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ABSTRACT

Using data on over 900 firms for the period 1988-2000, we estimate the effect on phase-specific
biotech and pharmaceutical R&D success rates of a firm’s overall experience, its experience in the
relevant therapeutic category; the diversification of its experience, and alliances with large and small
firms. We find that success probabilities vary substantially across therapeutic categories and are
negatively correlated with mean sales by category, which is consistent with a model of dynamic,
competitive entry. Returns to experience are statistically significant but economically small for the
relatively straightforward phase 1 trials. We find evidence of large, positive, and diminishing
returns to a firm’s overall experience (across all therapeutic categories) for the larger and more
complex late-stage trials that focus on a drug’s efficacy. There is some evidence that a drug is more
likely to complete phase 2 if developed by firms with considerable therapeutic category-specific
experience and by firms whose experience is focused rather than broad (diseconomies of scope).
Our results confirm that products developed in an alliance tend to have a higher probability of
success, at least for the more complex phase 2 and phase 3 trials, and particularly if the licensee is

a large firm.
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Introduction

Pharmaceutical firms invest a greater percentage of sales in research and development (R&D)
than any other industry. R&D accounted for 15.6 percent of global sales in 2000 for the US research-
based pharmaceutical industry, compared to 10.5 percent for the next highest industry (computer
software), 8.4 percent for electrical and electronics firms, and 3.9 percent for U.S. companies overall,
excluding drugs and medicines (Pharmaceutical Research Manufacturers Association, 2001). The
average R&D cost per new chemical entity (NCE) brought to the market is estimated at $802 million
(DiMasi, Hansen, and Grabowski, 2002). The cost per NCE is high for three reasons: high input costs for
both drug discovery and drug development, including human clinical trials that are required by the Food
and Drug Administration (FDA) to establish proof of safety and efficacy;' the time value of money
considering that it takes 12-15 years to advance a drug from discovery through regulatory approval; and
high failure rates, because the cost of “dry holes” — compounds that fail — is included in the average cost
per approved NCE. Failure rates during discovery and development are high: for each new compound
that is approved, roughly five enter human clinical trials and 250 enter preclinical testing. Thus a key
challenge in the management of pharmaceutical and biotech R&D is to increase productivity by
improving the percentage of compounds that successfully reach the market and, in particular, to minimize
the probability that a compound will fail late in the development process after significant costs have been
incurred.

Relatively little is known about the determinants of success rates in pharmaceutical and biotech
R&D. This is surprising given the critical importance of success rates in determining the expected cost of
an individual drug, the overall cost of and return to pharmaceutical R&D (Grabowski and Vernon, 1994,

2003), and in valuing individual drugs, a company’s pipeline of drugs, and a company as a whole. Most

! Firms must file an Investigational New Drug application (IND) with the FDA and receive approval before a drug
can be taken into human clinical trials. Phase 1 clinical trials test whether the drug is safe in healthy subjects; phase
2 trials test whether the drug is effective in small samples of patients with the target disease; and phase 3 trials test
whether the drug is effective in a large sample of patients with the targeted disease. Upon completing phase 3, a



of the published data on pharmaceutical R&D success rates come from the Tufts Center for Drug
Development (CSDD), a proprietary database that now contains drug development histories for 24 large
pharmaceutical firms. In a series of studies focusing on compounds that entered clinical trials between
1980 and 1992, DiMasi and his colleagues (DiMasi et al., 1991; DiMasi, 2000; and DiMasi, 2001) report
estimates of the average success rate: by development phase, averaged over all firms; for selected
therapeutic categories; and for self-originated versus in-licensed drugs across all therapeutic categories.
DiMasi (2000) also reports large differences between firms in the probability a drug will be approved by
the FDA, conditional on entering human clinical trials. However, this analysis does not examine whether
these firm-specific effects are due to overall experience or experience in the specific therapeutic category,
nor does it control for drug characteristics that may vary systematically by firm.

