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Abstract:

During World War II, the U.S. Committee on Medical Research (CMR) coordinated and funded an
integrated, cross-sectoral effort to develop medical science and technology for war, representing the
U.S. government’s first substantial investment in medical research. Using data on all CMR research
contracts, we show that despite mixed results during the war, this effort helped lay the foundation
for the postwar growth of U.S. biomedical innovation, including growth of biomedical science in
nascent fields, new drug development, advances in clinical knowledge, and the postwar extramural
research funding at the National Institutes of Health. While changes in science diffused globally,
the acceleration of drug development concentrated in U.S. firms, which subsequently adopted new
methods of drug discovery and development and the systematic application of science. Taken to-
gether, the results point to the possibility that focused R&D policy interventions can have aggregate
effects when they catalyze structural changes in the innovation system.
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Improvements in human health rank among the most transformative developments of the twentieth
century: Nordhaus (2003) estimates that the 30-year increase in U.S. life expectancy over the
century was as valuable as measured economic growth in all other sectors combined. Although the
reasons for these gains have been debated, a crucial contributor is widely thought to be advances
in medical science, technology, and practice (e.g., Murphy and Topel 2003, Cutler and Kadiyala
2003, Cutler et al. 2006). Many observers attribute these advances to the productivity of a highly
developed U.S. biomedical R&D ecosystem (e.g., Laitner et al. 2024).

This ecosystem, however, is a post-World War || phenomenon. A century ago, U.S. universities were
far less research intensive than they are today and had limited resources for research, medical or
otherwise (Geiger 1986) The pharmaceutical industry was small and concentrated, spent a smaller
share of sales on R&D, and undertook little formal testing (Cockburn et al. 1999). The National
Institutes of Health (NIH) was also small and intramural, interfacing little with the university or
commercial sector. As Figure 1 shows, biomedicine grew slowly prior to 1940. World War Il then
placed new demands on the country's relatively immature biomedical research system. In response,
between 1941 and 1945, the newly-created U.S. O ce of Scienti c Research and Development's
(OSRD) Committee on Medical Research (CMR) enlisted universities, rms, and hospitals around
the country in a large, collaborative e ort to develop medical science and technology for war|an
undertaking which was not only the federal government's rst extramural investment in biomedical
research but also one of its few pursuits (ever) of an actively-managed biomedical research policy.
The end of the war in 1945 marked a turning point in annual scienti ¢ publications and drug-related

patents (Panels A and B), which have been growing rapidly ever since.
[Figure 1 about here]

This evidence motivates the central question of this paper: what relation did the CMR e ort have
to postwar U.S. biomedical innovation, and why? Using newly-collected archival data on all CMR
research contracts, we show that the subjects CMR supported experienced long-lasting postwar
growth in scienti c research and drug development, persisting to at least the 1960s. Firms engaged
in CMR-led drug development projects entered a two-decade period of proli ¢ drug innovation,
which was increasingly characterized by systematic approaches to drug discovery and a stronger
basis in sciencelfeatures which persisted even after this surge in new drugs subsided. CMR also
provided a foundation for the postwar NIH, which absorbed CMR's portfolio and much of its

apparatus after it demobilized. Academic science, the pharmaceutical industry, and NIH became

1 As Geiger (1986), Urquiola (2020), and others have observed, U.S. universities began growing their research capacity
in the 1920s and 1930s, but had limited capabilities by modern standards (and nearly none outside of a small number
of universities) and limited research funding (even from leading foundations).



the key pillars of U.S. biomedical innovation in the years that followed, with large implications for

public health and economic growth over the remainder of the century.

Our rst set of analyses examines science. To do so, we collect data on the universe of biomedical
research publications between 1930 and 1970 and map both these and CMR contracts to Medical
Subject Headings (the National Library of Medicine's controlled vocabulary for indexing research
in the life sciences), as a measure of research space. Comparing the long-run growth trajectories of
research subjects that were targets of CMR investment against those that were not, we nd that
underdeveloped subjects that were a focus of CMR research grew signi cantly during and after the

war, relative to others, despite not being on di erential prewar trends.

Our second set of analyses examines drug development in the postwar pharmaceutical industry.
Using a list of new drugs introduced to the U.S. market between 1940 and 1975, we show that
drug categories where CMR was active yielded signi cantly more new drugs in the 1950s and
1960s. Firms involved in the war e ortjsome of whom, like P zer, were not previously in the

drug business|became particularly proli ¢ drug developers for the next two decades. Many of
these drugs developed as a result of new discoveries, processes, and capabilities which CMR di-
rectly supported|from semi-synthetic antibiotics to natural drugs which could be produced using

techniques for industrial-scale fermentation borne of the war e ort.

One practical e ect of this investment was a reduction in military morbidity and mortality, partic-
ularly from infectious disease. But CMR-led wartime innovation also had the potential to in uence
civilian health. Though speci c links to civilian disease burdens are di cult to establish econo-
metrically, in our third set of analyses, we examine the diusion of CMR-funded research into
medical training and practice. To do so, we draw on a leading medical textbook (Cecil'sSTextbook
of Medicine) and popular clinical reference manual (theMerck Manual of Diagnosis and Therapy).2
Using successive editions of these texts, we show that CMR-funded subjects were more likely to be
added to postwar editions of these textbooks, re ecting the practical value of new medical knowl-
edge which emerged from the war e ort|albeit with a several-year lag, re ecting the time it takes

for this medical knowledge to standardize and di use into practice.

Individually, these results document the impacts of public R&D on biomedicine and its application
in technology|subjects of perennial scholarly interest (e.g., Cockburn and Henderson 1996, Jacob
and Lefgren 2011, Toole 2012, Azoulay et al. 2019b, Myers 2029).However, additional evidence

20ur choice to probe di usion of medical information into textbooks is motivated by research arguing that textbooks
were until recently a main source of information for clinicians which \re ect the level of knowledge of the average
medical practitioner and [can be used as] a consistent sampling device for measuring changing practice patterns”
based on their periodic revisions (Greene 2007, p. 294; also see Catillon 2017).

3To these outcomes, we add a measure of incorporation into practice. Our research also di ers from prior work in



points to a broader structural transformation linked to the CMR e ort, of a type which has been
less of a focus in prior research on the e ects of public R&D. The persistent growth of biological
approaches to drug development and increasing use of science are both indicative of a more fun-
damental change in the pharmaceutical sector's innovation process itself, and coincided with the
emergence of the U.S. pharmaceutical industry as the global leader. That these changes are present
for U.S. rms but not foreign rms, and for the U.S.-based patenting of U.S. rms but not their

foreign patenting, reinforces an interpretation of structural change.

An old literature on industrial development, and an emerging literature on the macroeconomic
impacts of innovation policy, together provide a framework through which these ndings can be
interpreted. Existing theories describe how a coordinated investment across complementary activ-
ities can move an economy from a low- to a high-investment equilibrium (Rosenstein-Rodan 1943,
Murphy et al. 1989)|a logic that, transposed to innovation, describes how CMR's simultaneous
investment in science, technology, and the institutions linking them could have set U.S. biomedicine
down this path. A recent macroeconomic literature, meanwhile, nds that public R&D of broadly
this kind|extramural, science-oriented, and often health-related|generates large and persistent
returns to productivity and growth (e.g., Antolin-Diaz and Surico 2025, Fieldhouse and Mertens
2026a, Gazzani et al. 2026). One contribution of this paper is to connect that literature's aggregate

ndings to microeconomic evidence on mechanisms behind them.

Another contribution of this paper is in understanding innovation processes and institutions. In
particular, the interconnectedness of innovation under CMR and in postwar biomedicine is di erent
from the popular \linear" view of innovation in which science ows unidirectionally to technology,
production, and implementation (Godin 2006, Balconi et al. 2010). Despite frequent critiques, the
linear model remains the subject of a large and interdisciplinary scholarship on innovation and a
signi cant share of innovation policy (including much of NIH). # This paper o ers a reminder that
innovation processes involve substantial interdependence across di erent actors and institutions
and across the R&D value chain (Rosenberg 1982). Our emphasis on this feature of innovation and
its implications brings a complementary \systems" perspective to empirical research on the e ects

of R&D policy, which otherwise often focuses on discrete outcomes.

More generally, this paper contributes to a wider literature on the e ects of biomedical research

studying not \bottom-up", investigator-initiated funding for fundamental research, but the e ects of a more \top-
down", use-oriented biomedical R&D policy bordering on technology policy|lan approach which draws recurring
interest in biomedicine (Cook-Deegan 1996, Sampat 2012, D'Souza et al. 2024) and other elds (Branscomb 1992,
Nelson 1997) and which has a recognized evidentiary gap (Bloom et al. 2019).

4Though long declared \dead" (e.g., Rosenberg 1991, p. 335), the linear model is implicit in the voluminous literature
examining the impact of science on technology (see Rosenberg 1974 or Brooks 1994), e orts to measure direct linkages
from science to technology (e.g., Marx and Fuegi 2020, Bryan et al. 2020), and policies designed to encourage
commercialization of university science (Mowery et al. 2001, 2004), among others.



funding. Although the NIH has been the subject of most previous empirical studies assessing the
returns to medical research, its primary postwar emphasis on funding bottom-up, investigator-
initiated science at universities is speci ¢ and distinct from CMR's integrated research model in
World War II, which set application-oriented priorities, coordinated the activity it funded, spanned
sectors and disciplines, and linked science to technology, manufacturing, and di usion. While
scholarly interest in R&D policies with these features has recently resurfaced (e.g., Mowery 2009,
Foray et al. 2012, Mazzucato 2018, 2021, Kattel and Mazzucato 2018, Azoulay et al. 2019a, Agarwal
et al. 2021), there is limited systematic empirical evidence on what e ects such approaches might
have and why. This paper brings new evidence to this literature, complementing our prior writing
on the e ects of World War 1l research on the non-biomedical U.S. innovation system (Gross and
Sampat 2023a), where we found that the broader OSRD e ort set in motion postwar growth and

regional agglomeration of U.S. electronics and communications innovation.

We proceed as follows. Section 1 provides institutional background, including on the importance
of medicine to warfare, World War Il medical research, and CMR's imprint on postwar research
policy. Section 2 introduces our data and characterizes the CMR shock. Section 3 presents our
empirical approach and discusses identi cation and the conditions under which the estimated e ects
can be interpreted as causal. Section 4 evaluates CMR's relationship to postwar biomedical science;
Section 5, to pharmaceutical innovation; and Section 6, to broader changes in U.S. biomedicine,
including the growth of science-based innovation, aggregate innovation, and the di usion of CMR-
supported research to clinical practice. Section 7 considers the potential aggregate implications
of these changes and explores how the evidence relates to modern and recurring innovation policy

guestions. Section 8 synthesizes the evidence and concludes.

1 World War Il and Biomedicine

1.1 Military medicine: The battle against disease

Although nearly 70 countries participated in World War 11, another major adversary was disease,
which for most of history had killed more soldiers in war than battle eld wounds and incapacitated
an even greater number (Hoyt 2006 World War Il also presented a wider range of medical
problems than the U.S. military had previously encountered|not only new diseases, but also hew
environmental conditions and traumatic injuries. In the early 1940s, there was thus an urgent need
for knowledge and technologies that could address the myriad medical problems Allied soldiers

faced, including prevention and treatment of bacterial and viral infections, malaria, wound and

5See Appendix C.1 for further discussion, where Table C.1 compares mortality from disease versus injury in eight
prior con icts, based on reporting from the U.S. Army's Medical Department.
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shock treatment, blood substitutes, mental health, and issues relating to aviation physiology, motion

sickness, extreme temperatures, and nutrition, among others.

When World War 1l began, there was no obvious o ce in the U.S. federal government to assign
to this charge. Though the National Institute of Health (singular) was created in 1930, and was
expanded by Congress to include a National Cancer Institute in 1937, it was small and had no serious
extramural research funding capacity of the type that the war required (e.g., Swain 1962). Private
foundations had previously funded medical research through grants to individual researchers, but
these too were insu cient for the demands the war presented, due to their relatively small scale

and their focus on fundamental research rather than applications.

In 1941, the U.S. government's Committee on Medical Research (CMR) was created as a subsidiary
to the O ce of Scienti ¢ Research and Development (OSRD)|an agency established to coordinate
and fund civilian R&D for war|to Il this void. At the time, this was an unprecedented choice:
before 1940, there was very little federal funding of research outside of agriculture. In the executive
order creating OSRD, CMR was to support \the mobilization of medical and scienti ¢ personnel
of the Nation" and advise and oversee contracts \with universities, hospitals, and other agencies

conducting medical research activities ... related to the national defense" (Andrus 1948, p. xlii).

The R&D-funding apparatus that CMR ultimately developed to ful Il this charge was broad and
multifaceted (Gross and Sampat 2023b). General research priorities were determined in partnership
with the military, which brought military medical problems to its attention. CMR then shared these
priorities and solicited proposals widely, including from university scientists, rms, hospitals, and
independent research institutes. Rather than reviewing these proposals directly, CMR forwarded
proposals to the National Research Council's (NRC) Division of Medical Sciences (DMS), where
over thirty committees|comprised of hundreds of elite medical researchers and o cers from the
Army and Navy|provided peer evaluations, in an early use of peer review. Based on these reviews,
DMS gave each application a letter grade and returned a recommendation for funding, which CMR
typically followed. Once funded, CMR provided active project management, including organizing
meetings of investigators to promote information ows, collecting and circulating progress reports,
and supplementing or terminating projects as their results, and CMR's priorities, evolved. For
research directed at new treatments for diseases, CMR was also active in development, evaluation,
and implementation, with many of its contracts supporting experimental interventions and/or clin-
ical trials. Like OSRD in general, it was primarily a \results-oriented" program, and prioritized

relevance and speed over fundamental, scienti ¢ value.



