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ABSTRACT
THE ROLE AND CONTRIBUTION OF FEDERALLY FUNDED
BASIC RESEARCH
IN PHARMACEUTICAL INNOVATION
By

Andrew A. Toole

Research and development investment is an important factor in technical
progress and productivity growth. Recent theoretical research has suggested
that the stock of knowledge created through cumulative research and
development feeds new innovation and economic growth. When knowledge
creation is funded by public institutions, the research results are both non-rival
and non-excludable. Non-rivalry means that the use of public research by one
agent does not preclude its use by another while non-excludability guarantees
that the results from public research are accessible to all agents. Because of
these characteristics, the public stock of knowledge can feed innovation across
different sectors and industries in the economy.

This dissertation analyzes the role and contribution of publicly funded
basic research in pharmaceutical innovation. Drawing on conversations with
industry scientists, it is argued that public funding of biomedical research
facilitates advances in public scientific understanding and thereby creates new
avenues to therapeutic outcomes and research opportunities for new drug
discovery. As new opportunities emerge, private firms use this information in the

pharmaceutical innovative process to develop new drug concepts and define



therapeutic outcomes. It is in this manner that public basic research contributes
to the discovery of new therapeutic compounds.

The discovery of new compounds is modeled using the economic
production framework. In this framework, basic research can make both a direct
contribution to the discovery of new therapeutic compounds and an indirect
contribution by stimulating private research and development (R&D) investment.
The sum of these individual effects leads to an estimate of the total impact of
public basic research on pharmaceutical innovation.

The quantitative analysis explores the timing, magnitude, and significance
of the impact that public basic research has on pharmaceutical innovation and
investment. A new panel data set is constructed using medical therapeutic
classes over time. Detailed data on Public Health Service awards between 1955
and 1985 are matched by therapeutic class and year with measures of
pharmaceutical innovation, industry R&D investment, Food and Drug
Administration regulatory stringency, and pharmaceutical demand.

The analysis finds strong evidence for an economically and statistically
significant impact of public basic research on pharmaceutical innovation and
investment. The total marginal impact indicates that a $1 million investment in
the stock of public basic research produces 0.07 new chemical entities in each
therapeutic class after an average of seventeen years. This would yield an
average discounted cash flow of $14.2 million in each therapeutic class at the

time of introduction.
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Chapter 1

Introduction

...the most important aspect of research management is the ability
to access the scientific information emanating from academic and
industrial laboratories throughout the world, to discern its
importance, and to integrate it rapidly into our research.

Edward M. Scolinick, M.D.

President of Human Health
at Merck & Co., Inc.

1.1 Overview

Following World War I, the United States Government established itself
as the leading financial supporter of basic research. Fueled by the belief that a
strong basic research foundation would lead to productivity increases and
greater national welfare, federal funding of basic research grew at a real annual
rate of 11.8% through the 1960s. However, beginning with the economic
challenges of the 1970s and the concomitant pressures on the Federal budget,
policy debates resulted in the reduction inr the growth rate of federal funding for
basic research. For the 1970-1989 period, the real annual growth rate dropped
to 2.8% (NSF (1992)).

It is evident from current and past debates that competing demands for
federal funds have caused policy makers to re-evaluate national research policy.
The traditional belief in basic research as a means to increase national and

industrial production has been questioned. At least in part, this policy



debate is perpetuated by a shortage of economic analyses describing and
quantifying the impact of federally funded basic research. Since basic research
is that research which builds fundamental knowledge within a scientific
discipline, its connection and contribution to industrial innovation is less obvious
than applied research and development. Nevertheless, the impact of basic
research can be examined using the standard production relation described in
the economics literature.

The production framework identifies two related channels through which
federally funded basic research can influence industry innovation. First, basic
research can contribute directly to private industry's product innovation. In this
case, basic knowledge is used as a direct input to create the new product
introduced by private industry. For example, pharmaceutical firms use the basic
research results on biological and chemical processes to conceive therapeutic
outcomes and synthesize new therapeutic compounds. Second, federally
funded basic research can contribute indirectly to private industry's product
innovation. This indirect contribution recognizes the role that basic knowledge
plays in stimulating additional private R&D investment. Often times additional
private R&D is needed to strengthen and extend the foundation of knowiedge
created by public financing. Accounting for both the direct and indirect effects
leads to an estimate of the overall impact of federally funded basic research on
industrial product innovation.