Henderson and Cockburn (1996) and Cockburn and Henderson (2001) use data on research inputs
and outputs for 10 pharmaceutical firms to examine determinants of R&D performance at the level of the
firm and research program. For drug discovery, they find evidence of returns to scale and scope at the
firm level but no evidence of returns to scale at the research program level. For drug development
(clinical trials), they find evidence of returns to scope but no evidence of scale economies. When firm
fixed effects are included, however, the coefficient on the economies of scope variable becomes
insignificant, which leaves unsettled whether firm-specific strategies or breadth of development activities
explain the differential success rates.

Although these studies produce interesting results, they leave many questions unanswered. The
studies by Cockburn and Henderson are based on data for the period 1961-1990, which largely predates
the biotech and genomics revolution, which changed the nature of R&D and, consequently, industry
structure. Their sample of 10 firms appears to consist primarily of large firms, hence is not representative
of the more numerous small and medium sized firms that now dominate the industry in terms of number

of firms involved in R&D, although not in terms of sales. Much of their variation is within their 10 firms

company submits the data and files a New Drug Application (NDA) with the FDA for regulatory review and



over time rather than between firms, therefore measures of scale and scope may be contaminated by
technological and other time-related changes, since most firms have grown and become more complex
over time. Thus extrapolating from this sample to the larger universe of firms currently active in R&D,
which includes many small firms, may be problematic.

These studies also do not examine the role of alliances in R&D productivity. As the technologies
of drug R&D have changed since the 1980s, so have the role of biotech companies and of pharmaceutical-
biotech alliances. The studies cited above also pre-date many of the horizontal mergers between large
pharmaceutical firms that occurred in the late 1980s and 1990s, which were supposed to improve R&D
productivity through economies of scale and scope. The 1990s has also witnessed the growth of contract
research organizations (CROs) that specialize in conducting clinical trials. The experience of the largest
CROs probably now rivals that of the large pharmaceutical companies. Since both small and large firms
use CROs, it is an empirical question whether this mitigates any scale or scope effects that may
previously have existed when drug development was managed in-house by pharmaceutical firms. Thus
the average success rates in DiMasi’s, studies and the scale and scope relationships identified by
Henderson and Cockburn, may have changed considerably.

In this paper we develop more current and more detailed estimates of R&D success probabilities,
by type of drug and type of firm, using data on over 900 firms for the period 1988-2000 from Adis
International. Specifically, we estimate the effect on phase-specific success rates of a firm’s overall
experience; its experience in the relevant therapeutic category; the diversification of its experience, as
measured by a Herfindahl index; and its alliances with large and small firms. We measure overall and
category-specific experience as the number of compounds with which the firm was involved as an
originator or a licensee during our observation period. This variable captures several dimensions of
experience that may affect productivity. Within a firm, learning-by-doing may produce general skills and

category-specific skills in designing and managing trials. Experienced firms may develop better

approval.



relationships with the clinicians who conduct the trials and with regulators who evaluate them, which
may allow them to run trials more efficiently and avoid errors. The total experience measure will be
highly correlated with firm size and hence with other possible advantages of scale, such as spreading the
fixed costs of capital equipment or information systems over a greater number of drug candidates.
Further, large firms that can fund R&D from retained earnings may face a lower cost of capital than
smaller firms that rely on external financing from private or public equity markets or alliances with larger
firms (Mayers and Majluf, 1984). Thus, to the extent that our experience measure is correlated with size,
it may capture more traditional scale effects in addition to pure experience effects.

A second and related focus of this paper is to describe the rich landscape of alliances between
small and large firms, at different stages of drug development, and to examine the impact of alliances on
R&D success rates. New technologies for drug discovery -- including applied microbiology, genomics,
high throughput screening, combinatorial chemistry, and bioinformatics (see for example, Carr, 1998)
have revolutionized the methods of drug discovery and the types of drugs that emerge. Small firms have
played a key role in developing these new technologies, but most small firms ultimately try to generate
products rather than rely on royalty revenues from out-licensing their technologies. These small firms
often develop drug leads and then out-license these leads to large pharmaceutical firms, who then take the
drug candidates through lead optimization, development and clinical trials, and ultimately regulatory
approval. For example, the 20 largest pharmaceutical firms signed an average of 1.4 alliances per year
with a biotech company during 1988-1990, but 5.7 such alliances per year in 1997-1998.> One rationale
for these alliances is that the experience of large firms in drug development adds sufficient value to offset
the costs of operating the alliance (Nicholson, Danzon, and McCullough, 2002). We test the hypothesis
that alliances do in fact enhance success probabilities, presumably because the large licensing partner has
more experience than a small originator firm. Given the maturing of the first generation biotech