Beyond funding: coordination and brokerage

Beyond funding, CMR played an important role in creating connective tissue in the nascent U.S.
biomedical innovation system. This connective role was particularly pronounced in speci ¢ projects,
such as in the e ort to mass produce penicillin. At the beginning of the war, the technology did
not exist to produce enough penicillin to treat a single patient, let alone for clinical testing|yet
by the end of the war, there was enough for all Allied troops and civilian use (Keefer 1969). Early
in the war, CMR reportedly was crucial in persuading private rms to get involved, brokering
information ows between these rms and the U.S. Department of Agriculture's Northern Regional
Research Laboratory (NRRL), organizing meetings, and refereeing con icts among participants
(Swann 1983, Neushul 1993). Once rms were able to produce enough penicillin for testing, CMR
coordinated and funded clinical trials. After trials were complete, CMR worked with the O ce
of Production R&D of the War Production Board (WPB) to scale up production to the needed
levels. The WPB provided needed material and equipment to rms, shared technical expertise, and
provided some funding. WPB corresponded with 175 potential producers, and eventually worked
with 20 in the program, chosen based on experience with penicillin, fermentation, and biological
production in general, as well as the quality of sta (Neushul 1993). Although CMR's primary
role in the scale-up of natural penicillin was coordination and clinical testing rather than more
upstream R&D funding for biochemistry or drug discovery, CMR did invest considerable research
funds in a parallel synthetic penicillin development program|which, at the beginning of the war,

it viewed as a more likely path to large-scale production (Swann 1983).
1.2 Results of CMR research

Between 1941 and 1945, CMR engaged researchers in roughly 570 contracts totaling arousd00
million (2024 dollars). Though it comprised only 5% of OSRD's total spending, and is less than 1%
of the current NIH budget, CMR research funding was an order of magnitude larger than previous
federal spending on medical research, much of it going into subjects that had not been a major

focus of research prior to the war. As Stewart (1948, p. 102) describes:

The shift in emphasis and even in direction was enormous. Many subjects of minor
importance in peacetime become of controlling importance in war. Some subjects are
born of war. Tropical medicine had been considered of rather academic interest to
the health of the United States. Even the machine age had not adapted our younger
generation to ying at 40,000 feet or diving at 400 miles an hour.
Though the performance of individual research programs it supported was mixed, CMR was suc-
cessful enough during the war to impact its conduct. The mass production of penicillin is its most

celebrated accomplishment: by 1944 the U.S. was able to produce enough natural penicillin to
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meet military demand; by 1945 it was made available for civilian use (Baxter 1946). In contrast,
CMR's parallel e ort to chemically synthesize penicillinjinitially seen as more promising|was
unsuccessful (Swann 1983). Its research also extended to malaria (Slater 2009). Though malaria
had long been treatable with quinine, the Japanese invasion of Java and war in the South Pacic
cut o supply routes. CMR's malaria program focused on nding quinine substitutes. It identi ed

and synthesized over 14,000 compounds and tested promising candidates against animal models, in
clinical trials, and on soldiers in the eld. This e ort struggled to nd substitutes during the war,

and when CMR established that an existing molecule, atabrine, could be used safely and e ectively,

it was adopted as the military's preferred preventative and treatment.®

There were numerous other successes and failures, most of which are detailed in Baxter (1946)
and Andrus (1948). Hoyt (2006) nds that between CMR and other government agencies, wartime
research helped develop new or improved vaccines for 10 of the 28 vaccine-preventable diseases
identi ed in the 20th century. CMR had a crucial role in funding research and development on
blood substitutes used to treat battle eld casualties (Creager 1999). CMR research also deepened
understanding of human physiology under environmental hardships such as nutrient de ciencies,
sleep or oxygen deprivation, and temperature exposure, as well as of stress disorders and mental

health|all in response to the demands the war presented.

The medical impacts of this work can be seen in military statistics (Appendix C.1). In short, the
military's problem of infectious disease was sharply reduced in World War Il. The ratio of U.S.
military deaths from disease vs. injury fell from 1.02 in World War | to 0.07 in World War I
(0.01 in the European theater). Hospital admission and death rates for many common infectious
diseases|such as pneumonia, in uenza, and measles|declined by 90% or more between the two
conicts. Figure C.1 in the supplement extends this comparison by plotting the time series of U.S.
Army hospital admissions and death rates per capita between 1895 and 1954, which have signi cant

spikes in prior wars, but no such pattern in World War I1.
1.3 CMR and postwar research policy

When CMR was disbanded in 1945, the Public Health Service took over its forty-odd open con-
tracts, which became the kernel of NIH's extramural research program (Swain 1962, Fox 1987).
Beyond providing a general model for using grants and contracts to fund research, NIH adapted
speci ¢ contracting approaches developed by CMR and OSRD during the war, including indirect
cost recovery policies and elements of patent policy (Rosenzweig 1998, Sampat 2020, Azoulay et al.

5Chloroquine was also a subject of CMR research, though it came into focus too late to be useful during the war|and
instead became a revolutionary malaria treatment in the years immediately after.



2025). NIH's peer review approach was also based on CMR: \study sections" of external scientists
providing initial scienti c/technical review were modeled on the wartime NRC/DMS review sys-
tem. In 1946, the NRC Penicillin Panel transitioned into the Syphilis Study Section, marking the
inception of what has grown to encompass over 250 similar study sections within the NIH. The NIH
budget has increased 1000-fold in real terms since the end of the war, and the agency is sometimes

known as the \crown jewel" of the federal government (Sampat 2023).

Despite these continuities, NIH also made major and explicit departures from CMR, including by
emphasizing fundamental research and providing exibility for scientists to take their research in
unplanned directions when opportunities emerged (Van Slyke 1946). In addition to this freedom of
exploration, topic choice in the NIH program was also primarily investigator-initiated or \bottom
up" rather than the \top down" priority setting of the wartime model. In a 1963 interview,
Cassius Van Slyke|the rst director of NIH's postwar extramural funding program|recounted
that the targeting of biomedical research to speci ¢ problems (\[T]hou shalt concern yourself with
the making of anti-malarial. Thou shalt concern yourself with the survivor's suits.") was \justi ed

by war time needs and exigencies" but was not the focus of the NIH (Van Slyke 1963).

2 Data and Descriptives

To examine links between CMR and postwar biomedical innovation, we collected a complete record
of all 590 CMR contracts (573 extramural, 17 intramural) from OSRD archival records.” For nearly
all contracts (588), we have a summary report identifying the responsible CMR division and the
research subject, principal investigator(s) (PIs), institution(s), budget, and timing (see Appendix
Figure A.1 for an example)® These summary reports also provide an extended abstract and list all
resulting publications (e.g., journal articles, technical reports, progress updates). Collectively, this
information provides the corpus we work with: titles and abstracts provide information on subject
matter, publications on research output, and header data on institutions and Pls. We identify
2,438 scienti ¢ publications produced by CMR-funded research, spanning a wide range of journals
in the medical sciences and related elds (e.g., public health, organic chemistry, entomology). We
manually linked these publications to three external publication databases: Microsoft Academic
Graph (MAG), Clarivate Web of Science (WOS), and PubMed.

"See Appendix A for a detailed description of our data sources and data collection. We cross-validate CMR contract
and publication data against additional OSRD records, including separately-maintained CMR contract lists and pub-
lication lists (details in Appendix A). This cross-validation led to occasional minor corrections, usually attributable
to minor typos in the source records. The 17 intramural contracts were entered into with other government agen-
cies (primarily with the USDA, NIH, and FDA), which participated in a handful of CMR research programs (e.g.,
USDA's Bureau of Entomology in malaria transmission research).

8Extended abstracts are available for 441 (75%) of summary reports. The two contracts for which we do not have
summary reports are CMR's rst and last extramural contracts.



In parallel to information from CMR, we collect data on three categories of outcomes: science,
innovation, and medical practice. We measure scienti ¢ activity via research publications, which
are attractive for their transparency and observability over long horizons, including both before
and after the war. Our publication sample begins with the universe of publications between 1930
and 1970 in MAG. We lter this sample to the 5.5 million publications in the Natural Sciencesand
Medical and Health Sciencesgpublished over this period, as indicated by MAG topic labels (OECD
eld codes). Though other publication datasets (e.g., WOS) have been used in prior research, MAG
has two main advantages over other sources: (i) it has comprehensive historical coverage dating to
the late 1800s, and (ii) it is open access. MAG provides additional information about individual
publications that are useful for our purposes, including titles, journals, authors, and cross-paper
citation linkages, and enables us to use secondary data products produced from the MAG sample,

such as patent citations to science (Marx and Fuegi 2020, 2022).

Measuring pharmaceutical innovation is harder: though drug development is often measured via
FDA drug approvals, there are no electronic data on drug approvals by drug class from this era. We

Il this gap by locating and digitizing de Haen (1976)'s \Compilation of New Drugs, 1940-1975",
which lists \new chemical entities or synthesized drugs not previously available in the United States"
rst marketed between 1940 and 1975 and serves as the basis for the FDA History O ce's historical
drug approval statistics.® The De Haen data document 1,010 drugs developed by 126 distinct rms
over this period, along with their trademark name, generic name, and year introduced. Each drug
is categorized into one of 42 therapeutic classes and over 150 subclasses. In parts of the paper, we
will also analyze drug-producing rms, for which we take two further steps. First, we link rms

in de Haen (1976) to patent assignees and measure these rms' drug patents (which we de ne
as patents in NBER patent category 31, \Drugs"; Hall et al. 2001) and their characteristics?
Second, because some rms in our sample merged during the study period, we collect merger data
from historical Federal Trade Commission tables (FTC 1980, covering 1947-1978) and dynamically

assign rms to their contemporary parents after known mergers.

Our next set of outcomes measure science-based innovation in the pharmaceutical sector, broader
technological innovation in the U.S. economy, and medical practice|channels through which CMR
may have had aggregate impacts. We use data on pharmaceutical rms' patent citations to science
(Marx and Fuegi 2020, 2022) to measure science linkages, and we expand our patent data beyond
this sector to all U.S. patents to evaluate CMR's relationship to wider trends in patenting. Although
linking R&D to population health is notoriously di cult, we treat medical practice as a surrogate

endpoint. Building on research which points to medical reference books as a window into evolving

9See https://www.fda.gov/about-fda/histories-product-regulation/summary-nda-approvals-receipts-1938-present.
patent data obtained from Google Patents and the Reliance on Science project (Marx and Fuegi 2020, 2022).



medical knowledge, we collect the contents of two prominent book series published both before and
after the war: the Cecil Textbook of Medicine(henceforth CT), a staple textbook of medical training
(Greene 2007), and theMerck Manual of Diagnosis and Therapy(MM), a popular clinical reference
(Tomes 2021). For these book series, we digitize all editions with an index through approximately

1960 and recover the subjects in each edition's index.

A nal resource for this paper is postwar biomedical research funding. As Section 1 explains, CMR
inspired and funded the creation of NIH extramural research funding, which increased sharply over
the rst two postwar decades. Postwar NIH funding in speci ¢ subjects may be another e ect of the
CMR shock. We digitize annual editions of the U.S. Public Health Service'sResearch Grants and
Fellowships Awarded by the National Institutes of Healthfrom 1948 to 1970 to collect information

on all NIH grants over this period, complementing the CMR record.
2.1 Categorizing CMR contracts, publications, and other sources

We use the National Library of Medicine's (NLM) Medical Text Indexer (MTI) to map these data

to a common domain: NLM's Medical Subject Headings (MeSH) vocabulary, which gives structure
to biomedical research space. The MeSH vocabulary was developed as part of MEDLINE, NLM's
database of biomedical journals, and consists of descriptors used to index MEDLINE articles for
searching and retrieval. There were 29,915 unique MeSH descriptors (\MeSH terms") at our time of
use (2021-2022¥% MeSH has an accompanying hierarchical structure, and the underlying \MeSH
space" is organized into 16 broad classes, each with subclasses, which have further subclasses, and
so on!? For example, the \Diseases" branch (letter C) begins with Infections (C01), which in turn
contains infections at various levels of speci city; each node in this tree we will refer to as a MeSH
code (e.g., C01.221.250: Blood-Borne Infections). Individual MeSH terms can exist at multiple
locations in the MeSH tree (e.g., \Blood" is listed under both Body Fluids and Hemic and Immune
Systems)|a feature which shapes our preference for MeSH terms (which are unique) rather than

codes as our unit of analysis in several sections of this paper.

MTI is a language processing tool that maps input text to MeSH terms and is used by NLM to
provide initial indexing of MEDLINE articles based on titles and abstracts. It can also be used to
categorize arbitrary biomedical text (NLM 2022). It does so in several ways, including (i) taking the
words in provided text and nding similar concepts in NLM's UMLS Metathesaurus, then nding

the closest MeSH headings, and (ii) by nding similar PubMed articles and extracting their MeSH

1 The MeSH vocabulary is continuously revised and updated as new terms appear in the scienti c literature.

2The MeSH tree is conceptually similar to hierarchical patent classi cation schemes such as the Cooperative Patent
Classi cation (CPC), with top-level (lettered) MeSH codes conceptually analogous to top-level CPC sections, three-
character MeSH codes (e.g., A01) analogous to CPC classes, and so on.
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terms (Mork et al. 2013). It also returns scores indicating con dence in each match. Prior research
has used MTI in other applications, including to measure the breadth of scienti ¢ articles (Kolev
et al. 2020) or determine the gender focus of patents (Koning et al. 2021). Here we use it to identify

the subjects of contracts, grants, publications, and medical texts.

In practice, MTI requires choices over what input text to use, how to map text to terms, how to
use con dence scores, and how to aggregate up to MeSH subjects or subject-years. Where possible,
we use all available text: we index MAG publications on their titles, CMR contracts on their titles

and abstracts, NIH grants on their titles, and medical textbooks on index entries. In using these
data, we normalize the returned MeSH term con dence scores for each indexed object to sum to
one, and drop all terms with a score below 10% to reduce nois€. Our analysis will at times make
use of score-weighted totals at the MeSH term or term-year level, and at times binary indicators

(e.g., of whether a particular MeSH term was a focus of CMR research).

