greater reduction in tumor size with no new lesions
appearing. Stable disease was defined as less than a 50% reduction, or less than a 25% increase
in tumor size. An objective progression required a 25% or greater increase in tumor size

‘Subjective’ and ‘clinical’ remissions were also explored. These marked alleviation in symptoms without
favorable modification of the tumorous growth (decrease in size or spread of the tumor). The mitigation
of symptoms was used for extracting new leads for investigation, and, as we will see in the next section,

became an important part of the normative framing of chemotherapy.

Similar criteria and a decision-making tree aimed to capture and classify toxic reactions to chemotherapy
regimen in order to provide procedures for downward modification of dosage and even termination of
treatment (CALG-B protocol 006, 007 for example). These classifications of toxic reactions added to the

range of possible clinical outcomes under consideration during trials.

Prolonging Remissions - How Means Became Ends-In-View

In the second half of the 1950s and the first half of the 1960s, oncologists had established elaborate trial

protocols around the prolonging of remission. Trial objectives were narrowly defined around existing
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findings on remission induction. Consider the example of Protocol 003, designed by the Cancer and

Leukemia Group B in 1959. The protocol stated that the objective of the trial was:

2.1 To determine the effect of 6-MP maintenance therapy on the duration of a steroid-induced
remission by comparison with duration of such remission without maintenance therapy.

2.2. To determine whether patients who do not respond to steroids will respond to 6-MP.

2.3. To determine whether the effects of 6-MP on the duration of a steroid-induced remission is a
more efficient methods of detecting antileukemic activity than is 6-MP therapy of patients with
active acute leukemia. (Cooperative Study in The Chemotherapy of Acute Leukemia 1959:1)

As protocol 003 demonstrates, chemotherapists were not preoccupied with a search for a cure but with the
technical challenges of prolonging remission. More specifically, chemotherapists were invested in
specific new compounds and in the validation of methods for evaluating these compounds. In this
example, 6-MP and steroids were ‘thrown together,” each of them used to explore and evaluate the
performance of the other. The first objective of the trial was to see if 6-MP could prolong the remissions
induced by steroids, while steroid-induced remissions were tested as a method for evaluating the anti-
tumor efficacy of 6-MP. The key point for our analysis is that the objectives of protocol 003, as well as
the entire project of prolonging remissions, could not have been formulated by researchers in the 1940s.

These ends could only come into view through experience with cytotoxic compounds.

There were multiple clinical and experimental strategies for investigating the prolonging of remissions.
Most importantly, the modification of treatment regimens, and especially the scheduling of intermittent
dosages, critically affected rates and duration of response. A modification to Protocol 0016, designed in
1961 by CALG-B, for example, set out to explore the difference in response of leukemic cells to

continuous versus intermittent therapy:

The emergence of drug resistance can be delayed by intermittent rather than continuous therapy.
If the sum of successive, non-maintained remissions, is greater than a single maintained one, than
intermittent therapy possess advantages for the patient. Should the study show that drug
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resistance occurs earlier in on continuous therapy, a valuable insight into the behavior of
leukemic cells will have been achieved (6MP Remission Maintenance Protocol 1962:1).

Similarly, supportive therapies such as prophylactic antibiotics and blood transfusions had a critical
impact as they helped to keep patients alive long enough for the drugs to work (see Keating and
Cambrosio (2011:58-60) on life islands and the IBM cell separators for a thorough review). To tackle the
problem of drug resistance, chemotherapists explored the administration of multiple drugs either
subsequently or simultaneously. Protocol 005 (CALG-B in 1962:1), for example, compared the
effectiveness of Combined Folic Acid Antagonist and 6-Mercaptopurine given ‘a) Concurrently b).

Alternatively c) Concurrently with Intrathecal Aminopterin.'