companies into fully integrated firms and the increasingly important role of the smaller, discovery-

? Recombinant Capital RDNA Database.



focused biotech companies, estimates of R&D success rates and productivity of pharmaceutical R&D
must include these smaller firms and the increasingly important role of alliances.

Our data set contains information on over 1,900 compounds under development in the US by over
900 firms between 1988 and 2000. In principle, the data set includes the universe of drugs in
development in the US, but in practice the data are incomplete, as discussed below. Nevertheless, this is
one of the most comprehensive databases available on drugs under development in the US. We observe
whether a compound successfully completes phase 1, phase 2, and phase 3 clinical trials, characteristics
of the drug (i.e., therapeutic category and number of indications), the name of the company that originated
the drug and the name of the companies that in-licensed the drug, if any. We use these data to calculate
each firm’s experience, overall and by therapeutic category. We use a logistic regression to estimate how
drug and firm characteristics affect the likelihood that a drug will successfully complete each phase of
clinical trials.

We find that success probabilities vary systematically across therapeutic categories and that these
probabilities are negatively correlated with mean sales by category. Simple models of entry or of optimal
allocation of a firm’s R&D budget across drug candidates suggest that the profit- maximizing firm would
be willing to accept a relatively low R&D success probability when expected sales, conditional on
reaching the market, are large. Our findings are consistent with such dynamic entry.’

For phase 1 trials, which focus on safety and are relatively straightforward, returns to experience
are statistically significant but economically small. However, for the larger and more complex late-stage
trials that focus on efficacy, we find evidence of large, positive, and diminishing returns to a firm’s
overall experience (across all therapeutic categories). There is some evidence that a drug is more likely to
complete phase 2 if developed by firms with considerable therapeutic category-specific experience and by

firms whose experience is focused rather than broad (diseconomies of scope). Although a major reason

3 Dranove and Meltzer (1994) find that important drugs, whether defined by size of potential market or therapeutic
novelty, are developed faster. This is further evidence that R&D outcomes are to some extent endogenous.



given for recent horizontal mergers between large pharmaceutical firms has been the potential for
economies of scale and scope in R&D, we find no evidence that scale improves productivity beyond a
threshold size.

Our results confirm that alliances with large firms increase the probability of success in clinical
trials for drugs originated by small firms. Thus unlike Pisano (1997), we find no evidence of a “lemons”
problem in biotech outlicensing. Specifically, the positive benefit from collaboration with a more
experienced partner appears to dominate any moral hazard effect that might result from the sharing of
gains in alliances, and any lemons or adverse selection effects. We find no evidence that large
pharmaceutical firms put less effort into in-licensed compounds than compounds that they develop
internally, as the biotechnology firms sometimes allege. On the contrary, large firms have higher success
rates on compounds that they in-license than on compounds that they originate in-house. This is
consistent with DiMasi (2001) and Arora, Gambardella, Pommolli, and Riccaboni (2000), but not Pisano

(1997).