For drugs we take a di erent approach, partly because we have less raw text to feed into MTI, and
our preliminary probes indicated that MTI does not reliably return descriptors from drug names,
active ingredients, or even drug categories as inputs. We instead create a manual crosswalk between
de Haen (1976) drug categories and 12-digit MeSH codes on thplarmacologic actionbranch of the
MeSH tree. We can then perform analysis at the level of these codes or their associated descriptors.

We discuss this drug-MeSH linkage in more detail in Appendix A.
2.2 Characteristics of the CMR shock

Table 1 describes the shape of CMR's research investment, showing the distribution of contracts,
contractors, and research funding across CMR divisions. Two patterns stand out: one is the
(relatively) even distribution of contracts and funding across divisions and the myriad problems
they were solving. The other is the total cost of the program, at roughly $21 million in the
1940s|equivalent to $400 million in 2024, or less than 1% of the current NIH research budget.
The table also contextualizes CMR research in MeSH space, documenting the most common MeSH
terms in each division: Syphilis (Medicine), Burns (Surgery), Oxygen (Aviation Medicine), Shock
(Physiology), DDT (Chemistry), and Antimalarials (Malaria). The most common MeSH term
across the CMR portfolio is Penicillins. Figure 2 extends the last row of this table, showing the
top 10 MeSH terms for each of these divisions, by term share of division contracts. The results
reveal a fuller list of focal subjects of CMR research, while also providing a check on the face validity

of the MTI approach to categorizing contracts and publications 1

13\We also drop check tags (MeSH descriptors that specify species, sex, or age, such as \Humans"), and supplementary
concepts (terms outside of the MeSH thesaurus, many of which are chemical formulae).

14Note that mapped subjects can occasionally be anachronistic due to noise in MTI indexing: Penicillin G Benzathine,
for example, was invented in 1950, but is scienti cally closely related to Penicillin G|which is the major form of
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[Table 1 and Figure 2 about here]

The raw data suggest that despite the speci city of the wartime problems CMR targeted, research
it funded may have been more broadly impactful. One such indication is visible in publication
counts alone. Appendix Table B.1 lists the top ve MeSH terms entering the publication record
(based on titles in the complete MAG corpus) each year from 1939 to 1946. For each term, we also
report the number of associated publications over the next 10 years and indicate whether it was a
focus of CMR research. New treatments and therapies that CMR cultivated were immensely more

likely to be the most heavily studied new topics of this period.

Other evidence comes from comparing CMR-funded research to contemporary work in the same
subjects. In Table 2 we estimate di erences in the characteristics of CMR and non-CMR publica-
tions, conditional on subject-year (i.e., cohort) xed e ects.*® Column (1) nds that CMR-funded
publications are signi cantly more likely to introduce new MeSH term combinations (novelty), with
the di erence an approximate 10% increase on the mean rate. Columns (2) to (5) show that CMR
publications were also impactful, over twice as likely to be in the top 10% cited publications in
their cohort and over four times as likely to be in the top 1%.

[Table 2 about here]

3 Empirical Approach

Most of our analysis will compare outcomes over time in biomedical research subjects, drug cate-
gories, or patent classes with higher or lower CMR investment, or between rms which participated
in CMR research and others. Our baseline estimating equation is as follows, whema and t index

MeSH terms and years and the sample runs from 1930 to 1970:

X
Yt = ¢ 1(Any CMR contracts) m Yeari+ m+ ¢+ "m (1)
161940

Elsewhere we estimate similar speci cations over di erent units (e.g., rms instead of MeSH terms),
with otherwise similar structure, and covering the same period (or as much of it as our data permit).
In each case we cluster standard errors by the panel unit®

penicillin developed and produced in World War Iljand sits one level below it in the MeSH tree. Robustness
checks at higher levels of aggregation group them together and yield the same results.
15 Concretely, we estimate the following speci cation: Y; = 1(CMR-funded) ; + « +"i, wherei indexes publications,
st are subject-year xed e ects, and standard errors are clustered by subject and year. For the purposes of these
tests, publications' primary subjects are measured as their top MTI-scoring subject.
18 For the analyses where we estimate relationships over MeSH terms, we have reproduced results over 12-digit MeSH
codes, including with standard errors clustered at higher levels of the MeSH tree.
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Our dependent variables vary across analyses. Where we study CMR's relationship to postwar
science (Section 4), we measure publications by subject and year, as well as derivative outcomes
such as unique publishing authors. For this analysis, we partition research subjects into three
mutually exclusive categories: new subjects (with no pre-1940 publications), \embryonic" subjects
(below-median pre-1940 publications, conditional on any|our principal focus), and \established"
subjects (the remainder). Where we study CMR's relationship to postwar drug innovation, we
measure new drug development by category and by rm (Section 5), and we measure drug-related
patenting by rms (Section 6.1). Where we study its relationship to clinical knowledge (Section

6.3), we measure subjects' coverage in medical reference books.

In most of this analysis, our preferred treatment measure will be an indicator of whether a MeSH
term (or drug category, rm, etc.) was the subject of any CMR contracts. This choice is a product
of two subsidiary choices: whether to measure inputs (CMR contracts) versus outputs (e.g., CMR-
funded publications), and whether to do so on the extensive versus intensive margin. We prioritize
inputs over outputs, mainly because CMR research varied in the form its speci c, direct outputs
(e.g., publications versus patents) and may not have paid o during the war but rather may have
done so in indirect ways afterwards. We prefer the extensive to intensive margin for two reasons.
The rst is the potentially wide variation in the cost of research across subject areas (e.g., bench
science versus drug trials), which is di cult to adjust for. Second is that in a few areas (e.g., in
natural penicillin), CMR primarily provided coordination rather than funding, and these contracts
had only nominal legal consideration. This latter observation applies more broadly: CMR was both
a research management organization and nancier. For these reasons, the extensive margin will be

more meaningful than the intensive margin in this setting.
Identi cation and interpretation

Though World War |l produced the rst signi cant U.S. government funding for medical research,
this fact alone does not clarify whether it is responsible for the patterns we nd or what would
have happened in its absence. If CMR supported research in subjects which were either (i) already
growing or (ii) imminently about to, or if these areas grew for other reasons, causal interpretations
would likely be undermined. To what degree was CMR independent of other potential drivers of

midcentury progress in science, technology, and clinical practice?

A causal interpretation of our results would require that absent CMR support, treated and untreated
research topics, rms, drug classes, and knowledge areas would have followed similar trajectories.
Although we will not be able to make a fully dispositive case for this assumption, a substantial

amount of evidence is consistent with it. An intuitive argument for independence is that military
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medical needs were exogenously di erent than the problems research activity would have otherwise
concentrated around absent the war. Contemporary accounts suggest this is true in part, but not
in full: in the opening sentence to the o cial history of CMR, Andrus (1948, p. 3) observes that
\War [both] augments certain problems already existent in civilian life and engenders new ones."
Intuitively, problems like aviation medicine or traumatic injury may be particularly acute in a war,

but in other areas, civilian and military medicine can coincide|most prominently in preventing
and treating common infectious diseases. The potential distinctiveness of military medical problems

alone is thus, in our view, not enough to claim independence.

There are several other pieces of evidence which reinforce a causal interpretation. The rst is pre-
trends: where our data span the pre- to postwar period, we will generally nd that CMR-supported
subjects and rms were not on di erential trends prior to the war. In our evaluation of CMR's
relationship to postwar science, this was the case for the \embryonic" subjects which are the focus
of our analysis; for other outcomes, it is the case broadly. The absence of pre-trends thus suggests

that CMR was not simply riding existing growth trajectories.

Although we cannot fully rule out that CMR pursued subjects which were on the precipice of new
breakthroughs that might have occurred anyway|an impossible claim to prove|a few historical
observations challenge this possibility. One is that CMR's pursuit of multiple, parallel approaches in
many of its research programs, and its mix of successes and failures, suggests against predictability:
if success were predictable, the war e ort would have been much more focused and successful. Even
if CMR prioritized areas where breakthroughs were conceivable in 1940, this does not imply they
were imminent: penicillin was long known to have therapeutic potential, yet at the time no rm
was making it, and there was no known way to produce it in large enough quantities for research,
let alone clinical use. The risk that CMR is confounded by support from other funders with similar
priorities also appears low: though philanthropic foundations such as the Rockefeller Foundation
were the primary source of prewar university medical research funding, they were too small and

concentrated to support science at CMR's scale or scop¥.

History conveniently o ers the opportunity to test whether CMR was supporting research subjects
which may have become a research priority irrespective of war-induced changes and thus grown

anyway by other means. In 1935, NIH announced plans for \a program of attack on disease

"The Rockefeller Foundation in particular is of singular interest, as it was the largest benefactor of natural sciences
research prior to the war, and in the mid-1930s accounted for over 70% of foundation funding in the natural sciences
(Geiger 1986). Though Rockefeller began supporting experimental biology in the 1930s, and much of what it funded
is thought to have been impactful, Geiger reports that in 1938 (at its peak), the foundation funded only 22 project
grants in the natural sciences, at a total of roughly $22 million (2024 dollars), and primarily at the most established
research universities of the time (see Geiger 1986, pp. 39, 165-166). By comparison, CMR contracted with nearly
70 universities (in addition to many rms)|and funded 20x as much R&D over the war.
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along some 70 lines" of research of public importance, using a then-windfall 81 million (5%
of CMR's future budget) authorized by Congress under the umbrella of social security legislation
(Science Service 1935)|funds which Congress ultimately never appropriated. NIH's press release
at the time described the speci ¢ research problems which it intended to prioritize, where research
had allegedly been on hold due to a lack of funds, including conditions as varied as cancer, heart
disease, leprosy, and Rocky Mountain spotted fever (Minneapolis Journal 1935)|diseases for which
there was ostensibly either scienti ¢ and technological opportunity or high need (or both). These
problems bore extremely little overlap with CMR's research priorities a few years later. Systematic
comparisons reinforce this view: when we map diseases in the 1935 NIH priority list to MeSH terms
and evaluate their overlap with the disease areas CMR supported, we nd that they are orthogonal,
if not modestly negatively correlated, with CMR. From this evidence we infer that CMR priorities
were distinct from those which were considered important civilian medical problems of that era and

in turn were pre-war priorities for federal government investment.

The discussion thus far has emphasized CMR's independence of trends, opportunity, and civilian
need. Attributing e ects we nd to CMR alone could still be challenging for three additional
reasons. First, the CMR shock (a supply shock) coincided with war-driven demand for specic
types of innovation, which could produce similar e ects (e.g., Clemens and Rogers 2023 show that
prior U.S. wars attracted private R&D in prosthetic devices). Second, civilian demand may have
concurrently attracted private investments in the same science and technology CMR supported.
Third, NIH's postwar expansion, as an outgrowth from CMR itself, may have correlated (in research

space) with CMR's portfolio and in uenced the same outcomes'8

We perform formal tests of the rst possibility, evaluating research trajectories in World War I,
which presented a similar military demand shock without comparable directed funding for military
medical research, and do not nd comparable e ects. Civilian demand is also unlikely to explain
our results, especially for academic science|where there is no salable product, and no price signal
through which demand would pull research|but also for pharmaceutical innovation, where civilian
demand for infectious disease treatments like antibiotics was already high and to our knowledge did
not change in the 1940s° The previous evidence from the NIH \70 lines" placebo further suggests
against demand-driven confounds. To account for the third possibility, we control for postwar NIH

funding in a subset of our analysis and nd our results unchanged.

18 Another possibility is that the 1950s Korean War extended the CMR shock. Though we lack comparable measures
of 1950s military medical research investments, these were almost certainly lower and far narrower in scope than
in World War 11, due to the Korean War being a smaller, single-front war and to the successes in World War I, in
which the military's infectious disease problem was largely resolved (see Appendix C.1).

¥ Though U.S. medical insurance began to di use in the 1940s (Alsan and Neberai 2026), prescription drug coverage
was e ectively non-existent and did not become widespread until many decades later.
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The collective evidence is thus at least suggestive that our estimates of CMR's e ects can be
interpreted causally, though it is not dispositive: as in any non-randomized setting, we cannot fully
rule out unobserved di erences in scienti ¢ opportunity, other concurrent factors correlated with
CMR's research priorities, or contemporaneous determinants of the same outcomes. However, the
breadth of changes we nd is informative: though confounds could threaten identi cation on one

margin, in our view, few besides CMR would operate on them all.

4 Growth of Biomedical Science

Our analysis of CMR's e ects begins by examining postwar science. As Section 1 discussed, wartime
medical research had several thrusts, including research e orts in antibiotics, antimalarials, syn-
thetic hormones, and vaccines; new technigues and understanding for blood, blood preservation,
and blood substitutes; physiological challenges the war presented (like human performance at high
altitudes or in extreme temperatures); and more. Appendix Figure B.1 illustrates raw publication
patterns in several related subjects from the pre- to postwar period. Consistent with Stewart (1948,
p. 102)'s observation that \some subjects are born of war,” we nd that many of these research
areas had little pre-war publication activity but took o after the war ended (e.g., Anti-bacterial
Agents, Steroids, and Blood Proteins). Other subjects had some pre-war research activity but grew
signi cantly after the CMR shock (e.g., Oxygen), and yet others temporarily spiked during the war
but did not sustain afterwards (e.g., Antimalarials ). Relative to the overall scale of biomedical sci-
ence, however, CMR itself was small, supporting 2,500 publications out of nearly 400,000 global
publications in our data in the 1940s (200,000 at U.S. publishers).

Not shown in Appendix Figure B.1 are the thousands of other subjects outside of CMR's scope. In
this section, we systematically compare publications over time in subjects with and without CMR
investment, estimating Equation (1) at the MeSH term x year level. The focal parameter ( ; in Eq.
1) represents annual di erences between CMR-supported subjects versus others, which in gures
will be estimated relative to 1940 (the omitted category); tables will present parameters in 5-year

intervals (for parsimony), estimated relative to the 1930-1935 period.