In general, U.S. support for basic research has gone to universities and

colleges to fund academic research. A recent survey by Mansfield (1995)



reports that federal funds constitute two-thirds of the total research dollars used
by academic researchers. Outside of the agricultural sector, econometric
analyses of basic research have focused primarily on the link between academic
research and manufacturing innovation and productivity. In this vein, several
probing multi-industry studies have been done in recent years. Jaffe (1989)
uses the production framework to estimate the elasticity of corporate patents
with respect to the stock of academic research spending. Grouping industries
and academic departments into "technological areas," Jaffe finds that academic
research makes a significant contribution to commercial innovation. Using
Jaffe's model and a measure of new business innovation, Acs et al. (1991) also
find that academic research contributes to industry innovation. Adams (1990),
using knowledge stocks constructed with weighted counts of journal articles,
finds that fundamental knowledge either increases or decreases manufacturing
productivity depending on the lag specified.

Although the generality of the multi-industry approach is one of its
strengths, it is also one of its weaknesses. It is difficult to infer from these
studies how basic research has impacted an individual industry. The best we
can do is acknowledge the general importance of this research to the various
technological areas studied. As will be seen below, our focus on an individual
industry motivates the mapping of research between sectors and allows us to
control for industry specific characteristics. Moreover, previous studies do not
distinguish between federal and non-federal funding sources. In order to gauge

the impact of federally supported basic research on industrial innovation and



gather information for policy evaluation and formulation, we must explicitly
analyze the impact of this research.

This dissertation provides an estimate of the “total impact® of U.S.
Government funded basic research on pharmaceutical innovation by combining
separate estimates of the direct and indirect effects. Using insights gained from
interviews with industry scientists, the analysis begins by describing the role of
basic biomedical research in the pharmaceutical innovative process. This
qualitative discussion provides the basis of the four primary hypotheses tested in
the empirical analysis: first, public basic research has a positive and significant
direct impact on pharmaceutical innovation; second, public basic research has
its greatest impact in the formulation of "drug concepts" which come in the
earliest stage of drug discovery; third, the distinctive contributions of public basic
research and private industry R&D to the pharmaceutical innovative process
suggest limited substitution possibilities between these two types of research;
and fourth, public basic research indirectly impacts pharmaceutical product
innovation through its affect on industry R&D investment. Furthermore, the
potential for increasing retumns to scale in pharmaceutical innovation and the
effects of product quality regulation by Food and Drug Administration (FDA) are
also explored.

This study introduces basic research by therapeutic class into the
economic model of pharmaceutical innovation. The data used to measure basic
biomedical research consists of all extramural grant and contract awards given

by the Public Health Service (PHS) between 1955 and 1985. The PHS funds the



largest portion of all basic biomedical research, whether one considers public,
private, or both sectors. In 1985, the PHS financed 80% of all U.S. Government
obligations for national health R&D, covering 66% of all non-industry funding
(NIH data book (1989)). Further, this study incorporates two key characteristics
of basic research. First, basic research is allowed to be cumulative over time.
This captures the important quality of learning that builds on previous research
knowledge. Second, basic research is lagged so that its hypothesized timing
can be tested and explored statistically.

The federal awards data are combined with standard measures of
pharmaceutical innovation, industry R&D expenditure, and regulatory stringency.
Approved new chemical entities (NCEs), a measure of important patents, are
used to represent pharmaceutical innovative success. Industry R&D
expenditure figures were obtained from the Pharmaceutical Research and
Manufacturers Association (PhRMA). The FDA supplied the necessary data to

calculate measures of regulatory stringency.

1.2 Plan of the Dissertation

Chapter two describes the role of public basic research in the
pharmaceutical innovative process and outlines the main hypotheses to be
tested. Chapter three presents the general modeling framework, describes the
data and discusses the estimation techniques. Chapter four describes the

empirical specification and results of the direct impact of public basic research



on pharmaceutical innovation. Chapter five presents the empirical specification
and results of the indirect impact of public research on pharmaceutical
innovation. Chapter six concludes the analysis and calculates the total impact of

publicly funded basic research.