Determinants of Pharmaceutical and Biotech R&D Productivity: Theory and Previous Literature
Henderson and Cockburn (1996) use up to 30 years of data on the inputs (research spending) and
outputs (patents) of pharmaceutical research programs to test for returns to scale and scope in drug
discovery/research and knowledge spillovers within and between firms. Their sample includes 10 U.S.
and European pharmaceutical firms of different sizes, which collectively accounted for 25 percent of
worldwide pharmaceutical research. The dependent variable is the number of important patents filed by
a research program (e.g., depression, anxiety). They define overall scale as a firm’s total research
expenditures, scale at the research program level as research expenditures in that particular program,
scope by the number of research programs in which a firm spent $500,000 per year or more on average,
and the “focus” of a firm’s research by a Herfindahl index of research expenditures across all research

programs within a firm. For drug discovery, they find evidence of returns to scale at the firm level but not



at the research program level: a research program’s patent output does not increase with program
spending but does increase with the firm’s total research spending (across all programs). Firms with
diversified research programs also appear to file more patents, providing support for returns to scope.
They also find evidence of knowledge spillovers within firms between related research programs
(programs within the same therapeutic category), and between firms with the same and related programs.

Cockburn and Henderson (2001) extend their earlier work to examine scale and scope economies
in the development or clinical testing phase of R&D, which follows compound discovery. Using the
same data set of 10 pharmaceutical firms as in Henderson and Cockburn (1996), they measure scale as the
firm’s total development expenditures and scope as the number of research programs in which the firm
allocates an average of at least $1 million per year. Their unit of observation is a development project
that has entered human trials (phase 1), and the dependent variable is one if the project produced a new
drug application to the FDA, and zero otherwise. They find evidence of returns to scope in development
and returns to experience within a therapeutic category, but no evidence of overall scale economies.
When firm fixed effects are included, however, the coefficient measuring economies of scope becomes
statistically insignificant, which raises the possibility that firm-specific strategies, rather than breadth of
development activities, explain the differential success rates. Neither of the two studies cited above
examine the role of alliances in R&D productivity.

In theory, there are several reasons why firms may enter into alliances and hence why alliances
may affect the observed outcome of clinical trials (see Kogut, 1988, for a summary). First, simple theory
of exchange and contracting over property rights predicts that an originator firm will out-license a drug
and pursue drug development with a partner if the expected benefits exceed the transactions and other
costs of licensure. If co-development alliances serve to pool experience and transfer rights to firms with
greater expected productivity than the originator firms, alliances should have a positive effect on success

probability. The gains-from-trade effect of alliances would likely be greatest for relatively inexperienced



firms, for later stage trials that are more complex (phases 2 and 3), and in alliances with relatively
experienced firms.

There is evidence that some biotech firms enter alliances to raise capital and to send a signal to
the public and private capital markets that its management and science are high quality (Nicholson,
Danzon and McCullough, 2002). If alliances are undertaken for this reason alone, there may be no impact
on the likelihood of advancing in clinical trials.

A negative effect of alliances is also possible if there are significant moral hazard effects, since
the each party’s cost of effort is fully internalized whereas the returns to effort are shared with the alliance
partner. The moral hazard disincentive may be more problematic on early-stage deals (preclinical and
phase 1) because the originating company typically receives only about 10 percent of gross sales as a
royalty. However, since this moral hazard risk is obvious, the parties to an alliance typically structure the
contract and monitoring systems to deter such behavior. Potential moral hazard may be further mitigated
by reputation and other positive spillover effects that accrue to small and large firms that collaborate
successfully in bringing a drug to market.

A third -- not mutually exclusive -- theory of alliances is the lemons theory articulated by Pisano
(1997), which posits that any potential positive gains from trade are swamped by the negative selection
effect, whereby small firms out-license their least promising compounds and develop their more
promising candidates independently. This is allegedly possible due to asymmetric information in the
market for deals; the out-licensing firm is assumed to know more about a compound’s true quality,
including success probability, than the in-licensing firm. With asymmetric information, firms would have
incentives to out-license their least promising compounds only. Such asymmetric information and
resulting lemons effect is more likely in early-stage deals (preclinical or phase 1) than in later-stage deals
signed after the phase 1 information on a drug’s safety becomes publicly available. Thus, the lemons
hypothesis predicts a negative effect of co-development on a drug’s probability of success in clinical

trials, particularly for phase 1 trials. A market for deals could still exist if the price of deals is
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appropriately adjusted downward to account for this adverse selection risk faced by the in-licensing
firm, and if contracts are structured to minimize selection incentives, such as by back-loading most of the
out-licensing company’s payments until the drug has been approved.