These investigations marked a new scheme of social action that collapsed the fragile distinction between
ends and means with which cancer chemotherapy had begun. As we have seen above, Karnotksy began
his article with the common notion that the search for chemotherapy was a search for a universal cure. He
then continued to argue that, in order to make experimental progress, investigators should study even
substances that fall short of a cure. The critical point for our analysis is that, in concluding his article,
Karnofsky (1947) clarified that palliative substances were not a mere means to an end. Instead, he

proposed a revised definition of chemotherapeutic agents and of chemotherapy:

Cancer chemotherapy may be defined as the use of any chemical substance administered
systemically, which, while relatively nontoxic to the host, will interfere with, favorably modify, or
destroy a neoplastic growth, or alleviate its deleterious effects on the host (260).

In line with Dewey’s model, we find that means very quickly became ends. In the 1940s, remission was
induced and investigated in a search for a cancer cure. In the 1950s, outcome variables and trial objectives
were already defined in terms of remissions. Yet even more importantly, remission came to define the

ethical and clinical goals that legitimated cancer chemotherapy.
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Mobilizing Normative Resources

The experimental focus on remission and relapse was not enough to legitimate cancer chemotherapy. The
prolonging and induction of remissions, were intermediate experimental objectives. They represented
what the actors could do, but not necessarily what they ought to do (Jasanoff 2004). To institutionalized
chemotherapy, remission had to become more than an experimental outcome. It had to become a stable
normative category that could be placed at the center of a therapeutic enterprise. Chemotherapy trials,
moreover, were constantly criticized for their unsound scientific approach and ‘shotgun empiricism’
(Karnofsky 1962). Critics questioned their potential to deliver benefits for future patients. Oncologists
had to convince patients, medical practitioners, and oncologists themselves that patients should undergo
aggressive procedures to achieve remission. To counter this criticism, the induction of remission had to

become valuable in itself.

To turn remission into a meaningful category outside of experimental settings, oncologists sought to link
it with therapeutic interventions relevant for ‘ordinary physicians.” Oncologists framed remission as an

objective of terminal care.

Patients dying from advanced cancer posed a problem for medical practitioners. Even if all they did was
to withhold supportive therapy and pray for a quick death, doctors had to encounter and manage those
patients beyond saving. As it became clear that chemotherapy could not provide a cure, chemotherapists
sought to reframe it as palliative therapeutics. By advocating its use in community-based terminal care,

oncologists framed chemotherapy in terms of the interests and concerns of general practitioners.

In the following pages I examine the two main tactics used to frame chemotherapy as palliation. I show

that there were considerable tensions between the ethical commitments that oncologists sought to
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mobilize for this purpose. I then offer some thoughts on how oncologists managed to hold on to both

ethical ends, and to skillfully switch between them.

I clarify how this account of the normative creativity of oncologists differs from the ‘nothing to lose’
story’ and then return to show that the legitimation of chemotherapy as palliative care did not create two
therapeutic technologies—experimental versus palliative chemotherapy—practiced in distinct
institutional settings. Rather, 1 argue that the palliative framing of chemotherapy supported the

continuation of the experimental trials themselves.

Remission and Palliation

To legitimate chemotherapy, oncologists mobilized existing normative resources. Aligning themselves
with family doctors, oncologists framed chemotherapy as supportive palliative therapy for those patients
beyond saving. Consider the following example from an article published in 4 Cancer Journal for

Clinicians in 1952:

Palliative treatment, in the form of the intelligent utilization of-.nitrogen mustard, offers a great
deal for the morale and comfort of patients who must otherwise feel abandoned. It is hard for
anyone who has carefully followed some of these patients to understand the unfortunate and
widespread opposition to these methods of treatment for bronchogenic cancer. Not only is the
actual survival time prolonged, but the patient so treated almost invariably has better morale
than the untreated patient and often exhibits moderate to marked symptomatic improvement for
variable periods...