1.3 A Primer on Public Basic Research

An important part of understanding the relationship between federally
funded basic research and industry innovation is understanding the institutional
base from which this research is created. In general, the stock of public basic
research is the output of the U.S. national research enterprise. The U.S.
national research enterprise is the set of government, industrial and academic
institutions that conduct research in the United States. With respect to basic
research, the U.S. national research enterprise essentially refers to the
aggregate of U.S. academic institutions. Under federal sponsorship, the
academic research enterprise has grown into a tremendously diversified
institutional base supplying the largest portion of the stock of public basic
research.

The National Science Foundation defines basic research as that which is
directed toward “a fuller knowledge or understanding of the subject under study,
rather than a practical application thereof’ (NSF, 1985, P. 221). It is the
research which builds fundamental knowledge within a scientific discipline. The

definition of basic research used in this study encompasses the NSF definition



but also adds that the research must be non-clinical and relevant to the
pharmaceutical industry. Figure 1.1 plots overall federal basic research
expenditures and the PHS basic research awards (across all classes) used in
this study for the years 1960 - 1985. For comparative purposes, both series are
presented in real 1987 dollars using the implicit GDP deflator. It is worth noting
that the PHS awards trend is not characterized by the rapid increases and
decreases that are evident in the trend of overall federal basic research funding.
The Public Health Service is the key governmental body in charge of the
allocation of federal research money for biomedical and pubic health projects.
This is accomplished through the use of “study sections” or peer review groups
which recommend approval of grant applications. Each recommended grant will
have an activity code which describes the nature of the proposal in broad terms
such as research, fellowship, training, etc. The set of recommended
applications are sent on to get final committee approval from the particular
institute that will fund the study. Figure 1.2 plots the total number of PHS activity
codes, the number of institutes and the number of study sections from 1955 to
1985. There are two interesting points with regard to this plot. First, the rapid
expansion of PHS funding through the 1960s is evident in the growth of the
number of study sections, activity codes and institutes during this period.
Likewise, the steady-state which characterized the 1970s is also evident.
Finally, it is important to remember the public goods aspect of federally

financed basic research. Projects funded with federal monies are part of the
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public domain. As such, the results of this research add to the public stock of
knowledge and possess two key characteristics: non-rivairy and non-
excludability. Non-rivalry means that the use of public research by one agent
does not preclude its use by another while non-excludability guarantees that the
results from public research are accessible to all agents. Because of these
characteristics, the public stock of knowledge can feed innovation across

different sectors and industries in the economy.

1.4 Literature Review: Multi-industry Studies

The focus of this dissertation draws on two lines of research in the
economics literature. The first is the literature regarding the measurement of
spillovers from government and academic research to industry research and
development. In this vein, the central focus has been on studying multi-industry
flows.

Mansfield (1991) uses survey data from 76 firms in seven manufacturing
industries, one of which is the ethical drug industry, to look at the extent to which
technological innovations have been based on recent academic research; the
time lags between academic research discoveries and commercial utilization;
and the social rate of return from academic research. Mansfield finds that the
drug industry has the highest percentage of new products and processes that
could not have been developed (without substantial delay) in the absence of

recent academic research. However, his study was not designed to produce an
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estimate of the extent of these spillovers. A second study directed by Mansfield

appears in his book, Research and Innovation in the Modern Corporation,

published in the early 1970s. In the chapter on the ethical pharmaceutical
industry, Jerome Schnee identifies the discoverer of sixty-eight drug innovations
spanning two separate time periods, 1935-1949 and 1950-1962, and presents
some descriptive statistics. One of the major conclusions of this exercise is that
academe, as a source of drug innovations, has accounted for fewer drug
discoveries relative to industry sources over time. He defines discovery as the
first identification of a drug's biological activity. That is, he considers the first
identification of the therapeutic action of the drug.

Link (1981) appears to be the first study to analyze the impact of
government financed basic research on industry productivity. The analysis
separates both company financed and government financed research into
applied and basic portions. Using data from fifty-four manufacturing firms, Link
finds that government financed basic research has a positive and significant
effect on total factor productivity. His elasticity estimate for government financed
basic research is 1.17. However, it is important to note that Link measures
direct government payments to the firms themselves and not the stock of public
research available outside of the firms.

Jaffe (1989), in an important study relating academic research to industrial
research, looks at the spatial relationship between academic and industrial
research and development. It belongs to a class of R&D spillover models that

use some measure of "technological distance" separating the origin and
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destination (the receiving industry) of the innovation. He estimates a three
dimensional simultaneous equation panel data model in which observations are
indexed by state, "technological area," and time. The innovative output measure
is corporate patent counts and the innovative inputs are measures of industry
and academic R&D expenditure aggregated to the level of the technological
area.