Our main dependent variable will measure the inverse hyperbolic sine (IHS) oMTI score-weighted
publications in a given MeSH term, which due to the MTI weights is continuous rather than discrete.
In robustness tests we estimate log outcomes and count models, which return directionally similar

results2® Although author a liations and locations are not consistently available for our period, to

2\We present IHS-based results in the paper in part for their exibility and ease of interpretation, and in part because
count model estimators (like Poisson pseudo maximum likelihood) can be sensitive to large-valued units (i.e., large
subjects), where the variation is closer to continuous than discrete|variation which is common in our data. Results
are also quantitatively similar when estimated for unweighted publication counts.

16



try to isolate the analysis to U.S. science speci cally, we limit our measurement to articles in U.S.
journals.?! Additional analysis evaluates the number of unique authors publishing in a given MeSH
term (using MAG identi ers) and the number of new combinations created with other MeSH terms,
as a measure of recombinant science. Whereas publications re ect the level of research activity in

a subject, new combinations measure an expansion in its scope.
4.1 Baseline e ects

Figure 3 presents our initial results, displaying the ; estimates from Equation (1) for publica-
tion output, with 95% con dence intervals. Panel (A) estimates e ects across established subjects
(above-median pre-war publications), nding that CMR-supported subjects in this set were growing
di erentially before the war and continued growing during it, peaking in the 1950s before contract-
ing. Panel (B) reproduces this analysis for embryonic subjects (below-median pre-war publications),
which were stagnant prior to the war, grew quickly during it, and remained high thereafter: by
1950, annual publications in CMR-supported subjects had grown roughly 65% more than in others

relative to 1940, and these e ects largely sustain through 1970.
[Figure 3 about here]

The nding we especially wish to emphasize is that postwar changes were largest for embryonic
subjects, and the absence of pre-trends is particularly suggestive of causal e ects. Appendices B.2
to B.6 provide additional checks on this result. Appendix B.2 re-estimates Equation (1) for log
publications and counts; results for log publications are nearly identical to those for IHS publications
(with slightly wider con dence bands, but remaining signi cant at conventional levels), and more
accentuated for count models, which show a larger 1940s spike and greater post-1960 attenuation
but are otherwise qualitatively similar. In Appendix B.3, we estimate a variant of Equation (1)
using intensive treatment measures and nd that e ects concentrate in the most heavily-funded
subjects. In Appendix B.4 we re-estimate Equation (1) against a propensity-matched control group,
which conditions the comparisons to similar subjects on the basis of their MeSH tree branch, their
number of pre-1940 publications, and their pre-1940 growth trends, and we continue to nd similar
patterns. Appendix B.5 controls for whether a given subject was funded by the postwar NIH

(between 1948 and 1970), where we nd these results unchanged.

Finally, in Appendix B.6 we probe the possibility that the \CMR shock” may represent a more

general war shock. Though absent a research funder, there is no price signal for public science that

21 Although publication country is an imperfect proxy for author location, in the period we study, U.S. biomedical
research authors typically published in U.S. journals, and foreign-authored biomedical research publications in U.S.
journals were uncommon. See Appendix A for evidence and further discussion.
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would attract new scienti ¢ investments directly, war might nevertheless have a demand-pull e ect

if it brings scienti ¢ attention and activity to new subjects (even without CMR-style funding or
coordination). As a placebo test, we collected analogous data around World War | (WWI), including
digitizing contemporary lists of WWI medical problems, and estimate Equation (1) around WWI

in relation to these subjects. We nd little evidence of a generic e ect of war on science. Finally,
in additional tests we reproduce our analysis on a sample 12-digit MeSH codes (rather than MeSH
terms), with quantitatively and statistically similar results. MeSH code-based results also remain
similar when we cluster standard errors at higher levels of the MeSH tree to account for potential

interdependence in error structures across related subjects.
4.2 Expansion of the eld

A corollary question to the results in Figure 3 is to what degree this increased scienti ¢ output is
attributable to entry versus enhanced productivity. We explore these questions in Table 3. As a
reference point, Column (1) of the table reproduces Figure 3's result with these periodic parame-
ters. In Column (2), we evaluate di erences in the number of unique authors who published in a
given subject and year (conditional on 1 publication in the subject-year). The results indicate
substantial postwar entry into CMR-treated subjects. Columns (3) to (5) probe this result fur-
ther, evaluating to what degree publication growth is driven by old or new authors: Column (3)
examines the growth of publications which had only prewar authors (de ned as authors with at
least one prewar publication); Column (4), publications with any prewar author; and Column (5),
publications with any postwar author.?? The evidence indicates that the growth seen in Figure 3
(and Column 1) is heavily driven by an expansion of the eld, in the form of new authors, and

publications with at least one author who entered post-1940.

[Table 3 about here]

Column (6) of the table provides one further perspective on this growth, re-estimating Equation (1)
for introduction of new MeSH combinations, de ned as MeSH term pairs observed for the rst time

in our data in a given year. This outcome does not mechanically rise as publications do, as research
will often study the same subjects (or bundles of subjects) as prior literature. It instead captures
the tendency for researchers to expand the scope of inquiry around a given subject. Column (6)
indicates that during and for the rst decade after the war, research in CMR subjects di erentially

expanded in new combinatoric directions?® That di erences are generally statistically insigni cant

22|n doing so we extend the omitted category to 1940, as there is no pre-war variation in the condition.
2 pAppendix C.2 provides speci ¢ examples of this type of expansion, from narrative historical accounts.
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in later years can be read as evidence of a short-lived increase in the rate of introduction of new
combinations, but not a short-lived increase in the stock, as previously-introduced combinations

are by this time established and by de nition no longer new.

5 The Postwar Pharmaceutical Industry

Given the relatively primitive condition of the pre-war pharmaceutical industry, the possibility that

the war would have any e ect on pharmaceutical innovation|let alone that CMR's e orts might
succeed during the war itselflis far from straightforward. 2 Despite this, the rst two postwar
decades produced an immediate and sustained take-o in U.S. pharmaceutical innovation, in what
is now seen as a \golden age" of drug discovery. Postwar progress was powered by growing use
of synthetic chemistry, rational drug design, and systematic drug screens, and by the 1960s the
U.S. pharmaceutical industry already looked much more similar to its current state than its pre-
war condition. Several scholars have attributed these changes to wartime research in historical
analysis: Landau et al. (1999, p. 63), for example, claims that \To a great extent the U.S. gov-
ernment's wartime policies led to the emergence of the American pharmaceutical industry as the
undisputed worldwide leader,"” observing that \the federal war e ort encouraged corporate research
and development, widened and deepened the companies' cooperation with academic institutions,

and catalyzed the di usion of new technologies across the industry.2®

Perhaps no single rm exempli es these changes better than P zer. Founded in 1849 by two German
emigres, P zer was for most of its rst 100 years a ne chemical manufacturer and commodity
chemical supplier whose keystone product by the 1930s was citric acid, which it produced at scale
through fermentation. Despite its lack of experience in drug development, P zer was brought
into the wartime penicillin project for its expertise in fermentation, which was needed to produce
natural penicillin from the Penicillium notatum mold at scale. Its success led it to become the U.S.
Army's biggest penicillin supplier, and after the war ended, P zer pivoted around this experience
and new R&D capability and entered the pharmaceutical industry, focusing rst on developing a
wider range of antibiotics and later expanding its R&D portfolio to other drug categories. As it
did so, it grew increasingly scienti cally oriented, employing a large sta of biologists, mycologists,
and later organic chemists and developing consulting relationships with leading academic scientists,

and soon became a leading drug developer (Daemmrich 2009).

24The U.S. pharmaceutical industry in the early 20th century was primitive and disorganized by modern standards:
most drug manufacturers were chemical companies with incidental or subsidiary pharmaceutical businesses, and
drug discovery was driven more by serendipity or trial-and-error empiricism than by science. Perhaps as a result,
as Figure 1 shows, annual drug-related patenting grew only meagerly pre-1940.

% Also see, e.g., Temin (1979), Cockburn et al. (1999), and Pisano (2002).
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To make systematic comparisons in relation to CMR, we harness the de Haen (1976) list of new
drugs introduced between 1940 and 1975, which we manually link to 12-digit MeSH codes under
the therapeutic useor physiological e ects sub-branches of thepharmacologic action branch of the
MeSH tree, and then through these links we retrieve associated MeSH terms. We use this crosswalk
to produce a count of annual new drugs associated with individual MeSH terms. Our analysis will
examine changes in the rate of aggregate drug development across MeSH terms, comparing those
which were a target of CMR-funded research vs. others. We then extend this analysis to the rm
level, comparing the rate of new drug introductions by pharmaceutical rms (de ned as rms in the

De Haen sample) which were CMR contractors against those that were not. Here we will expand
our treated set to include rms which were engaged in penicillin production under contract with

WPB, most (but not all) of which were CMR contractors as well.

We continue using the same speci cation as in our analysis of CMR's e ects on science, estimating
time-varying di erences across subjects or rms with vs. without CMR support (Equation 1).
Table 4 presents the results, estimating ve-year (rather than annual) parameters, following the
format of Table 3. Our estimation sample in this case runs from 1940 (when the De Haen drug
statistics begin) to 1970, with 1940-1945 the omitted category.

[Table 4 about here]

We rst report estimates from our term-level analysis in Panel (A), where the unit of observation

is a term-year. We estimate the impact of CMR on (i) the likelihood of any new drug introductions
related to a given MeSH term in a given year, (ii) the number of new drugs, and (iii) the IHS number
of new drugs. Even-numbered columns exclude anti-infectives, as a test of whether antibiotic drugs
were responsible for any overall e ects. We do not nd an e ect of CMR on the extensive margin
(Columns 1 and 2), in part because many of the areas CMR emphasized already had relatively
high propensity to produce at least one related drug per year in the aggregate. However, we nd
large e ects on the intensive margin (Columns 3 to 6), with CMR-supported areas producing on
average 1-2 more new drugs per year in the 1950s than others, and with similar-magnitude e ects

when the sample excludes anti-infective drug categorie€®

Table 4, Panel (B) reproduces this analysis at the rm level, with similar (if not stronger) patterns.

Relative to other drug-producing rms, CMR contractors produced a di erentially-large surge of

% These di erences are visible in the raw data (e.g., in binned scatterplots). We estimate count outcomes (Columns
3 and 4) by OLS in part to simplify interpretation of average cross-subject di erences in drug counts, and in part
because count models (including Poisson models) su er from an incidental parameters problem with two-way xed
e ects, due to the limited number of subjects in the sample: Table 4(A) includes 46 MeSH terms, only 25 of which
have at least one associated drug in our data and would thus enter a PPML estimation sample.
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new drugs over the next two decades. At its peak, these rms were an extra 25 p.p. more likely to
introduce at least one new drug per year than other rms, and on average introduced one more new
drug per year|in both cases doubling or tripling mean rates. As with total drug innovation (Panel

A), these di erences are largest during the pharmaceutical industry's golden age in the 1950s and

early 1960s, and cannot be attributed solely to antibiotics?’
Product and process innovation in biologic drugs

Beyond developing new drugs, the war e ort also supported R&D in new ways of producing them|
especially natural drugs and vaccines manufactured through industrial-scale fermentation. Several
historians have argued that the capabilities developed around wartime penicillin helped establish
microbial screening and fermentation as a sustained platform (e.g., Bud 2007, Daemmrich 2009).
To evaluate changes in drug development itself, we shift our analysis to drug-related patents, fo-
cusing on patents led between 1930 and 1970 by rms in the De Haen sample (see Section 2).
We patrticularly direct our attention to fermentation process patents, identi ed as patents in CPC
subclass C12P (\Fermentation or enzyme-using processes to synthesize a desired chemical com-
pound”), and patents related to biologically-produced drugs, identi ed using CPC subgroup Y10S
435/82 and its subsidiaries (\Microorganisms", which encompasses bacterial and fungal cultures
from which these drugs are produced). We estimate a similar regression to that in Table 3, eval-
uating di erential growth over time in fermentation patenting and biologically-manufactured drug

patenting by CMR/WPB contractors versus other rms.
[Table 5 about here]

The table estimates three variants of each outcome at the rm-year level, measuring an indicator for
(i) any patent (Columns 1 and 2), (ii) the number of patents (Columns 3 and 4), and (iii) IHS patents
(Columns 5 and 6), in all cases estimated by OLS to evaluate average di erences between CMR
rms and others. Results for fermentation process patenting are provided in the odd-numbered
columns, and for biological drug patents in the even numbered columns. The evidence indicates
that in the 1950s and 1960s, rms which participated in the war e ort disproportionately increased
biological and fermentation-related drug patenting, increasing their annual lings in these classes
by around 1-2 patents per year more than non-CMR rms (Columns 3 and 4)|a roughly 80-100%

di erence (Columns 5 and 6)|with no di erential pretrends.

2’That the magnitudes of the e ects in Panel (A) are larger than those of Panel (B) on the intensive margin (# of
new drugs), and smaller on the extensive margin (1(Any new drugs)), re ects the di erent level of aggregation,
where MeSH terms are generally more aggregated than rms are, and therefore likely to produce larger magnitudes
on the intensive margin and exhibit lower variation on the extensive margin.
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6 The Scienti c Roots of Accelerated Progress

6.1 The high-tech economy: Growth of science-based innovation

A di erent, distinguishing feature of CMR-led drug development was its use of science. Penicillin
production, for example, used science in identifying productive mold strains and their optimal grow-
ing conditions, and linked science with both engineering and manufacturing in designing and run-
ning industrial-scale fermentation systems. The e ort to synthesize and test thousands of potential
antimalarial drugs was shaped by basic understanding (and fundamental studies) of Plasmodium
parasites and quinoline biochemistry, in an early application of rational drug design, which was

pursued in tandem with conventional empirical trial-and-error.