The empirical evidence on the impact of drug development alliances is mixed. Lerner and Tsai
(2000) find that alliances formed when it is difficult for biotechnology companies to raise public and
private equity assign most of the property rights to the licensing firm, and these alliances are less likely to
generate an approved drug than alliances signed in periods of more favorable financing. Arora ef al.
(2000) and Nicholson, Danzon, and McCullough (2002) conclude that drugs developed in alliances are
more likely to advance in clinical trials than drugs developed by the originating company, while Pisano
(1997) comes to the opposite conclusion using a smaller and older data set. None of the above studies
examine whether the performance of alliances varies according to the experience of the originating and

licensing companies.

Hypotheses

This paper tests the following principal hypotheses with respect to the effect of firm experience
and alliances on R&D productivity. These are elaborated below:

1. If experience increases R&D productivity, we expect success probabilities to be positively
related to firm experience, as measured by the number of compounds with which the firm was involved as
an originator or licensee during our observation period. We test for differences between total and
category-specific experience. These variables may reflect accumulated technical skills, learning-by-doing
in the management of trials, formation of relationships with clinicians and/or regulators and — particularly
for total experience — scale economies such as spreading the fixed costs of information systems and
capital equipment. We test for non-linear effects, since diminishing returns to such economies of scale
seem plausible, due to the increasing management challenges of operating very large research

establishments, including motivating scientists. We also test for experience-based economies of scope,
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measured by a Herfindahl index of the dispersion of the firm’s experience across different therapeutic
categories.

2. If alliances on balance increase R&D productivity (that is, any negative lemons and/or moral
hazard effects are dominated by positive gains from collaboration), success probabilities are expected to
be higher for compounds that are co-developed. We expect these gains from trade to be greater for
alliances between an inexperienced firm and a more experienced firm than for alliances between two
relatively experienced firms. Productivity gains are also expected to be greater for the more complex

phase 2 and phase 3 trials than for simple phase 1 trials.

Data

Our principal data source is the R&D Insight database from Adis International. Adis has
collected information on 1,910 compounds that were under development by pharmaceutical and biotech
firms in the United States between 1988 and 2000, with most of the observations occurring after 1994.
The dataset contains information on characteristics of the compound, including the therapeutic category
or categories (e.g., cardiovascular, central nervous system) and the indication(s) the drug is intended to
treat (e.g., colon cancer, anxiety). The 13 different therapeutic categories are based on the World Health
Organization’s (WHO) typology. Sample means and standard deviations are presented in Table 1,
separately by development phase.

Our unit of analysis is a specific indication for which a drug is being developed, rather than a
drug or development project. Since the FDA requires clinical trial evidence to establish efficacy for each
indication for which a drug is approved, separate trials are usually required for each indication. Thus an
indication represents the most disaggregated unit of R&D output. A further advantage of analyzing
performance separately by indication is that alliances between companies sometimes cover some but not
all of a compound’s indications. If a drug is successful for one indication, a firm may be more likely to

initiate clinical trials for additional indications. We therefore include in our regression analysis the
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number of indications for which a drug is or has been tested, as a proxy for this unmeasured quality of
the compound. In our database, phase 1 drugs were developed for 3.4 separate indications, on average,
phase 2 drugs for 3.1 indications, and phase 3 drugs for 3.0 indications. In the Adis database, each
indication for which a compound is being developed is coded as being in the same therapeutic category.
We report robust standard errors to control for correlation of unobserved characteristics across indications
for a given compound.

Using indication as the unit of observation differentiates our analysis from Cockburn and
Henderson (2001) and Henderson and Cockburn (1996), who analyze output at the level of an entire
development project or research program, which may consist of multiple compounds, each for multiple
indications. Hereafter we use “compound” to refer to the molecule and drug, and indication to refer to a
condition the compound is intended to treat.