Importantly, Jaffe distinguishes between basic and applied R&D in his
analysis. He finds significant spillovers from university R&D to industrial R&D.
While the multi-industry character of his study is both a strength and weakness,
his work serves as an important step in understanding the relationship between
external knowledge and commercial innovation.

Adams (1990) is a multi-industry study of the relationship between
manufacturing total factor productivity and academic research. There are three
unique elements to his analysis: first, he uses a labor weighted count of journal
articles to measure the stock of “fundamental” knowledge; second, he analyzes
the lag between the research and its impact on productivity; and third, he
includes knowledge stock measures of within industry knowledge and external
knowledge. Although he finds that fundamental knowledge either increases of
decreases manufacturing productivity depending on the lag specified, the data

reveal that the “science only” spillover lag is about thirty years.



1.5 Literature Review: Studies of the Pharmaceutical Industry

The second line of research consists of those studies which focus
exclusively on the pharmaceutical industry. This research falls mainly into two
camps: studies of FDA regulatory stringency and studies of research investment
and productivity. With regard to the studies of FDA regulation, Martin Baily
(1972) and Grabowski et al. (1978) (GVT) estimate the direct effect of regulation
using [new chemical entities/R&D] as their measure of pharmaceutical
productivity. Having a continuous dependent variable, they use OLS to estimate
their models. The only difference in their approaches is that GVT use the United
Kingdom as a control for non-regulatory factors.

There are three important non-regulatory factors identified: the
thalidomide disaster; advances in pharmacologic science; and the depletion of
research opportunities. The idea of the depletion of research opportunities is of
direct interest. Baily attempts to capture this using a moving average of past
NCE introductions; however, GVT show that this measure is insignificant when a
larger sample period is used. GVT prefer to use the U.K. as a control for the
relationship between basic biomedical research and pharmaceufical research by
assuming that advances in basic research affect both the U.S. and U.K
pharmaceutical industries the same. The final important point regarding the
GVT analysis is their method of measuring the regulatory stringency. GVT use
the mean time from submission of the new drug application to approval in each

year of their sample. Their sample covered 1954-1974.

13
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Wiggins (1979) expands on this work in two ways: (1) he estimates the
relationship for each therapeutic class;' and (2) he estimates the total effect not
just the direct effect. Wiggins notes the importance of “scientific knowledge” in
the pharmaceutical firms’ decision process. In fact, he states, “In conclusion, it
must be reemphasized that the most important consideration [in choosing a
research project] is still the scientific one.” (Wiggins, 1979, p. 69) This being
said, Wiggins has no way to account for changing scientific knowledge nor can
he estimate its relationship to pharmaceutical drug innovation. Similar to GVT,
Wiggins uses the mean time from NDA submission to approval for each class for
each year. Finally, because Wiggins uses NCEs as his dependent variable, he
uses a Tobit estimation technique in an attempt to account for the truncation at
zero.

Using firm level data, Jenson (1987) improves on the estimation
technique for the model by using a Poisson specification along the lines of
Hausman, Hall, and Griliches (1984). She uses the same measure of regulatory
stringency as GVT and includes a time trend and other interacted variables in an
attempt to account for scale economies in pharmaceutical R&D.

Econometrically, Jenson maintains the nominal variance assumption of the
Poisson model (that is the mean = variance property of the Poisson distribution).
Jenson does inspect the off diagonal elements of the covariance matrix formed

using the standardized residuals for evidence of serial correlation and concludes

' A therapeutic class is a grouping of compounds based on their treatment
indication.
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that it “does not appear to be a serious problem.” Her results indicate that
regulatory stringency decreases the expected number of new chemical entities
while firm size has no significant affect on the marginal productivity of research
expenditure.

There are two existing studies that focus on pharmaceutical research effort
and productivity: Ward and Dranove (1995) and Henderson and Cockburn
(1996). Ward and Dranove measure R&D spillovers from government-funded
basic research to pharmaceutical applied research. The authors are interested
in the magnitude and lag structure characterizing R&D spillovers between basic
research and applied research. They construct a panel data set of therapeutic
classes covering the period 1966-1988.