Whether this pattern continued after the war is a testable, empirical question. The De Haen list
of new drugs does not provide information on the underlying discovery process and its connections
to science. We instead return to drug-related patents by rms in the De Haen sample, assessing
their use of science via in-text citations to scienti ¢ literature. ?® Figure 4(A) suggests that very
little pre-war drug innovation was linked to science, but World War Il marked a structural change

in the industry's use of science, which subsequently grew rapidly.
[Figure 4 about here]

These patterns are consistent with known changes in R&D practices, such as the growing application
of rational drug design anchored in physical, chemical, and biological understanding. Our question
is to what degree these changes could be causally connected to the CMR e ort in World War II.
To evaluate this question we disaggregate the sample into CMR/WPB contractors vs. other rms
and compare across them. Figure 4, Panel (B) shows the average, annual likelihood of ling any
non-science versus science-citing drug patents|an indicator that a rm is engaged in science-based
drug development|in ve-year bins, rst for non-CMR rms (left half) and then for CMR rms

(right half). The raw data suggest these changes were driven by CMR/WPB rms. We formalize

these comparisons in Panel (C), which estimates a triple-di erence regression, comparing (i) science

2\|In-text" citations are references which appear in the patent disclosure. Bryan et al. (2020) argue that in-text
citations may be a better measure of an invention's knowledge inputs than \front-page" citations to non-patent
literature (NPL), whose legal purpose is identifying prior art against which claims are evaluated. More pragmat-
ically, NPL citations only began to be included in patents beginning in February 1947, which coincides with the
end of the war. In-text citations, on the other hand, date to the establishment of the modern Patent O ce in 1836
and can thus be observed both before and after World War Il. However, classifying citations as in-text or NPL is
di cult for historical patents, where citations have to be extracted from unstructured, digitized text (in contrast to
modern patents with structured les), and on manual review we have noticed several miscategorized examples. We
therefore re ne the Marx-Fuegi PCS data for use in this paper by removing likely false-positive in-text citations,
which we identify by their location in the patent. See Appendix A for details.

22



vS. non-science based patenting by (i) CMR/WPB-contracted rms vs. other rms (iii) before vs.

after the war. The estimating equation takes the following form:

X
Yist = t 1(CMR/WPB rm) ; 1(Science-based) Year;+ s+ it + s+ "ist (2
161940

wherei, s, and t index rms, science- vs. non-science based innovation, and years, and the sample
runs from 1930 to 1970, with standard errors clustered by rm. The unit of analysis is a rm-
year-invention type, and the outcome (Y;s;) measures patenting by rm i in year t that is or is
not based in science § 2 f 0;1g). Because patenting was a low frequency event (the rms in our
sample have an average of 1.3 drug-related patents per year, and 0.3 science-citing drug patents),
our preferred speci cation evaluates whether a rm had any science-based patents in a given year;
in Appendix B.7 we also examine patent intensity. In short, Figure 4(C) shows CMR/WPB rms
were signi cantly more likely to generate science-based inventions after World War |1, relative to

non-science based invention, with no di erential pre-war trends.

A striking di erence between this result and those seen in Table 4 is how long they persist: whereas
di erences in new drug introductions in CMR-supported areas dissipated by the late 1960s (Table
4), di erences in the use of science and new production methods persisted (Table 5 and Figure 4).
This evidence is consistent with a structural, long-run change in the U.S. pharmaceutical industry
with respect to how drugs were discovered, developed, and made, which continued even after the
antibiotic revolution (and broader \golden age" of drug discovery) subsided. It is partly through
these mechanisms that CMR may have had long-run aggregate impacts|through what Griliches
(1957, p. 502) termed \the invention of a method of inventing."

Broader changes on U.S. technological innovation

The e ects of CMR research may have extended beyond the pharmaceutical sector speci cally to
U.S. technological innovation more broadly. To evaluate this possibility, in Appendix B.9 we study
changes in U.S. patenting over time across technology areas (CPC subclasses) with di erential
exposure to CMR research, which we measure based on the (MTI-indexed) research subjects of
cited biomedical publications and their relation to CMR research. As constructed, CPCs whose
patents cite CMR-supported subjects as a higher share of all cited subjects are measured as more
CMR-exposed. For parsimonious comparisons, we divide the sample into above- and below-median

exposure CPCs and estimate di erential changes in patenting across them.

Appendix Table B.5 evaluates di erences in more vs. less exposed CPCs over time in total asso-

ciated patents by U.S. inventors, rm patents, and non- rm patents, rst across all CPCs in the
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sample, and then for those in the Chemistry (C) branch of the CPC classi cation. We nd evidence

of a long-run, dierential 20% increase in patenting in CPCs which were more exposed to CMR
research, speci cally driven by rm patenting. Within the Chemistry branch speci cally, we nd
much larger di erences, which begin to emerge during the war years, become statistically signi -
cant at conventional levels by the late 1940s, and continue growing through the 1960s. Though the
results should be interpreted cautiously, for reasons we discuss in the appendix, they are suggestive

of a broader imprint of CMR-funded science on U.S. innovation.
6.2 Changes in U.S. vs. global science and technology

Thus far, our analysis of the postwar pharmaceutical industry has evaluated the De Haen sample
globally|where roughly one third of listed drugs were developed by rms in non-U.S. countries.

However, CMR primarily engaged U.S. rms (or in select cases, U.S. subsidiaries of foreign rms),
raising the question of whether the postwar acceleration of drug development was a U.S. or global

phenomenon|i.e., whether gains spilled over to other countries.

We probe global spillovers in Appendix B.8. As a starting point, we expand our earlier analysis

of U.S. science (in Section 4) to evaluate changes in foreign science, using publisher countries as a
proxy for locations (based on contemporary publishing patterns in biomedicine; see Appendix A).
As in Section 4, we compare postwar changes in research output in CMR-supported versus other
subjects, focusing the analysis to embryonic research areas. Appendix Figure B.8 presents results
for ve countries with among the most postwar biomedical publications in our data: the U.S. (as a
reference point), Germany, Japan, the Netherlands, and Switzerland. We nd positive associations
with scienti ¢ output in all cases, with the largest and swiftest in U.S. science. Though the results
must be quali ed by the recognition that journal countries are not equivalent to author countries,

the results suggest that CMR's e ects on science spilled out broadly.

We then evaluate U.S. versus European drug innovation, where we nd sharply di erent patterns:
as Appendix Figure B.9 shows, the postwar surge in new drug discovery was speci ¢ to U.S. drug
companies (and among U.S. drug companies, to CMR/WPB rms). Similarly, the increase in patent
linkages to science was speci c to U.S. rms, and within these rms, to their patents developed in
the U.S., as Appendix Figure B.10 demonstrates|even as many of these rms had R&D in several
European countries. CMR's links to innovation thus appear to have been a distinctly American
phenomenon, and the 1940s marked the beginning of a pulling away of the U.S. pharmaceutical

industry from its global competition|even as science globalized.

We view this evidence as having rst-order relevance to understanding the domestic returns to

public R&D. A substantial literature has argued that science ows relatively freely across borders,
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but whether technological capabilities and science-based technologies are as mobile is not a resolved
guestion. On the one hand, research has shown that technological innovation can di use through
information channels, including through patent documents themselves (e.g., Furman et al. 2021);
on the other, substantial research has argued that imitating or implementing innovation developed
elsewhere may require substantial complementary assets (such as tacit knowledge) that are harder
to acquire or reproduce (e.g., Teece 1986)|and which in the case of CMR/WPB rms appears

to have been developed in the course of their wartime work. CMR's integrated R&D model, in
this case, may have helped create a platform o of which biomedical science and technology could

co-develop and be put into postwar practice by U.S. rms.
6.3 Advances in clinical health care knowledge

The most signi cant potential impact of wartime research was improving human health. Appendix
C.1 provides suggestive evidence of its short-run e ects on military morbidity and mortality, with
hospitalizations and deaths from many common infectious diseases declining to near zero. This

progress held large potential for postwar civilian health as well.

A crucial intermediate step for the adoption of new knowledge, techniques, and therapies in health
care is getting frontier research ndings to medical professionals (Phelps 1992, 2000). Historically,
medical textbooks were used in both training and clinical practice (Greene 2007, Catillon 2017,
Tomes 2021), especially before the academic publishing industry began to grow in the late 1960s
and practitioner journals became more widely available. We therefore use historical textbook series
to study the di usion of CMR research into practice. As we described in Section 2, we digitized
two textbook series that were published both before and after World War |lI: the Cecil Textbook
of Medicine (CT) and the Merck Manual of Diagnosis and Therapy(MM). We obtained copies of
each edition with an index between 1930 and ca. 1960 (comprising nine editions of CT spanning
1930-1959, and four editions of MM spanning 1940-1961), digitized each index, and mapped index
entries to MeSH using MTI. For each MeSH term, we use a binary indicator to assess coverage in
each edition. Merging these data with MeSH term-level measures of the CMR shock, we use the
speci cation in Equation (1) to estimate the di erential growth of CMR-funded subjects' coverage

in medical textbooks and manuals before versus after the war.

Figure 5 presents results for CT (Panel A), where our earliest edition is in 1930, and for MM
(Panel B), where our earliest edition is in 1940. We nd that textbook coverage of CMR-funded
subjects grew signi cantly in the postwar period, despite no di erential pre-war growth (in the CT
panel, where pre-trends can be estimated), though it also took several years for these changes to

materialize. Although these subjects were slow to expand in the late 1940s, by the early 1950s
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their coverage had grown 20-30 percentage points (p.p.) more than other subjects in CT and 10-20
p.p. more in MM. To our knowledge, this is the rst empirical evidence of publicly-funded medical
research entering the knowledge base of medical practice|o ering a lens into how information
about frontier research historically di used to practitioners and the delayed horizons over which
it reaches practitioners. In the context of this paper, it also illustrates a pathway beyond the
discovery of new drugs through which CMR research may have a ected public health (via di usion

into clinical knowledge) and in turn population-level outcomes.

[Figure 5 about here]

7 Discussion

7.1 CMR and the returns to public R&D

Our analysis thus far has focused on evaluating CMR's relationship to postwar science and technol-
ogy. However, its relatively modest scale (by modern standards) makes the breadth and persistence
of these e ects potentially surprising: CMR spent roughly $400 million in 2024 dollars|less than
one percent of one year of the modern NIH budget|and directly produced only around 2,500
scienti ¢ publications and a handful of patents, yet it appears to have left a durable imprint on
biomedical science, drug innovation, and clinical practice. A natural next question is how such
large and lasting e ects could arise from a nominally temporary intervention, and whether CMR's

impacts could accumulate to aggregate economic consequences.

The question is motivated in part by a developing macroeconomic literature on the returns to public
R&D. Using aggregate time-series, narrative-identi cation, and rm-level panel designs, this work
increasingly nds that public R&D has large and persistent aggregate e ects which are realized over
long horizons. Antolin-Diaz and Surico (2025) show that government spending|especially military
spending|raises long-run output because it shifts the composition of public spending toward R&D,
which stimulates private innovation and investment and generates long-run productivity gains.
Fieldhouse and Mertens (2026a) estimate returns to nondefense government R&D of roughly 140 to
210 percent over the postwar period, attributing on the order of one- fth of postwar growth in U.S.
business-sector productivity to government-funded researcR? Most closely related to our setting,
Gazzani et al. (2026) nd that government-funded innovation accounts for a disproportionate share
of medium-run movements in U.S. aggregate productivity and output, with particularly strong

e ects for NIH-funded research. Together, this work provides systematic evidence of the returns to

2 Dyevre (2024) similarly estimates spillovers of public R&D to rm productivity that are 2-3x larger than those of
private R&D (see also Fieldhouse and Mertens 2026b on the social returns to public R&D).
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public research, extending beyond case studies of prominent R&D programs (e.g., Mazzucato 2018,

2021), whose retelling is sometimes selected on the outcome.

Because our research design identi es e ects in relative terms (comparing supported subjects, rms,
and technologies to others), we cannot recover CMR's aggregate e ects directly. However, the
evidence highlights mechanisms through which R&D policy could have aggregate economic e ects,
which other research typically has di culty isolating. In this sense, the paper is a step toward
connecting micro- and macroeconomic studies of innovation policy: potential channels for aggregate
impacts include the observable structural changes documented above, such as the expansion of
science, new rm capabilities and science-based methods of drug discovery, and the extramural
apparatus that NIH inherited. Appendix C.2 provides speci ¢ examples of new inputs, capabilities,
and institutional relationships. Together, they show that in addition to research, CMR cultivated

a mix of complementary assets and connections across universities, industry, and practice, around

which a more integrated biomedical innovation system could grow.

For a program of CMR's modest scale to generate macroeconomically meaningful e ects, some
combination of breadth, persistence, and ampli cation through complementary investments would
plausibly be required, especially in an immature innovation system like the U.S. in 1940. A narrow
shock that quickly decays would leave few lasting traces, whereas one that creates or recon gures
complementary inputs and institutions is not only more durable, but could in principle also initi-
ate a self-reinforcing process of growth, as in \big push” theories of economic development (e.g.,
Rosenstein-Rodan 1943, Murphy et al. 1989). Applied to an innovation system (Nelson and Rosen-
berg 1993), this logic o ers one view of how the CMR program could generate e ects large and

persistent enough to in uence aggregate economic outcomes.

A nal connection concerns the form (rather than scale) of public support. The macroeconomic
literature increasingly nds that returns to public R&D vary with its type and source: Gazzani et al.
(2026) and Fieldhouse and Mertens (2026a) together suggest that extramural, research-oriented
public investment carries especially high returns, arguably because research is more general-purpose
than development and spills over more widely. That CMR undertook substantial research, some of

it basic, may be one reason its e ects were broad|but its portfolio also extended downstream, into
development, clinical testing, production, and implementation, in a way that does not t neatly
within categories this literature emphasizes. CMR's combination of research support with funder-
de ned priorities, active management, and coordinated investment in complementary activities|
rather than funding investigator-initiated research alone|connects it to long-running questions of

how public R&D should be organized, which we examine next.
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7.2 CMR and ongoing debates in biomedical research policy

Beyond its contributions to academic research, our evidence also speaks to debates in biomedical
research policy which have reverberated since 1945|including whether public R&D should target
speci c societal problems; how active a role public funders should play in coordinating and managing
the research they fund; and whether public funders should also direct resources to complementary
investments in engineering, testing, di usion, and implementation. CMR provides a sharp contrast

to modern NIH extramural funding on all three of these questions.