We measure overall experience (Total Experience) at the firm level by the total number of
compounds a firm was involved with, either as an originator or a licensee, during our 1988 to 2000
sample period. This experience measure includes compounds in both preclinical and clinical stages
because we believe that preclinical experience can potentially inform the conduct of the three stages of
human clinical trials that are the focus of our analysis. In some specifications we classify firms as small,
medium, or large, in place of the continuous Total Experience measure. A small firm is defined as one
with three or fewer compounds in development during the sample period, a medium-sized firm as one
with between four and 24 compounds in development, and a large firm as one with 25 or more
compounds in development. There are 961 firms in our sample, of which 776 are small, 163 medium-
sized, and 22 are large by these criteria. Some specifications include fixed effects for the 22 large firms.
Controlling for experience and therapeutic class of the compound, these firm fixed effects test for firm-
specific drug development proficiencies.

In the Adis database firm names are updated to reflect merger and acquisition information. Thus

our measures of industry structure and firm-specific experience reflect the experience at the end of our
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sample period (2000), not the contemporaneous experience. A drug that was originated in 1992 by
Upjohn, for example, will be credited to Pharmacia, reflecting the 1996 merger between Pharmacia and
Upjohn. Although this could introduce some measurement error in our measure of firm experience, the
effect should be small because 83 percent of the observations in our analysis are from the 1996-2000
period. Since many of the large mergers occurred prior to 1996, the current company names are
appropriate for the majority of our observations. We note below where the estimated effects of
experience may be biased for the largest firms, since measurement error in experience is likely to be
greatest for large firms formed through mergers.

In order to examine whether therapeutic category experience matters, conditional on a firm’s
overall experience, we define therapeutic category-specific experience (Therapeutic Experience) as the
number of compounds a firm has originated or in-licensed in the therapeutic category of interest. If
multiple therapeutic categories are reported for a given compound, the firm’s maximum experience across
these therapeutic categories is assigned for that compound. Therapeutic and Total Experience are highly
correlated (correlation of 0.78), which may make it difficult to precisely estimate each effect separately.

We use a Herfindhal-Hirschman index (HHI) to measure experience-based economies of scope
(Scope). Specifically, a firm’s Scope measure is the proportion of its total number of compounds
accounted for by each therapeutic category, squared and summed across all therapeutic categories in
which the firm is active. Thus small firms that focus their activity in a small number of therapeutic
categories have an HHI measure close to one. When two or more companies are jointly developing a
compound, we assign the experience and scope measures of the more experienced firm to the compound,
assuming that the larger firm is likely to take on greater responsibility in managing the clinical trials
(Lerner and Merges, 1998). Our experience and scope measures are on based on numbers and
distributions of compounds, whereas Cockburn and Henderson (2001) measure scale as the firm’s total
R&D expenditures or the R&D expenditures in a particular development project, and scope as the number

of development projects with average annual R&D expenditures in excess of $1 million. Since we do not
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have data on expenditures, we unfortunately cannot compare the predictive performance of these two
approaches to measuring scale and scope.

In order to test for the effects of alliances, we create an indicator variable (Alliance) that equals
one if two or more firms were involved in the development trials for that indication.* This variable is
phase-specific and includes only alliances that were formed prior to the conclusion of the development
phase of interest, in order to avoid the potential for endogeneity bias that could result if more successful
projects are more likely to be subject of deals.” We interact the alliance indicator variable with the
experience of the originator firm and the licensee to test whether the effect of alliances varies by
experience of either party.

Estimating the effects of alliances on R&D success requires caution because alliances are formed
by choice. In a well-functioning market for alliances, firms would partner and collaborate on products
where the gains from trade are likely to be highest and skill sets are most complementary. On the other
hand, if information is asymmetric, small firms may take advantage of their superior knowledge to out-
license their least promising candidates (Pisano, 1997). If either positive or negative sorting occurs based
on unobserved (to the econometrician) drug characteristics, then our estimate of the effect of an alliance
on the likelihood a drug will advance in clinical trials may not be the true causal effect of an alliance. We
control for this to the extent possible by including the therapeutic category of the indication in question.
Nevertheless, our results should be interpreted as estimating the effect of an alliance, conditional on its
occurrence prior to the phase under study.