They measure spillovers in two ways. First, by regressing industry R&D
expenditure on a count of journal articles and other variables, they find that a 1%
increase in journal articles results in a 0.22%-0.36% increase in industry R&D
expenditure. Second, the authors regress industry R&D expenditure on the
National Institutes of Health (NIH) obligations broken-down by institute and
aggregated, as closely as possible, into therapeutic classes. Within the same
therapeutic class, a 1% increase in NIH obligations leads to an increase in
industry R&D expenditure by 0.57%-0.76% (cumulative over all lags). Further,
an "indirect" spillover is associated with NIH obligations in other therapeutic
classes. This effect has industry R&D expenditure increasing 1.26%-1.71% in
response to a 1% increase in NIH obligations.

Two things are important to note about the Ward and Dranove analysis.



16

First, their study explores the determinants of R&D inputs not outputs.
Consequently, while this study is interesting and informative, the role of R&D
spillovers in the successful develdpment of usable output remains an open
question. Presumably, the spillovers of inputs contribute to individual firm
success in drug development by either reducing cost or increasing the likelihood
of success by providing better leads in drug discovery. Second, the NIH funding
data that they use consists of the total obligations of the NIH for a particular
institute in a given year. Research obligations correspond to present and future
funding commitments while awards measure the actual financial outlays in a
given year. Although there is not much difference between the two, using
obligations might affect the timing of the relationship since obligations typically
lead awards by one year.

Henderson and Cockburn (1996) look at firm specific economies of scope
and scale as well as inter-firm spillovers in the drug discovery stage of
pharmaceutical R&D.? They use disaggregated proprietary firm data at the level
of the research program. It is organized as a panel data set which contains
detailed R&D input (investment) data from ten pharmaceutical firms spanning a
period of twenty years. Innovative output is measured by a count of "important"
Composition of Matter patents. This is defined as a patent granted after the

discovery stage of research in two of three major markets.

2 In the Henderson and Cockburn analysis, economies of scope exist within the
firm if physical assets or personnel can be used in more than one application at
no extra cost. Economies of scale exist if fixed costs can be distributed over a
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Their analysis incorporates both direct and indirect inter-firm spillovers.
Direct spillovers occur between firms that are involved in research in the same
therapeutic class. For instance, this is the case when two firms both conduct
R&D on drugs for the cardiovascular system. Indirect spillovers between firms
are those which occur across related therapeutic classes. In this case, research
on blood and blood forming organs may uncover a result useful in
cardiovascular drug R&D. Both measures were found to have positive and

significant coefficients indicating the presence of inter-firm spillovers.

larger research effort or if the firm can hire specialized researchers as their total
research effort grows.



Chapter 2

Basic Research and The Process of Pharmaceutical Innovation

2.1 Overview

This chapter develops the qualitative basis for the hypotheses that are
tested in the empirical section of the dissertation. The chapter begins with a
description of the standard schematic of the pharmaceutical innovative process.
As will become clear, this schematic does not explicitly describe the role and
contribution of public basic research in the discovery and development of new
therapeutic compounds. To gain an understanding of where basic research fits
in the pharmaceutical innovative process, previous research is supplemented by
interviews with industry scientists and administrative personnel. Following a
description of the interview responses, a new schematic showing the role of
basic research is presented and the four main hypotheses regarding public basic
research are described. The chapter ends with a description of the discovery of
captopril, an example of how public basic research can contribute to

pharmaceutical innovation.

2.2 The Pharmaceutical Innovative Process: Standard View

Figure 2.1 gives a detailed breakdown of the pharmaceutical innovative

process. This process is divided into two broad stages: drug discovery and

18
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drug development. Discovery is represented by the first page of Figure 2.1 while
development is shown on the following page of Figure 2.1. The diagram
indicates that pharmaceutical firms need a set of inputs - knowledge, skilled
manpower, research facilities and funding - in order to begin the innovative
process. Having these resources, firms begin drug discovery by defining a
therapeutic outcome and synthesizing potential compounds that may lead to the
desired outcome. After testing or “screening” different chemical combinations, a
candidate compound, or group of compounds, is identified. Following chemical
analysis to establish certain stability and reproduction properties necessary for
mass production, the firm begins animal tests for efficacy and safety.