His [the patient] family is spared the tearful despair of an individual who feels abandoned and
convinced of his imminent death (LaDue 1952 p 85-6)

The arguments laid out by LaDue are characteristic of the framing of palliative chemotherapy. While it
could not cure patients, the author suggested that there was enormous value in administering nitrogen

mustard. Most importantly, chemotherapy ensured patients that they were not abandoned by doctors.
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Chemotherapy provided confidence and hope that led to improved spirits, and often enough to actual
clinical improvement and to the delaying of death. Notice that the author advocated for chemotherapy not
because it offered to save anyone, but because it offered support for the dying patient. The merit of
chemotherapy, according to this palliative view, was not in prolonging life but in alleviating symptoms

and providing temporary comfort.

The physician whose patient has failed to respond to medical treatment, and for whom realistic
hope of recovery has been abandoned, now has the duty of making as comfortable as possible
whatever space of life remains to the suffering human being under his care. This includes the
provision of appropriate therapeutic measures such as drugs which may be necessary to minimize
pain and anguish. It includes the making and carrying out of decisions as to what the patient is to
be told about his condition and as to when life-prolonging treatment is no longer a gift but only a
prolonging of agony, depriving the patient of an opportunity to die with dignity and leaving his
relatives exhausted and terrified (Chodoff 1959:29).

The doctor’s responsibility, according to Chodoff, was to develop a strong moral disposition to be able to
fulfill his duties to the dying patient and provide sound guidance to him and his family. The doctor had to
overcome personal guilt and fear, and to cultivate the ‘personality structure’ that will enable him to
‘continue to be useful to his patient after he can no longer devote himself to efforts towards bringing
about a cure.’ (Chadoff 1959:30). This may be ‘impalpable for physicians, geared as they are towards

curative efforts. Yet it is ‘the doctor’s responsibility to see his patient through to the end' (Chadoff 32).

Objective, partial and subjective remissions, in particular, were described in terms of the alleviation of
suffering. Shrinkage of tumors reduced pressure on vital organs and allowed for the recovery of basic
functions (e.g., decrease in tumor mass pressing against the lungs improved breathing). Tumor shrinkage
also promised to help with the alleviation of pain. Hormonal chemotherapy, for example, promised to
provide pain relief in bone metastasis refractory to all narcotics (Symposium on Terminal Care 1959:77-

78). In some cases, chemotherapy could also restore strength and appetite:
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The patients were classified as showing marked improvement when they were able to resume all
previous activities, moderate, when they were able to return to part-time employment or were not
confined to their homes by the severity of their disease. Slight improvement was said to be present
when the patient stated his symptoms were less severe and his need for opiates had disappeared..
(1952 p 85-6)
Oncologists were not satisfied with placing the value of chemotherapy in the future benefit to future
patients. Chemotherapy, had to be framed as an ethical intervention in reference to concrete patients.
Furthermore, it was critical to clarify why direct benefits outweighed the risks and costs. By detailing the
direct benefit from palliative remissions, chemotherapists sought to lessen the objection to chemotherapy.

The ‘unfortunate and widespread opposition’ to chemotherapy, hoped LaDue, would disappear once

doctors and patients witnessed the invaluable comfort it brought patients.

The Secularization of Dying

To fully understand how this account differs from the common narrative about the normative
commitments of oncologists, we need to take a deeper look at the palliative rhetoric of oncologists and
their origin. While the common account focused on the sanctity of life, I argue that, at least in part,

oncologists’ ethical commitment to patients was grounded in the secularization of dying.

The normative schemes and categories they mobilized to legitimate chemotherapy had their roots in
nineteenth-century reforms that were largely institutionalized by the mid-twentieth century. The
imperative ‘not to abandon the dying patient,” as well as the responsibility of the physician to 'administer
intelligent hope'—not a false hope that the doctor could cure the patient, but the hope inherent to the
presence of the doctor at the deathbed—were part of a broader historical process of the secularization of
dying. In his book The Modern Art of Dying, Lavi (2015) traces the processes by which doctors came to
replace clergymen at the deathbed, and by which the treatment of the dying became the responsibility of

the medical profession. Although in the 1940s patients with advanced cancers were still commonly sent to
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die in their homes without medical assistance, oncologists’ protests against the abandoning of these
patients were grounded in a broad ethical project that dated back to the nineteenth century. By the mid-
1950s, the professional duty to treat dying patients had been a focus of professional reform for more than
a century. Lavi describes in detail how ‘hopeless suffering’ became a visible category, which justified
medical intervention even when there was no hope of a cure. The examples used by Lavi are practically
identical in their rhetoric to the articles that filled 4 Cancer Journal for Clinicians. Consider the

following excerpts from Lavi:

What, then, could be a unique contribution of the physician to the dying patient? Despite the
hopelessness and the inevitable decline associated with dying, and perhaps precisely because of
it, the medical profession followed a deeper calling to continue treatment and maintain hope in
the face of death. One might even say that the new role of the physician at the bedside was to
minister hope in the face of approaching death. 'For with encouragement and with promise,’
Marx believed, 'he will bring spirit to the dejected, hope to the fearful, confidence to the
despairing'..while its appearance did not hinge on any significant advancement in medicine’s
power to alter the conditions of dying, it was precisely this disposition that motivated the medical
profession....

..t is a sign of modern technique that even when it cannot promise salvation, it is satisfied with
partial results. Even though it may not offer a cure to the dying patient, it celebrates small
victories and a continuous deferment of death. The hope of the physician should be an intelligent
hope. It should be based upon just and definite conclusions. It should be discriminating, and
should be varied in its degree according to the character of each individual case. . . . In the
tedium of his confinement, if it be a long one, he soon tires of looking far ahead to the bright
fields of convalescence, but finds relief in the time and spots lighted up of hope by the way—the
oasis thus made in the desert of sickness. (Marx cited by Lavi 2015: 55)

The intelligent hope administered by modern doctors, as described by Lavi, is exactly the bounded hope
of prolonging remissions. Rather than offering a cure or any long term prospects, it focused on ‘small
victories,” and the ‘continuous deferment of death.” The focus on immediate and intermediate objectives

was not only an approach to scientific experimentation, but an ethical scheme of action.
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By framing chemotherapy as palliative care, oncologists moved away from a failed curative project and
offered a possible way to align themselves with community-based practitioners. While this paper cannot
directly address the degree to which oncologists succeeded in actively enrolling family doctors, it

proposes that this legitimation of chemotherapy lent support to the experimental trials.

Sustaining Life

In an article published in 1960, Karnofsky made remarkable efforts to enroll community practitioners by
framing chemotherapy as a solution to the problem of terminal care. Karnotksy explained why it was
completely understandable that community practitioners developed a ‘distaste’ for chemotherapy.
Terminal care was expensive and time consuming. It required ‘the finest facilities and trained personnel’
which were not available outside of specialized centers. The inevitable progression of cancer,
furthermore, despaired the patients and made them ‘increasingly difficult to manage’ (Karnofksy 1960:9).
Yet most importantly, the tasks of caring for the terminal patient were unrewarding and even offensive to

the doctor:

The physician has an understandable distaste to continue to care for someone who is an offense
to his pride as a healer’ (Karnofksy 1960:9).

Defeatism in the face of terminal care, deplored by Karnofsky, led doctors to the opinion that the
‘prolongation of life of patients dying of advanced cancer is to be condemned’. These doctors depicted
‘death as a friends, providing a graceful and dignified exit, and the doctors attempting to delay death as

bumbling and cruel’ (Karnofksy 1960:9).

The first step in Karnofksy’s counter attack was to establish the unequivocal legal and ethical
commitment of the doctor to sustain life as long as possible. The decision to withhold supportive

treatment a few hours before death, argued Karnofksy, is morally equivalent to the decision to withhold
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treatment at any point during a patients’ life. Any decision to stop supportive measures, he concluded, is

dangerously akin to euthanasia practiced in Nazi Germany.