Recall from Section 1 that the U.S. Public Health Service (PHS) absorbed remaining CMR con-
tracts at the end of the war, whose excess funds formed the basis of a newly-created NIH extra-
mural research program. While many aspects of the postwar NIH program were adapted from
CMRYJincluding its peer review structure, indirect cost funding, and patent policylits rst di-
rector (Cassius Van Slyke) explicitly rejected the top-down managed wartime research model. In
introducing this program to the public in 1946, Van Slyke echoed arguments from Vannevar Bush's
recent report Science, The Endless Frontier characterizing such an approach as ill-suited to peace-
time, instead emphasizing researcher \freedom from control, direction, regimentation, and outside
interference" and that it would be a program \of scientists and by scientists" (Van Slyke 1946, p.
559). Van Slyke argued that scienti c freedom itself was instrumentally important, allowing scien-
tists the freedom to explore potentially productive \bypaths" in research that were ignored during
the war, thus \restocking and enlarging" the stock of basic science. Applied research and di usion,
in contrast, would be left to industry. These arguments were particularly important when speaking
to the scienti ¢ audience, given signi cant ambivalence among many scientists about government
funding at universities, re ecting fears that it could compromise the autonomy of universities and

scientists and lead to bureaucratization of science in peacetime.

In the decades since the war, the NIH extramural program has grown by orders of magnitude.
Although over time|and especially after Congressional investigations in the 1960s|NIH's original
emphasis on scienti ¢ freedom eroded, with the growth of bureaucracy and reporting requirements
(Sampat 2023), the NIH model continues to focus on \bottom up" investigator-initiated research
with little of the explicit top-down project selection and active project management that were core
elements of the CMR model (Hoyt 2006). Though nominally a mission agency, NIH (and its parent
Department of Health and Human Services) also does not link up the broader set of activities
seemingly essential to its health mission (research, development, testing, production, di usion into

practice, procurement) as CMR's integrated research model did.

This approach has come under scrutiny and at times led to arguments that the U.S. biomedical
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innovation system needs more CMR-like capacity, including during debates surrounding the War on
Cancer in the 1970s (when disease advocates raised concerns the agency was more focused on basic
research than curing cancer, and called for more active management and directed research), the
Arti cial Heart Program, and amid recurring concerns about NIH priority setting (Sampat 2012).

Most recently, calls for a DARPA-like agency for health (Cook-Deegan 1996) culminated in the
2022 creation of ARPA-H. The successes of Operation Warp Speed, another top-down, managed
program, in vaccine development during the Covid-19 pandemic have prompted calls for a Warp
Speed for other biomedical research problems (D'Souza et al. 2024). In the past year, there have
been calls for \Focused Research Organizations" in the U.S. (and elsewhere), organized around

speci ¢ scienti ¢ or technical problems (Watney 2025; OSTP 2026).

Generalizing from history to present is notoriously di cult. As Van Slyke, Bush, and their con-
temporaries emphasized, the wartime e ort was in ways special, given the presence of pre-war
scienti ¢ and technological opportunities in some of the key technologies (most notably around
natural penicillin), clear goals, and the urgency created by a crisis® The large e ects we see from
CMR|on science, drug development, and medical practice|are also measured against a baseline of
essentially zero extramural research funding and limited pharmaceutical industry R&D, and may
not generalize to the current biomedical innovation system. As our setting is observational, we
cannot dispositively show that CMR's e ects are causal, even as the collective evidence|including
contextual understanding, tests of specic potential confounds, and the breadth of the collective

postwar changes we observe is in our view consistent with a causal interpretation.

With those caveats in mind, what can we learn from CMR for modern R&D policy? In our view,
the evidence from CMR not only documents a range of historical returns from public R&D, but also
suggests that integrative R&D policy models can be particularly impactful through their potential to
create or stimulate new innovation ecosystems|an idea which dovetails with qualitative accounts of
modern R&D institutions like DARPA (Bonvillian et al. 2019). In addition, our evidence suggests
that there can be high returns to biomedical research policy beyond funding basic biomedical
research, in particular through ameliorating other market and coordination failures in the innovation
system. The integrated R&D model which CMR (and OSRD) operated is not necessarily superior
to modern, investigator-initiated research funding, but it may be particularly valuable when an
innovation problem requires complementary e ort by multiple actors, in which case coordination
and brokerage may be important for aligning investments to realize these complementarities. Rather
than prescriptive, we view CMR as an existence case which suggests that market failures may exist

in complex technology development problems, and coordinated R&D (and technology policy more

%0D'Souza et al. (2024) have made similar arguments about Operation Warp Speed.
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generally) can be useful for problems which require engaging science and technology, and a range

of R&D participants, jointly (also see Gross and Roche 2026).

8 Conclusion

The high returns to medical research for human health, coupled with market failures in R&D, have
led to biomedical research becoming a major focus of innovation policy in the U.S. and around the
world. In this paper, we study one of the largest shocks to biomedical research in history: World
War Il. Recognizing that disease and other ailments presented an even larger threat to America's
military than enemy forces, in the 1940s the U.S. government created the Committee on Medical
Research to fund and coordinate civilian R&D into military medical problems. The wartime e ort
was in e ect the United States' rst biomedical R&D policy, marking the U.S. government's rst

signi cant extramural funding for medical research and innovation.

The main contribution of this paper is a new understanding of the origins of the modern biomedical
innovation system, using historical data and modern empirical techniques. We show that CMR
is linked to the postwar expansion of biomedical science, a surge of postwar drug development,
longer-lasting structural changes in the pharmaceutical sector, and advances in clinical knowledge
in subjects CMR supported, as it also laid the groundwork for the postwar NIH. Collectively, these

are the institutions which drive progress in U.S. biomedicine today.

The evidence is suggestive of the broad e ects that public R&D can have on science, innovation,
and health, and in turn on the broader economy. Interpreted through the lens of existing theories of
industrial development and growth, we view the episode as an example of how an integrated, applied
public R&D program can recon gure a subset of a domestic innovation system and set in motion a
self-reinforcing process of investment growth. We conjecture this is one possible mechanism through
which large and persistent macroeconomic returns to public R&D may materialize (e.g., Fieldhouse
and Mertens 2026a, Gazzani et al. 2026). Although our data and variation do not support an
evaluation of CMR's impacts at the same (aggregate) level, we think the results suggestively point

to some of the structural changes through which they might arise.

Yet CMR was also distinctive, and its research portfolio does not neatly t into the basic/applied
dichotomy that typi es academic and policy understanding of the innovation process, as it spanned
sectors, disciplines, and categories of R&D, and included investments in production and implemen-
tation. The evidence of broad, systemic e ects may in turn be a result of its integrative approach,
which distinguishes it from most research policy today|biomedical or otherwise|and may have

made it possible for some hard but high-value innovation to succee@!

311t is telling that despite the large, latent civilian demand for antibiotics, it took a war to turn Fleming's discovery
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Though distinctive in its speci ¢ form and context, CMR is but one example of an integrated re-
search e ort, and history o ers others; we anticipate that in the coming years, an analysis similar

to ours on the post-crisis impacts of Operation Warp Speed or the broader Covid-19 pandemic re-
sponse may be possible as well. As we discuss in Section 7, our evidence does not dispositively prove
that similar models would have similar e ects today, nor that they should replace the investigator-
initiated model. In our view, the results nevertheless put a thumb on the scale for experimentation
with other approaches to biomedical research policy (Azoulay 2012, Myers 2023), including more
targeted and actively-managed policies, particularly in contexts where the relevant market failures

extend beyond underinvestment in basic science (Ouellette 2023).

References

Agarwal, Rajshree, Seojin Kim, and Mahka Moeen. 2021. \Leveraging private enterprise: Incubation of new
industries to address the public sector's mission-oriented grand challengesStrategy Science6(4):385-411.

Alsan, Marcella and Yousra Neberai. 2026. \Why Doesn't the United States Have National Health Insurance?
The Political Role of the American Medical Association." The Quarterly Journal of Economics .

Andrus, Edwin C. 1948. Advances in military medicine. Boston: Little, Brown, and Company.

Antolin-Diaz, Juan and Paolo Surico. 2025. \The long-run e ects of government spending." American
Economic Review 115(7):2376-2413.

Azoulay, Pierre. 2012. \Turn the scienti c method on ourselves." Nature 484(7392):31-32.

Azoulay, Pierre, Erica Fuchs, Anna P. Goldstein, and Michael Kearney. 2019a. \Funding breakthrough
research: Promises and challenges of the "ARPA Model'.Innovation Policy and the Economy 19(1):69-
96.

Azoulay, Pierre, Joshua S. Gra Zivin, Danielle Li, and Bhaven N. Sampat. 2019b. \Public R&D investments
and private-sector patenting: Evidence from NIH funding rules." Review of Economic Studies86(1):117-
152.

Azoulay, Pierre, Daniel P. Gross, and Bhaven N. Sampat. 2025Indirect Cost Recovery in U.S. Innovation
Policy: History, Evidence, and Avenues for Reform NBER working paper no. 33627.

Balconi, Margherita, Stefano Brusoni, and Luigi Orsenigo. 2010. \In defence of the linear model: An essay.
Research Policy 39(1):1-13.

Baxter, James Phinney. 1946.Scientists against time Boston: Little, Brown and Company.

Bloom, Nicholas, John Van Reenen, and Heidi Williams. 2019. \A toolkit of policies to promote innovation."
Journal of Economic Perspectives33(3):163-84.

Bonvillian, William B, Richard Van Atta, and Patrick Windham. 2019. The DARPA model for transformative
technologies: Perspectives on the US defense advanced research projects age@yen Book Publishers.

Branscomb, Lewis M. 1992. \Does America need a technology policy?'Harvard Business Review70(2):24-
30.

Brooks, Harvey. 1994. \The relationship between science and technology.Research Policy 23(5):477-486.

Bryan, Kevin A, Yasin Ozcan, and Bhaven Sampat. 2020. \In-text patent citations: A user's guide." Research
Policy 49(4):103946.

Bud, Robert. 2007. Penicillin: Triumph and tragedy . Oxford: Oxford University Press.

Catillon, Maryaline. 2017. Medical knowledge synthesis: A brief overviewWorking paper.

Clemens, Je rey and Parker Rogers. 2023. \Demand shocks, procurement policies, and the nature of medical
innovation: Evidence from wartime prosthetic device patents." Review of Economics and Statisticspp.
1-45.

of penicillin into a mass-produced drug. Prior research attributes this breakthrough to a level of coordination and
knowledge transfer not ordinarily achieved in other contexts (Neushul 1993).

31



Cockburn, lain and Rebecca Henderson. 1996. \Public-private interaction in pharmaceutical research."
Proceedings of the National Academy of Science93(23):12725-12730.

Cockburn, lain, Rebecca Henderson, Luigi Orsenigo, and Gary Pisano. 1999. \Pharmaceuticals and biotech-
nology." In U.S. industry in 2000: Studies in competitive performance edited by David C. Mowery, pp.
363-398. Washington DC: National Academies Press.

Cook-Deegan, Robert Mullan. 1996. \Does NIH need a DARPA?"Issues in Science and Technolog{3(2):25-
28.

Creager, Angela N. H. 1999. \'What Blood Told Dr Cohn': World War Il, plasma fractionation, and the
growth of human blood research."Studies in History and Philosophy of Science Part C: Studies in History
and Philosophy of Biological and Biomedical Science80(3):377-405.

Cutler, David, Angus Deaton, and Adriana Lleras-Muney. 2006. \The determinants of mortality.” Journal
of Economic Perspectives20(3):97-120.

Cutler, David M. and Srikanth Kadiyala. 2003. \The return to biomedical research: treatment and behavioral
e ects." In Measuring the gains from medical research: An economic approagledited by Kevin M. Murphy
and Robert H. Topel. Chicago: University of Chicago Press.

Daemmrich, Arthur. 2009. \Synthesis by microbes or chemists? Pharmaceutical research and manufacturing
in the antibiotic era." History and Technology 25(3):237-256.

de Haen, Paul. 1976. \Compilation of New Drugs: 1940 thru 1975."Pharmacy Times March :40-74.

D'Souza, Arielle, Kendall Hoyt, Christopher M Snyder, and Alec Stapp. 2024. Can Operation Warp Speed
Serve as a Model for Accelerating Innovations Beyond Covid VaccinesNBER Working Paper No. 32831.

Dyevre, Arnaud. 2024. Public R&D spillovers and productivity growth. Working paper.

Fieldhouse, Andrew J. and Karel Mertens. 2026a. The returns to government R&D: Evidence from US
appropriations shocks Federal Reserve Bank of Dallas Working Paper 2305.

Fieldhouse, Andrew J and Karel Mertens. 2026b. \The social returns to public R&D." Entrepreneurship
and Innovation Policy and the Economy 5(1):9-39.

Foray, Dominique, David C Mowery, and Richard R Nelson. 2012. \Public R&D and social challenges: What
lessons from mission R&D programs?"Research Policy 41(10):1697-1702.

Fox, Daniel M. 1987. \The politics of the NIH extramural program, 1937-1950." Journal of the History of
Medicine and Allied Sciences42(4):447-466.

Furman, Je rey, Markus Nagler, and Martin Watzinger. 2021. \Disclosure and Subsequent Innovation:
Evidence from the Patent Depository Library Program." American Economic Journal: Economy Policy
13:239-270.

Gazzani, Andrea, Joseba Martinez, Filippo Natoli, and Paolo Surico. 2026 The Public Origins of American
Innovation. CEPR working paper no. 33447.

Geiger, Roger L. 1986. To advance knowledge: The growth of American research universities, 1900-1940
Oxford: Oxford University Press.