The two indicators of success in the drug discovery stage are patents and
investigational new drug applications (INDs). Patent applications are filed
following proof of efficacy in animals. It is commonplace for firms to patent large
groups of related compounds, referred to as a “patent estate.” This is done both
as a strategic move to block out potential competitors and because of the
uncertainty regarding which of the compounds will be best suited for the
development stage of research. As soon as safety requirements are satisfied,
the firm must submit an IND to obtain FDA permission for human testing.

The three pre-marketing clinical development phases appear in the
continued portion of Figure 2.1. The initial phase (phase |) provides the first
information in human subjects on the tolerance, absorption, and elimination of
the compound. Phase |l are the first investigations into the drug’s dose-

response relationship to efficacy in human patients. The final pre-marketing
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phase, phase lll, uses large-scale clinical trials to establish efficacy and safety in
the target patient population. If all phases are successful, the firm will file a new
drug application (NDA) while continuing long-term clinical trials during the FDA
approval period. Once the firm receives the approved NDA, market sales are
legal (DiMasi et al. (1991), OTA (1993)).

It is fundamental to recognize that the pharmaceutical innovative process is
highly knowledge intensive. The standard schematic shows the progression
from chemical synthesis to NDA submission. Along this progression, knowledge
describing the characteristics of both the candidate compound and its close
chemical relatives is continuously accumulated. This additional knowledge is
used to revise expectations concerning a project’s scientific feasibility and
ultimate market importance (see Wiggins (1981) for a detailed discussion of the
decision-making process).

Given the highly knowledge-intensive nature of the innovative process, it is
hardly surprising that pharmaceutical innovation requires long periods of time.

In a comprehensive analysis on the cost of new drug development, DiMasi et al.
(1991) find that the average time from synthesis to FDA approval is nearly
twelve years for the 1979-1989 period. The Pharmaceutical Research and
Manufacturers Association also report a twelve year lag between synthesis and
approval. Further, in a study looking at the relationship between drug
importance and time to market, Dranove and Meltzer (1994) suggest the period
from patent application to FDA approval is twelve to fourteen years.

It is further evident that the FDA, a component of the Public Health Service,
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has imposed several regulatory requirements at various stages of the process.
The two most obvious requirements are the investigational new drug application
(IND) and the new drug application (NDA). Although broad guidelines exist,
these applications require specific types of data and procedures depending on
the compound involved. Moreover, within the application, each claim must be
supported by extensive documentation. There has been a fair amount of
research investigating the impact of FDA product quality regulation on
pharmaceutical innovation (Baily (1972), Peltzman (1973), Grabowski et al.
(1978), Wiggins (1981, 1983), Jensen (1987), Thomas (1990)). Although
opinions on timing and magnitude differ among the studies, all conclude that

regulation has lowered pharmaceutical innovation.

2.3 Basic Research and FDA Regulation: Industry Interviews

Within the standard schematic of the pharmaceutical innovative process
(Figure 2.1), the role of basic research is not explicit. Interviews with industry
scientists revealed that the primary role and contribution of basic research
comes in the drug discovery stage of industry research. In fact, they identify
basic research as feeding an independent step in the discovery stage called the
“rock turning” or “drug concept’ period. This is the very first point in the
pharmaceutical innovative process and necessarily precedes chemical
synthesis. By providing greater understanding of biological and chemical

processes and structures, basic research creates a foundation of knowledge
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which opens up new avenues to therapeutic outcomes.

In the typical case, the basic research that leads to the discovery of new
therapeutic compounds is a combination of publicly available biomedical
knowledge and a firm's own basic research. In a recent paper, Henderson and
Cockburn (1997) point out that drug discovery is characterized by a high degree
of public and private interaction in research. While this is undoubtedly true, our
analysis suggests that the “net flow” of ideas is from publicly funded basic
research to pharmaceutical industry research. This not the “simple waterfall
model” of innovation. There is a high degree of complexity and creativity in the
process of drug discovery. Nevertheless, there is a progression in research and
learning. To the extent that firms monitor and use the advance of public medical
understanding in their research, they can begin the process of drug innovation
with something other than a “blank chalkboard.”

Industry scientists point out that the continually expanding stock of public
basic research knowledge creates both new opportunities for therapeutic
outcomes and new approaches to chemical screening. The new opportunities
stem mainly from advances in our understanding of metabolic processes in
normal and disease states while, in the chemical screening step, more clearly
defined therapeutic outcomes are combined <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>