Karnofksy also listed practical considerations regarding the continuation of terminal care. There was
always a chance that the patient deterioration was due to a clinical error that could be uncovered and
fixed. Similarly, there was also the possibility of a misdiagnosis that could be corrected. Most
importantly, Karnofsky reminded practitioners that patients could always miraculously recover; therefore,

it was categorically wrong to make ‘an arbitrary judgment’ to stop supportive care (Karnofsky 1960: 10).

The most important argument in favor of terminal care however, was that the commitment to sustain life

as long as possible marked the fundamental ethical disposition appropriate for medical doctors.

The Physician who treasures his patient’s life as a life, without trying to judge its value to the
patient, his family or to the community, will, in the end make fewer mistakes, will learn more
about the disease he is treating, and will have the satisfaction of giving his best efforts against
difficult odds...he will continue to elevate our standards of care of patients with cancer, and will
find clues which can lead to important and fundamental advance.. The achievements and
triumphs that may occur in the fight against cancer will come from doctors who do too much —
who continue to treat the patient when the odds may appear overwhelming — and not from those
who do too little’ (Karnofsky 1960: 10)

This defense of terminal care, was quite at odds with the commitment to alleviate the suffering of the
dying patient. The latter approach posited dying as the object of intervention. The process of dying was
not narrowly defined as the hours immediately preceding death but rather as the inevitable deterioration
of the patient toward death that was to be treated. This approach moveover, prioritized comfort as well as
relief from pain and despair. Karnofksy’s approach, on the contrary, centered on the commitment to

sustaining life. It prioritized life support which necessarily compromised the patients’ comfort and ease.
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The commitment to sustain life, as presented by Karnofksy, is quite closer to the ‘nothing to lose’
narrative. Like the popular narrative (Mukherjee 2010), it celebrated the 'fighting spirit’ of oncologists,
their refusal to give up no matter the odds, as the key to their professional vision. Yet the normative
construction of their practical ethical commitment is more complex than suggested by the popular

narrative.

The commitment to sustain life was deeply embedded in the context of terminal care. It was not grounded
in a promise for a cure or to save lives, but in a rejection of defeatism, reframing it as a danger to
professional authority, clinical skills, and medical progress. The struggle to sustain life as long as possible
could not itself be sustained by any immediate or practical hope for clinical triumphs. Oncologists often
argued that patients should be kept alive as long as possible, because every day a new miraculous drug
that could save them might be discovered. (The promise of a cancer cure had always been a rhetorical
resource to mobilize). But in the 1950s and early 1960s, the entire project of chemotherapy could not
hinge on this hope alone. As patients were dying in cancer wards, remission itself had to become

defensible.

The commitment to sustain life dragged oncologists into lengthy debate about the boundaries of
supportive interventions. Oncologists were criticized for using aggressive experimental procedures for
keeping reluctant patients alive in the most grotesque ways (Karnofsky 1960). Critics argued that
oncologists were not prolonging life, but the dying and agony of the patient (see also Baszanger 2012:
866). In his paper, Karnofksy himself engaged in boundary work, urging clinicians to avoid experimental

procedures that should be reserved for experienced researchers.

A distinction must be made between the application of established measures and the use of
experimental drugs or procedures. The practitioners is only obliged to use conventional
treatment and should not be expected to use proven and possibly dangerous experimental
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procedures. Moreover, and isolated clinical trial cannot produce meaningful data useful in
assessing the value of a methods (Karnofsky 1962 168).

Other doctors, clergyman, and patients offered ways to distinguish between ‘heroic’ and ‘reasonable’

means for prolonging life, that could responsibly be used by the doctor:

Ordinary means might best be defined as those which are at hand, and do not entail effort,
suffering or expense beyond that which men would consider proper for a serious undertaking,
according to the state of life of each individual. Apart from subjective considerations of pain,
expense or personal abhorrence (which classic authors generally use as a partial basis for
judging means to be extraordinary), most of the commonly available techniques of modern
surgery and medicine should be classified as ordinary means of preserving life (Betowski 1960:
27).