Godin, Benot. 2006. \The linear model of innovation: The historical construction of an analytical frame-
work." Science, Technology, & Human Values31(6):639-667.

Greene, Jeremy A. 2007. \Statins: The Abnormal and the Pathological|Cholesterol, Statins, and the
Threshold of Disease." InMedicating Modern America: Prescription Drugs in History , edited by Andrea
Tone and Elizabeth Siegel Watkins, pp. 181-228.

Griliches, Zvi. 1957. \Hybrid Corn: An Exploration in the Economics of Technological Change." Economet-
rica 25(4):501-522.

Gross, Daniel P. and Maria P. Roche. 2026Coordinated R&D Programs and the Creation of New Industries
Working paper.

Gross, Daniel P. and Bhaven N. Sampat. 2023a. \America, jump-started: World War 1l R&D and the takeo
of the US innovation system.” American Economic Review 113(12):3323-3356.

Gross, Daniel P. and Bhaven N. Sampat. 2023b. \The World War Il crisis innovation model: What was it,
and where does it apply?" Research Policy52(9):104845.

Hall, Bronwyn H, Adam B Jae, and Manuel Trajtenberg. 2001. The NBER patent citation data le:
Lessons, insights and methodological toolsNBER Working Paper No. 8498.

Hoyt, Kendall. 2006. \Vaccine innovation: Lessons from World War I." Journal of Public Health Policy
27(1):38-57.

32



Jacob, Brian A. and Lars Lefgren. 2011. \The impact of research grant funding on scienti ¢ productivity."
Journal of Public Economics 95(9-10):1168-1177.

Kattel, Rainer and Mariana Mazzucato. 2018. \Mission-oriented innovation policy and dynamic capabilities
in the public sector."

Keefer, Chester S. 1969. \Dr. Richards as Chairman of the Committee on Medical Research.’Annals of
Internal Medicine 71(8):61-70.

Kolev, Julian, Yuly Fuentes-Medel, and Fiona Murray. 2020. \Gender di erences in scienti c communication
and their impact on grant funding decisions." In AEA Papers and Proceedings volume 110, pp. 245-249.

Koning, Rembrand, Sampsa Samila, and John-Paul Ferguson. 2021. \Who do we invent for? Patents by
women focus more on women's health, but few women get to invent.'Science 372(6548):1345-1348.

Laitner, Melissa H, Audry M Huang, and Shannon Takala-Harrison. 2024. \The State of the U.S. Biomedical
and Health Research Enterprise: Strategies for Achieving a Healthier America." National Academies Press.

Landau, Ralph, Basil Achilladelis, and Alexander Scriabine. 1999.Pharmaceutical innovation: Revolution-
izing human health Philadelphia: Chemical Heritage Foundation.

Marx, Matt and Aaron Fuegi. 2020. \Reliance on science: Worldwide front-page patent citations to scienti ¢
articles." Strategic Management Journal41(9):1572-1594.

Marx, Matt and Aaron Fuegi. 2022. \Reliance on science by inventors: Hybrid extraction of in-text patent-
to-article citations." Journal of Economics & Management Strategy31(2):369-392.

Mazzucato, Mariana. 2018. \Mission-oriented innovation policies: Challenges and opportunities."Industrial
and Corporate Change27(5):803-815.

Mazzucato, Mariana. 2021.Mission economy: A moonshot guide to changing capitalismNew York: Harper
Business.

Minneapolis Journal. 1935.U.S. to War on Diseases. Published August 30.

Mork, James G, Antonio Jimeno-Yepes, and Alan R Aronson. 2013. \The NLM Medical Text Indexer System
for Indexing Biomedical Literature." In BioASQ@ CLEF.

Mowery, David C. 2009. \What does economic theory tell us about mission-oriented R&D?" In The new
economics of technology policyedited by Dominique Foray. Northampton: Edward Elgar.

Mowery, David C, Richard R Nelson, Bhaven N Sampat, and Arvids A Ziedonis. 2001. \The growth of
patenting and licensing by U.S. universities: An assessment of the e ects of the Bayh{Dole Act of 1980."
Research Policy 30(1):99-119.

Mowery, David C, Richard R Nelson, Bhaven N Sampat, and Arvids A Ziedonis. 2004. Ivory tower and
industrial innovation: University-industry technology transfer before and after the Bayh-Dole Act Palo
Alto: Stanford University Press.

Murphy, Kevin M, Andrei Shleifer, and Robert W Vishny. 1989. \Industrialization and the big push.”
Journal of Political Economy 97(5):1003-1026.

Murphy, Kevin M and Robert H Topel. 2003. \The economic value of medical research.” InMeasuring the
gains from medical research: An economic approachedited by Kevin M. Murphy and Robert H. Topel.
Chicago: University of Chicago Press.

Myers, Kyle. 2020. \The elasticity of science.”" American Economic Journal: Applied Economics 12(4):103-
134.

Myers, Kyle R. 2023. Experimentation at the NIH . Building a Better NIH Project whitepaper, available at
https://www.brookings.edu/collection/building-a-better-nih/.

Nelson, Richard R. 1997. \Why the Bush Report has hindered an e ective civilian technology policy." In
Science for the 21st century: The Bush Report revisited edited by Claude E Bar eld. Washington DC:
American Enterprise Institute.

Nelson, Richard R and Nathan Rosenberg. 1993. \Technical innovation and national systems." IrNational
Innovation Systems edited by Richard R Nelson, pp. 3{22. New York: Oxford University Press.

Neushul, Peter. 1993. \Science, government and the mass production of penicillin."Journal of the History
of Medicine and Allied Sciences48(4):371-395.

NLM. 2022. \NLM Medical Text Indexer (MTI)." https://Ihncbc.nim.nih.gov/ii/tools/MTI.html.

Nordhaus, William. 2003. \The health of nations: The contribution of improved health to living standards."
In Measuring the gains from medical research: An economic approaghedited by Kevin M. Murphy and
Robert H. Topel. Chicago: University of Chicago Press.

33



Ouellette, Lisa Larrimore. 2023. Commercialization of NIH-supported research Building a Better NIH
Project whitepaper, available at https://www.brookings.edu/collection/building-a-better-nih/.

Phelps, Charles E. 1992. \Di usion of information in medical care." Journal of Economic Perspectives
6(3):23-42.

Phelps, Charles E. 2000. \Information di usion and best practice adoption." In Handbook of health eco-
nomics, edited by Anthony J Culyer and Joseph P Newhouse, volume 1A, pp. 223-264.

Pisano, Gary. 2002. \Pharmaceutical biotechnology.” In Technological Innovation and Economic Perfor-
mance, edited by Benn Steil, David G Victor, and Richard R Nelson, pp. 347-365. Princeton: Princeton
University Press.

Rosenberg, Nathan. 1974. \Science, invention and economic growth.The Economic Journal 84(333):90-108.

Rosenberg, Nathan. 1982Inside the black box: Technology and economic€ambridge: cambridge University
Press.

Rosenberg, Nathan. 1991. \Critical issues in science policy researchScience and Public Policy18(6):335-
346.

Rosenstein-Rodan, Paul N. 1943. \Problems of Industrialisation of Eastern and South-Eastern Europe.”
The Economic Journal 53(210-211):202-211.

Rosenzweig, Robert M. 1998. \The politics of indirect costs."Council on Governmental RelationsAugust :1-
12.

Sampat, Bhaven N. 2012. \Mission-oriented biomedical research at the NIH."Research Policy41(10):1729-
1741.

Sampat, Bhaven N. 2020. \Whose drugs are these?'Issues in Science and Technolog6(4):42-48.

Sampat, Bhaven N. 2023. The history and political economy of NIH peer review Building a Better NIH
Project whitepaper, available at https://www.brookings.edu/collection/building-a-better-nih/.

Science Service. 193570 Lines of Research Planned by Federal Health ServiceRecords of the National
Institutes of Health (RG443), National Institute of Health 1930-1948, Records Relating to NIH Divisions
(\Divisions File"), Box 189, folder \Miscellaneous Matters - Social Security funds", accessed 2025.

Slater, Leo Barney. 2009.War and disease: Biomedical research on malaria in the twentieth century New
Brunswick: Rutgers University Press.

Stewart, Irvin. 1948. Organizing scienti ¢ research for war: The administrative history of the O ce of
Scienti ¢ Research and Development Boston: Little, Brown, and Company.

Swain, Donald C. 1962. \The rise of a research empire: NIH, 1930 to 1950.Science 138(3546):1233-1237.

Swann, John Patrick. 1983. \The search for synthetic penicillin during World War I1." The British Journal
for the History of Science 16(2):154-190.

Teece, David J. 1986. \Pro ting from technological innovation: Implications for integration, collaboration,
licensing and public policy." Research Policy 15(6):285-305.

Temin, Peter. 1979. \Technology, regulation, and market structure in the modern pharmaceutical industry."
The Bell Journal of Economics pp. 429-446.

Tomes, Nancy. 2021. \\Not Just for Doctors Anymore": How the Merck Manual Became a Consumer Health
\Bible"." Bulletin of the History of Medicine 95(1):1-23.

Toole, Andrew A. 2012. \The impact of public basic research on industrial innovation: Evidence from the
pharmaceutical industry." Research Policy41(1):1-12.

Urquiola, Miguel. 2020. Markets, minds, and money: Why America leads the world in university research
Cambridge: Harvard University Press.

U.S. Federal Trade Commission. 1980.Statistical Report on Mergers and Acquisitions Produced by the
Federal Trade Commission (FTC) Bureau of Economics.

Van Slyke, Cassius J. 1946. \New horizons in medical research.Science 104(2711):559-567.

Van Slyke, Cassius James. 1963. \Reminiscences of Cassius James Van Slyke: Oral History, 1963." Interview
by Harlan B. Phillips. Health Sciences Project, Columbia University Oral History Research O ce.

34



Figure 1: Biomedical research publications and USPTO drug patents, 1930-1970

Panel (A): Biomed. publications Panel (B): Drug patents

Notes: Left gure shows time series of total biomedical research publications in our core pub-
lication sample (Microsoft Academic Graph; see Appendix A). Sample consists of publications
in the natural sciences and health sciences (OECD eld codes 1 and 3) between 1930 and 1970.
Right gure shows time series of total lings of drug patents in U.S. patent data, de ned as
patents in NBER category 31 (\Drugs"; Hall et al. 2001), corresponding to USPC 424 and
514. Dashed vertical line marks the end of World War I1.

Figure 2: Top 10 MeSH terms by CMR division, as a fraction of division contracts

Notes: Figure lists the top 10 MeSH terms associated with CMR contracts in each of the six
primary CMR divisions, showing what share of divisional contracts each term associates with.
Individual contracts map to multiple MeSH terms.
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Figure 3: Postwar changes in research activity in CMR-supported subjects, 1930-1970

Panel (A): Established subjects Panel (B): Embryonic subjects

Notes: Figure shows annual estimates of the di erential growth of scienti ¢ publications in
MeSH terms with CMR funding, relative to others. Panels (A) and (B) divide the sample
into subjects with greater than and less than the median number of pre-1940 publications,
which we label \established" and \embryonic" subjects. Error bars represent 95% con dence
intervals, with SEs clustered at the MeSH term level.

Figure 4: Di erential growth in annual likelihood of ling science-citing vs. non-citing
drug patents, by CMR/WPB-contracted rms vs. others, 1930-1970

Panel (A): Science-citing share of drug patents

Panel (B): Di erences in the raw data Panel (C): Regression evidence

Notes: Panel (A) shows the science-citing share of drug patents led by rms in de Haen (1976). Drug patents de ned
as those associated with NBER category 31 (Hall et al. 2001), and science-citing patents as those which cite scienti c
literature in their text. Panel (B) shows the share of rm-years with at least one drug patent, in ve-year intervals,
separately reporting patent rates for CMR/WPB-contracted and other rms, and for their science-citing and non-
citing patents. Panel (C) estimates the triple-di erence, showing biannual estimates of the di erential growth in the
likelihood of ling science-citing versus non-citing patents at CMR/WPB-contracted rms versus others. Error bars
represent 95% con dence intervals, with SEs clustered by rm.
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Figure 5: Cecil Textbook and Merck Manual coverage of subjects with CMR funding

Panel (A): Cecil Textbook Panel (B): Merck Manual

Notes: Figure estimates di erences over time in whether the Cecil Textbook (Panel A)
and Merck Manual (Panel B) cover individual MeSH terms with CMR funding, relative

to others. The Cecil Textbook sample consists of consecutive editions from 1930 (2nd
ed., when an index is rst observed) to 1959 (nearest edition to 1960). The Merck
Manual sample consists of consecutive editions from 1940 to 1961 (on the same basis).
Results are estimated relative to the 1930 and 1940 editions, respectively. Error bars
represent 95% con dence intervals, with SEs clustered by MeSH term.

Table 1: Extramural research contracts, contractors, and modal research subjects by CMR division

Division
1) @ 3 4 (5) (6)
All Medicine Surgery Aviat. Med. Physiology Chemistry Malaria Miscellany
CMR contracts 571 130 101 68 120 36 78 38
Percent of total 100% 23% 18% 12% 21% 6% 14% 7%
Unigque contractors 128 55 39 31 56 20 49 27
Percent of total 100% 43% 31% 24% 44% 16% 38% 21%
Contract value (MMs) $21.3 $3.4 $2.2 $2.4 $3.7 $1.2 $4.8 $3.5
Percent of total 100% 16% 11% 12% 18% 6% 22% 17%
MeSH terms per contract 2.7 29 2.6 3.1 3.1 2.4 2.3 2.2
Modal MeSH term Penicillins  Syphilis  Burns Oxygen Shock DDT Antimalarials  Penicillins

Notes: Table provides summary statistics for CMR, overall and by division. The table lists the number of contracts,
contractors, and total contract value by division, and provides the modal MeSH term from contracts in each division,
weighted by value. The overall modal subject across all of CMR is Penicillins. Sample excludes 17 intramural
contracts and two extramural contracts for which we do not have summary reports.
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Table 2: Novelty and impact of CMR-funded publications

Novelty Above given f. citation pctile.
(€] @ 3 4 5
New combo 75th pct.  90th pct.  95th pct.  99th pct.