Firms may differ in the quality of their drug candidates and in how rigorously they evaluate the

likelihood each drug will succeed in clinical trials prior to beginning the first clinical trial (phase 1). On

* The alliance variable is set equal to one if the database lists a licensee or two or more originators. When the
database lists two or more originators but no licensee, we assume the company with the smallest number of drugs in
development during our sample period is the originator and the larger firm is the licensee, because it is much more
common for small firms to outlicense to large firms than vice versa. When more than one licensee is listed, we
assign licensee status to the largest firm.

° We use data from three databases, Adis’ R&D Insights, Windhover and Pharmaprojects, to determine the date of
deals.
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the one hand, it is often argued that small firms that are under pressure to provide results in order to

raise external funds are more likely to take a compound into clinical trials than larger firms that typically
use retained earnings to fund their R&D. On the other hand, it is also argued that researchers in large
firms act as champions for their own compounds and that this may lead to less rigorous and/or less
objective scrutiny than the scrutiny of external markets that is applied to the compounds of small firms
that rely on external funding. In order to measure the unobserved quality of a compound due to a firm’s
capabilities and/or its stringency in selecting compounds to take into clinical trials, we calculate for each
firm a variable called Screening Ratio, defined as the number of compounds a firm takes into clinical
trials divided by the sum of the compounds in clinical trials plus preclinical compounds that do not enter
trials.® The Screening Ratio can range from zero to one. Firms that set higher standards in selecting the
compounds that they take into clinical trials would be expected to have higher success rates in the clinical
trials, assuming no systematic differences across firms in the quality of compounds evaluated in the
preclinical phase. In this case Screening Ratio would be inversely related to success probability, under
the hypothesis that a low screening ratio implies relatively strict review criteria prior to human trials,
hence high unobserved “quality”. It is also possible that firms don’t vary systematically in the expected
success probability they require to take a compound into clinical trials. In that case, a low Screening Ratio
would indicate that a firm’s preclinical drugs are of poor quality, but this would be uncorrelated with the

success probability of drugs that are taken into clinical trials.

Methodology
We perform a series of logistic regressions to analyze the determinants of R&D productivity,
where the dependent variable is one if a compound successfully completes a phase for a particular

indication, conditional on starting that phase, and zero if the trial for that indication is discontinued. Our

% Drugs in the preclinical stage after 1998 are not included when calculating the screening ratio variable because we
don’t observe these drugs for a long enough time to conclude they will never begin clinical trials.
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sample consists of 2057 observations for phase 1, 1275 observations for phase 2, and 861 observations
for phase 3.”

The data suffer from both left- and right-hand censoring. Left-hand censoring occurs, for
example, if we observe that a phase 2 trial was initiated for a particular indication but we have no
information on the phase 1 trial. In this situation we include the observation in the phase 2 regression
(and the phase 3 regression if the phase 2 trial is successful), but exclude it from the phase 1 regression.
If we instead imputed a successful phase 1 trial and included this observation in the phase 1 regression,
our advancement probabilities would likely be biased upward due to survival bias. It is reasonable to
assume that the Adis database tracks a larger percentage of the universe of later-stage trials than early-
stage trials because late-stage trials are more likely to be discussed at public conferences and by
investment analysts. If this is the case, then drugs that are discontinued in the preclinical or phase 1 stage
are less likely to be included in the database than drugs that complete phase 1. By including a drug only
when we observe that it begins a development stage, we mitigate the potential survival bias that could
result from such incomplete reporting. Since the FDA requires the filing of an Investigational New Drug
(IND) application before a drug can enter human clinical trials, the data should be reasonably complete
for drugs that make it into human clinical trials.