While the debate revolved around the question of which chemotherapy procedures could be considered
‘non-experimental’ and be adopted in community practice, Karnofksy’s paper developed in yet a different
direction. The articles from 1960 and 1962, while written as manifestos to support the use of
chemotherapy in community-based terminal care, concluded with a recommendation to refer patients to
specialized cancer centers whenever advisable. Karnosfky called to remedy situations in which facilities
for treatment of advanced cancer in the community were inadequate. In the meantime, he offered that
‘patients should be referred to clinical investigators in specializing hospital or research centers, where
new procedures, under controlled conditions, can be applied to determine their usefulness in specific

clinical situations' (Karnofsky 1962:169).

The effort to frame chemotherapy as a palliative measure in community-based medicine, as we can see,

was entangled with the recruitment of patients for experimental chemotherapy trial.
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Two Types of Cancer Chemotherapy?

Oncologists sought to enroll medical practitioners by integrating chemotherapy into community-based
terminal care. They sought to distinguish between the experimental and routine procedures of
chemotherapy. It is clear, moreover, that the chemotherapy dosages and cycles used by community
practitioners were not as high or as complex as those used in experimental settings. Practitioners did not

have the supportive technologies to administer complex regimens and manage their toxicity.

It might be argued, therefore, that what we find is not the reframing of chemotherapy as palliative care,
but the creation of two distinct therapeutic technologies practiced in distinct settings and by different
professional groups; palliative and experimental chemotherapy. Each group put drugs into use in different
ways to produce different effects for different objectives. This paper does not offer any data on the
adoption of chemotherapy in community practice. Available research indicates that such adoption rates
were not very high, but further and more detailed research is needed for addressing this question (Lowy

1995).

This empirical question of the adoption of chemotherapy in community care, although important, is not
critical for our analysis. The key argument is that the framing of chemotherapy as palliative care was
critical for justifying experimental chemotherapy itself. The arguments supporting the use of
chemotherapy in terminal care looped back into the experimental setting and allowed oncologists to
legitimate trials in reference to palliation. Remission became a meaningful therapeutic achievement that
could stabilize the ongoing chemotherapeutic project as it expanded and recruited an increasing number

of patients across the United States.

The normative creativity of oncologists was in creating a frame that multiplied the ethical commitments
and ends available for oncologists. During these years, perhaps because experimental trials were still the
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settings in which most chemotherapeutics were administered, these ethical commitments could exist side-
by-side and oncologists could switch between them. With the institutional differentiation of the 1970s,
when end-of-life care and oncology became increasingly distinct projects, the tension between these
ethical commitments gained visibility and practical importance (see Baszanger 2012 on the open rivalry

between oncologists and the palliative movement).

Conclusion

To explain the rise of oncology in the United States I examine a key aspect of the evolution of
chemotherapy that has been largely overlooked in previous research: the normative legitimation of its
therapeutic goals. The first step of the analysis draws on a pragmatist theory of social action—Deweys’
‘ends-in-view’ model—to explain how the objectives of chemotherapy have emerged from the immediate
challenges that confronted oncologists in cancer wards. I show how the ability to temporarily suppress
neoplastic growth led oncologists to replace the problem of cancer and the search for a cure with the
problem of remission and relapse. The pragmatist model offers a convincing alternative to teleological
explanations which depend on the weak assumption that medical experts act toward predefined objectives
derived from their interests. Similarly, it suggests that we discard the teleological normative story, which
claims that oncologists succeeded because of their uncompromising commitment to fight for their

patients’ lives.