CMR-funded  0.039%  0.221%*  0.145%*  0.092%*  0.032**
(0.018) (0.020) (0.016) (0.012) (0.007)

N 195303 195303 195303 195303 195303
R2 0.26 0.30 0.27 0.25 0.22
Subj-Year FEs Y Y Y Y Y

Y mean 0.309 0.232 0.093 0.048 0.010

Notes: Table estimates di erences between CMR-funded and contemporary
publications in novelty and impact. Column (1) estimates di erences in their
propensity to include a new MeSH term combination (novelty), and Columns
(2) to (5) their propensity to be top 25%, 10%, 5%, or 1% cited publications
(impact, based on 20-year forward citations). Sample is restricted to pub-
lications between 1940 and 1950. All speci cations include xed e ects for
publications' primary subject (highest-scoring MeSH term) and year. *, **,
*** represent signi cance at the 0.1, 0.05, and 0.01 levels, respectively. SEs
clustered by subject and year in parentheses.

Table 3: Changes in research activity in CMR-supported embryonic subjects

Publications with authors:

@ @ ©) 4 ®) (6)
Pubs Unig. auths. Only prewar Any prewar Any postwar New combos
Any CMR * 1(1936-1940) 0.014 0.086 -0.040
(0.015) (0.092) (0.080)
Any CMR * 1(1941-1945)  0.393*** 0.476** 0.102%** 0.205*** 0.355%** 0.258***
(0.059) (0.103) (0.027) (0.042) (0.054) (0.091)
Any CMR * 1(1946-1950)  0.685*** 0.653*** 0.076** 0.273%* 0.680%*** 0.298***
(0.084) (0.109) (0.031) (0.056) (0.082) (0.081)
Any CMR * 1(1951-1955)  0.491*** 0.398*** 0.004 0.140%** 0.499%+* 0.180**
(0.076) (0.106) (0.013) (0.037) (0.075) (0.082)
Any CMR * 1(1956-1960)  0.500*** 0.365*** -0.016* 0.077** 0.514** 0.121
(0.079) (0.106) (0.008) (0.029) (0.079) (0.084)
Any CMR * 1(1961-1965)  0.449*** 0.360*** -0.016** 0.050** 0.466*** 0.115
(0.086) (0.109) (0.008) (0.022) (0.085) (0.090)
Any CMR * 1(1966-1970)  0.438*** 0.313%** -0.018** 0.006 0.452%** 0.174*
(0.090) (0.116) (0.008) (0.018) (0.090) (0.089)
N 269657 102489 269657 269657 269657 102489
R? 0.44 0.55 0.10 0.14 0.47 0.34
Y mean 0.360 1.908 0.040 0.067 0.324 1.048

Notes: Table estimates di erences over time in scienti ¢ activity in MeSH terms with CMR funding,
relative to others. Evaluated outcomes are the number of scienti ¢ publications (Column 1); unique
authors (Column 2); number of publications with only prewar authors (Column 3), any prewar authors
(Column 4); and any postwar authors (Column 5); and new combinations (Column 6). Unique authors
measured using author identi ers in the MAG data. Prewar authors de ned as authors with at least
one pre-1940 publication, and postwar authors those with no pre-1940 publications. New combinations
are de ned as new co-occurring MeSH terms in articles with the given MeSH term. All columns restrict
the sample to \embryonic" subjects (with below-median pre-1940 publications), and Columns (2) and
(6) condition to subject-years with 1 publication. Results are estimated relative to the 1930-1935
period. Note that Columns (3) to (5) omit the \Any CMR * 1936-1940" parameter due to a lack of
pre-1940 variation in the condition. *, **, *** represent signi cance at the 0.1, 0.05, and 0.01 levels,
respectively. SEs clustered by MeSH term in parentheses.
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Table 4: New drug introductions in CMR-supported subjects, 1940-1970

Panel A: MeSH subject-year level

1(Any new drugs) # of new drugs IHS(New drugs)
@ 2 3 4 ®) (6)
All drugs Excl. A-l All drugs Excl. A-l All drugs Excl. A-l

Any CMR * 1(1946-1950) -0.011 -0.011 0.468 0.271 0.131 0.103
(0.069) (0.069) (0.393) (0.360) (0.145) (0.149)
Any CMR * 1(1951-1955) 0.141 0.141 1.420%  1.178*  0.469%*  (.444**
(0.087) (0.087) (0.518) (0.487) (0.163) (0.170)
Any CMR * 1(1956-1960) 0.105 0.105 2.350%  2.078%  0.630%*  0.612%**
(0.092) (0.092) (0.924) (0.939) (0.2112) (0.223)
Any CMR * 1(1961-1965) 0.146 0.146 0.543* 0.584* 0.267*  0.289*
(0.100) (0.100) (0.301) (0.317) (0.127) (0.132)
Any CMR * 1(1966-1970) 0.039 0.039 0.397 0.378 0.138 0.139
(0.081) (0.081) (0.376) (0.401) (0.152) (0.162)
N 1426 1426 1426 1395 1426 1395
R2 0.57 0.57 0.62 0.57 0.67 0.63
Y mean 0.264 0.264 0.795 0.680 0.413 0.371

Panel B: Firm-year sample

1(Any new drugs) # of new drugs IHS(New drugs)
@ @) @) 4) ©) (6)
All drugs Excl. A-l All drugs Excl. A-l All drugs Excl. A-l
CMR/WPB rm * 1(1946-1950) 0.205** 0.144*  0.446***  0.342**  (0.295***  (0.227***

(0.080)  (0.065)  (0.140)  (0.121)  (0.097)  (0.083)
CMR/WPB rm * 1(1951-1955)  0.254**  0.303** 0.930%* 0.768%* 0.511%* 0.475%*
(0.069)  (0.069)  (0.209)  (0.164)  (0.116)  (0.099)
CMRMWPB rm * 1(1956-1960)  0.222%* ~ 0.253**  0.977** 0.747** 0.514%* 0.439**
(0.072)  (0.076)  (0.246)  (0.210)  (0.127)  (0.119)
CMR/WPB rm * 1(1961-1965)  0.140%  0.123*  0.250*  0.261*  0.172*  0.172**

(0.058)  (0.063)  (0.125)  (0.137)  (0.079)  (0.087)

CMR/WPB m * 1(1966-1970) 0.111 0.089 0.079 0.090 0.074 0.077
(0.074)  (0.059)  (0.111)  (0.072)  (0.080)  (0.055)
N 3686 3686 3686 3686 3686 3686
R2 0.30 0.27 0.39 0.33 0.38 0.32
Y mean 0.183 0.157 0.274 0.220 0.204 0.169

Notes: Panel (A) estimates di erences in the annual number of new commercially-marketed drugs
in de Haen (1976) associated with MeSH terms with CMR funding, relative to others, restricting
the sample to terms in drug-related sub-branches of the pharmacologic actions branch of the
MeSH tree (see text for details; note that Columns 1 and 2 return the same estimates because at
least one anti-infective drug is developed in each year of our sample, such that anti-infectives are
absorbed out of Column 1 by xed e ects). Panel (B) estimates di erences in the annual number
of new drugs brought to market by rms engaged in the CMR (and WPB) medical research
e ort vs. others. Even-numbered columns (labeled \Excl. A-1") exclude anti-infective agents to
examine the degree to which the results are driven by antibiotics. In preparing the rm sample
in Panel (B), we dynamically reassign a small number of rms which merged or were acquired
during the sample frame to their subsequent owners using data from FTC (1980). Estimation
sample begins in 1940 (the beginning of the de Haen (1976) historical drug data, which follow the
FDA's initiation of drug safety approvals). Results are estimated relative to the 1940-1945 period.
* *x kxx rapresent signi cance at the 0.1, 0.05, and 0.01 levels, respectively. SEs clustered by
MeSH term (Panel A) or rm (Panel B) in parentheses.
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Table 5: Growth of biological approaches to drug development and manufacture

Any patents? Num. patents IHS(Patents)
(1) (2 3 (O] (5) (6)
Ferment. Bio. drugs Ferment. Bio. drugs Ferment. Bio. drugs
CMR/WPB rm * 1(1936-1940)  -0.034 -0.026 -0.132 -0.007 -0.052 -0.017
(0.051) (0.030) (0.148) (0.165) (0.062) (0.059)
CMR/WPB rm * 1(1941-1945) 0.039 0.049 -0.009 0.102 0.021 0.071
(0.062) (0.064) (0.237) (0.197) (0.101) (0.097)
CMR/WPB rm * 1(1946-1950) 0.106 0.099 0.146 0.219 0.111 0.141
(0.080) (0.070) (0.295) (0.268) (0.130) (0.122)
CMR/WPB rm * 1(1951-1955) 0.197** 0.298*** 0.559 0.826** 0.313* 0.465**

(0.087) (0.081) (0.407) (0.393) (0.180) (0.171)
CMR/MWPB rm * 1(1956-1960) 0.306***  0.342%*  1.382%  1687**  0.606*  0.708***
(0.104) (0.094) (0.659) (0.701) (0.246) (0.241)
CMR/PB rm * 1(1961-1965) 0.310%*  0.390%*  1.120%  1.626™*  0.564**  0.757**
(0.109) (0.090) (0.470) (0.555) (0.211) (0.216)
CMR/WPB rm * 1(1966-1970) 0.279%*  0.432%* 0.526 1.421%%  0.357%  0.728**
(0.089) (0.087) (0.324) (0.505) (0.150) (0.203)

N 5172 5172 5172 5172 5172 5172
R2 0.37 0.42 0.36 0.45 0.42 0.50
Y mean 0.063 0.090 0.139 0.208 0.085 0.124

Notes: Table estimates di erences in rms' annual number of drug patents on fermentation processes
and on drugs produced from microorganisms, comparing rms engaged in the CMR (and WPB) med-
ical research e ort vs. others. Drug patents de ned as those associated with NBER category 31 (Hall
et al. 2001). Patents on fermentation processes are those classi ed into CPC C12P (\Fermentation
or enzyme-using processes to synthesize a desired chemical compound or composition"), and patents
associated to microorganisms are those classi ed into CPC Y10S 435/82 to Y10S 435/94 (all under
\Microorganisms"). The rm sample consists of rms in de Haen (1976). In preparing this sample,
we dynamically reassign a small number of rms which merged or were acquired during the sample
frame to their subsequent owners using data from FTC (1980). Results are estimated relative to the
1930-1935 period. *, **, *** represent signi cance at the 0.1, 0.05, and 0.01 levels, respectively. SEs
clustered by rm in parentheses.
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A Data Appendix

A.1 OSRD/CMR data sources

At the heart of this paper are new data on CMR-funded research obtained from OSRD archival
records at the U.S. National Archives and Records Administration (NARA).' The principal data
source for this paper is a set of CMR contract summaries, which identify the CMR division, contract
number, principal investigator, institution, project title, value, award period, and a list of all
technical reports, interim and nal progress reports, and publications produced under the contract.
For most contracts it also provided a summary of results. We cross-validate the information in these
records against three other sources: (i) contract index in OSRD archival records, (ii) a contract
list in the archival records, and (iii) a corresponding contract list in Andrus (1948). Figure A.1
provides a screenshot from an example CMR contract summary, highlighting key elds. Figure A.2
shows the corresponding index card from the OSRD contract index.

From the collective records we identify a total of 590 CMR research contracts: 573 extramural
contracts to investigators at 128 universities, rms, hospitals, and institutes (identi ed in records

as contracts OEMcmr-1 to OEMcmr-573), and 17 intramural contracts (primarily with the USDA,
FDA, and NIH). The extramural contracts bore a total value of $21.3 million in 1940-45 dollars|
around 5% of OSRD's total spending across all research contracts, most of which was comprised of
NDRC developing physical war technologies like radar (see Gross and Sampat 2023a,b, Gross and
Roche 2026)|equivalent to roughly $400 million in 2024.

We are also able to identify scienti ¢ publications produced under these contracts, using the union
of (i) publications reported in contract summaries (like the one shown in Figure A.1), (i) a \CMR
bibliography" reported in Andrus (1948), and (iii) an independent CMR bibliography discovered in
OSRD records which appears to have been the input for the Andrus list, though these sources mostly
intersect. Figure A.3 provides excerpts from the archival and published bibliographies. We digitize
and consolidate these bibliographies and link the results to Microsoft Academic Graph (MAG; 82%
link rate), Web of Science (79% link rate), and PubMed (55% link rate, due to PubMed's incomplete
coverage in this period). Though CMR publications provide insight into the shape of its research
portfolio, throughout our analysis we prioritize contract-based measures over publication-based
measures, as they indicate research inputs rather than output.

1See NARA Record Group 227, \Records of the O ce of Scienti ¢ Research and Development". The key record set
for this paper are the Committee on Medical Research Contract Ledgers (NC-138, Entry 164, Stack area 130, Row
22, Compartment 18, Shelf 2-3, Boxes 1-6). Also relevant were OSRD'sIndex to Contracts (NC-138, Entry 27, Stack
area 130, Row 20, Compartment 11, Shelf 1, Boxes 1-5) and lists of CMR contracts and CMR-funded publications
found in NARA records which we cross-validate against lists presented in Andrus (1948).



Figure A.1: Example medical research contract summary

Notes: Figure shows an excerpt from an example contract summary report from the CMR contract
ledgers, for contract OEMcmr-146. The headings provide basic contract information, including the
contract number, institution, subject, principal investigator, dates, and total contract value. Also
included in these reports were extended abstracts and publication lists.

Figure A.2: Corresponding contract index card

Notes: Figure shows the corresponding index card from the OSRD contract index. The
card identi es the contract number, contractor, OSRD division (in this case, \CMR"),
and the total contracted and obligated value.
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