The application of Dewey’s model to the case of chemotherapy offers further analytic potential. Dewey’s
model cannot quite account for the formation of the problem situation. Different actors might have
contesting views on the problem and might ‘see’ different ends-in-view depending on their perspective. |
show that to bring a new end into view (remission), the actors invested in this end had to redefine the

problem situation itself (relapse).
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Further, this paper seeks to explain how the new experimental objective became a center of a therapeutic
project. I argue that to institutionalize ends-in-view, they must become more than tentative objective
representing what the actors can do. They must become normative categories representing what the actor
ought to do. I then examine how oncologists mobilized existing normative resources to frame
chemotherapy and remissions as solutions and interventions in the context of terminal care. This point is
of great importance, because most literature on experimental chemotherapy has discussed the rivalry
between oncologists and specialists that “advocate for minimal intervention, palliative care, and the
development of the hospice network” (Lowy 1996:68). A more detailed analysis shows that the very
meaning of ‘palliation’ and ‘experimentation’ and institutionalized therapeutic objectives, as well as the

relation between them, depend on socio-historical context.

The critical point of this analysis, however, is that the legitimation of chemotherapy depended neither on
the success of enrolling family physicians nor on the adoption of chemotherapy in community-based
medicine. Most ‘ordinary practitioners’ did not have the means of available facilities to appropriately use
chemotherapy. By legitimizing remission as a therapeutic objective—an objective that was valuable even
outside of the experiment, oncologists strengthened the legitimacy of the trials themselves. More broadly,
we can hypothesize that when cutting-edge clinical research generates innovative outcome variables,
these variables must become therapeutically meaningful even when the experimental outcomes cannot be

achieved outside of experimental projects.

Finally, this paper offers a contribution to pragmatist methodology. Rather than trying to explain actions
as outcomes of preexisting social norms, I explain the construction of norms through collective action. By
expanding on the ‘ends-in-view’ model to trace the institutionalization of intermediate ends, I show how
the normative creativity of oncologists produced a durable normative frame that supported the project of

prolonging remissions.
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Conclusions

Each of the papers included in this dissertation offers a specific contribution to research on cancer

chemotherapy and to social studies of medicine, science and technology.

Sociological and historical studies on chemotherapy and leukemia agree that Emil Frei and Emil Freireich
have discovered the cure for Acute Lymphoblastic Leukemia (ALL). The paper ‘Adequate Trials’ in
contrast, demonstrates that this claim is not entirely accurate. I show that a bureaucratic apparatus
supporting the experimentation with cytotoxic therapy, enabled Frei and Freireich to established ALL as a

distinct diagnostic category.

To further develop this paper in a future book project, I intend to include a comparative aspect that would
reinforce the claim that diagnoses are grounded in modes of practical intervention. During the years when
oncologists were splitting up the diagnosis of leukemia, endocrinologists were lumping together hormonal
cancers to study their common mechanisms in the search for hormonal therapy. Similarly, after breaking
down the category of blood cancer to find treatments for leukemias, oncologists had to reassemble this
category in order to use it as a general model for developing additional chemotherapeutic protocols. The
category of blood cancer enabled oncologists to transfer methods from leukemia trials to the treatment of
Hodgkin’s lymphoma. Because the ‘naive’ assumption is that diagnoses become increasingly narrow and
specific as medical sciences advance, these cases in which diagnoses were lumped together will provide a

useful leverage to make a theoretical arguments linking diagnoses to contingent therapeutic technologies.

The paper ‘From Bullets to Cocktails: The Invention of New Therapeutic Methods in Cancer
Chemotherapy’ contributes to research literature by addressing the question of the legitimation of
combination chemotherapy. Not only that the controversy around drug combinations is of historical

significance in studying cancer chemotherapy, the tensions that underlying this controversy are of
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theoretical importance for understanding broader issues in the regulation of drugs. The paper
demonstrates that drugs are black-boxed therapeutic technologies and that experts can always open these
black boxes. To further this investigation we should ask under what conditions experts open these black
boxes and under what conditions do they try to tightly package therapeutic processes as single treatments.
The success or failure to control the black-boxing of therapeutic technologies, I argue, is an important
aspect in the ability of experts to gain autonomy and power. The tension between drug-centered and
procedure-centered approaches can be studied not only in the context of experimental clinical research.
Research literature suggests that in routine clinical work, doctors constantly mobilize epistemic,
normative, organizational and technological resources to move toward procedures-centered therapeutics
(Yet a drug-centered approach can also serve to shelter experts from demands and consequences of
failures) (Greene and Watkins 2012) . Another potential case for exploring these questions is a

comparison between FDA guidelines for drug approval and the guidelines for regulating medical devices.

The paper also requires additional empirical materials to further our understanding of the linking of
cancer and infectious diseases through the problem of drug resistance. There is still a need for a detailed
review of the specific tools and methods that were borrowed from the treatment of tuberculosis and
introduced in the treatment of cancer. Similarly, a more detailed account is needed for explaining how the
similarities between tumors and bacteria were constructed. Further, a more nuanced analysis could follow
early clinical trials to show that sequential protocols and combination protocol co-existed and thus to

more effectively demonstrate that chemotherapy did not evolve along a deterministic path.

The archival materials I collected would enable me to develop both ‘Adequate Trials’ and ‘From Bullets

to Cocktail’ in the directions suggested above.

Finally, the paper ‘How Means Turn to Ends’ demonstrates the flexibility in the framing of the objectives

of chemotherapy and explores the formation of ‘palliative chemotherapy’. This point is critical, because
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most research on curative and experimental chemotherapy has focused on the rivalry between the hospice
movement and terminal care on the one hand, and chemotherapy on the other (Baszanger 2012). The
paper thus invites further analysis to understand the institutional differentiation of therapeutic projects.
Another contribution of the paper is in linking pragmatist theory with theories from the sociology of
science and technology. The paper calls for deeper engagement with pragmatism, to explore the question

of institutionalization in the context of therapeutic and techno-scientific projects.

The paper stresses the importance of the continuity between experimental research and clinical care. Yet
it suggests that such continuity might be secured in various ways. In the case of cancer chemotherapy, it is
unclear that experimental practices could have been adopted in community-based settings. This is also
true for many of contemporary procedures that depend on intensified techno-scientific infrastructures (i.e.
‘biomedicalization’ (Clarke et al. 2010). The problem of linking cutting-edge experimental procedures to
clinical care and the question of access to innovative therapies are of growing importance. The paper
therefore, engages with broader research on the relation between ‘bench’ and ‘bedside’ and on the
legitimization of experimental research. We find that many experimental therapies that are inaccessible in
practice, are framed in terms of clinical care. It would be interesting to study the factors that shape the
degree to which experimental researchers depend on continuity with clinical care, and the variation in
their strategies for creating such continuity (for example, technologies that clash with existing cultural
norm might require different strategies to create such continuity than technologies that are less

controversial).

Taken together, the three papers offer tools for explaining how technological innovations that are not
quite successful, might still generate extensive and influential enterprises. The accounts emphasize that
such trajectory, demands normative, epistemic and organizational creativity in transforming the

parameters for using and evaluating new technologies. The accounts show that to bring about such
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transformations, actors must stabilize new categories, objectives and methods through the recruitment of

allies and the creation of durable infrastructures.

The papers begin to identify the interdependence of the various processes of the invention of
chemotherapy. To induce remissions, oncologists had to identify the right groups of patients and to
rewrite diagnostic categories. To locate and recruit enough patients, they needed bureaucratic
infrastructure to support standardized collaborative action. To build such infrastructure, oncologists
needed to establish their place at the NIH and form the cooperative research groups. To position
themselves between scientists and clinicians, they needed to both articulate the problems of chemotherapy
in terms of laboratory sciences, while securing the normative legitimacy of their practices in terms of
clinical care. Yet to offer concrete clinical benefit for patients, oncologists needed to conduct ‘adequate
trials’ and to recruit and reclassify patients. To identify the ‘right’ group of patients however, they needed
to follow the therapeutic technologies that generated the data used to reclassify patients according to their
response to treatment. A systematic analysis of these interactions, will be the focus of a book project

synthesizing these papers.
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