Right-hand censoring occurs when we do not observe whether an indication completed a phase
successfully or was discontinued. Rather than eliminating these observations from the regressions, we
assume that an indication failed if it remained in a phase, without any further reported events, for more
than a threshold value, defined as the maximum number of years observed for completion of each phase
in the non-censored sample. These thresholds are 5 years for phases 1 and 3, and 6 years for phase 2. For
example, if an indication entered phase 1 or 3 before 1996 and no further action is reported by 2000, we

assume that it failed and code the dependent variable as a zero. Indications that entered those phases in

7 The data on dates of various events related to a drug’s development -- including when a company initiates,
completes or terminates a development phase for an indication, or receives FDA approval— are incomplete, hence
the available sample size was too small to examine the time to completion using a hazard model.
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1996 or later and contain no additional information are excluded from our regression analysis. We

apply the same procedure to indications in phase 2 using 1995 as the threshold.

Results

We begin by examining the extent to which development success rates vary across therapeutic
categories. In Table 2 we report coefficient estimates from separate logit regressions for phase 1, phase 2,
and phase 3, where the only regressors are therapeutic category indicator variables. Since the therapeutic
categories are not mutually exclusive -- a compound can target multiple therapeutic categories -- all 13
therapeutic category indicators are included in the regressions. Coefficients are therefore interpreted as
deviations from the overall average across all therapeutic categories.

The predicated probability that an indication will advance differs from the overall average for
three of the 13 therapeutic categories in phase 1, six of the therapeutic categories in phase 2, and seven of
the therapeutic categories in phase 3. There is considerable variation across therapeutic categories in the
likelihood of succeeding. For example, the predicted probability that an indication will be approved by
the FDA, conditional on starting a phase 3 trial, ranges from 0.53 for central nervous system drugs to 0.89
for hormone preparations. The fourth column of Table 2 reports the predicted probability that the FDA
will approve an indication, conditional on starting phase 1. This value is obtained by multiplying the
three phase-specific predicted probabilities of success for each therapeutic category from the regression
estimates. Drugs for respiratory indications have the lowest predicted probability of being approved
(0.30) whereas hormone preparations have the highest predicted probability (0.78).

Our indication-specific predicted probabilities of approval, conditional on entering human trials,
are somewhat higher than the 0.20 probability across all therapeutic categories that DiMasi (2001)
estimates using the Tufts CSDD data. This discrepancy probably results because our unit of observation
is a specific indication or condition, whereas DiMasi’s unit of observation is the first indication for a new

chemical entity (NCE). As discussed earlier, if companies are more likely to target multiple indications
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for those compounds that have either already been approved or have a relatively high probability of
being approved, then overall success probabilities will be higher for our measure based on all indications
than for the first indication of a new compound. In our regression analysis below we include the number
of indications a drug is targeting. The predicted sign of this variable is positive if the number of
indications is correlated with the unobserved “quality” of a compound. The coefficient is expected to be
larger in phase 1 than in phase 2 or phase 3 because the safety properties that are established in phase 1
are likely to be highly correlated across multiple indications for a compound, whereas efficacy (the
objective of phase 2 and phase 3) is less likely to be correlated across indications.

If the pharmaceutical industry is subject to dynamic competition with few barriers to entry, we
would expect firms to invest in R&D until the expected return is equalized across therapeutic categories
and is equal to the risk adjusted cost of capital. The significant and large differences in success
probabilities across therapeutic categories in Table 2 might seem inconsistent with this model of
competitive entry unless there are offsetting differences across categories in costs of clinical trials or in
expected revenues, conditional on reaching the market. In Figure 1 we plot the predicted probability that
a drug will be approved in each therapeutic category, conditional on entering clinical trials (from column
4 of Table 2), versus the market size of that therapeutic category, as measured by 1991 worldwide sales.
Sales in 1991 are a reasonable proxy for expected sales at the time compounds entered preclinical
activity, since most of the compounds in our sample were in discovery testing in the early 1990s. In
Figure 1 the correlation between the probability that a drug will reach the market and sales in the
therapeutic category is —0.50. Indications targeting relatively large categories (e.g., respiratory therapy,
central nervous system, alimentary, and cardiovascular) have relatively low predicted success
probabilities. This evidence, that firms appear to be willing to develop drugs with a lower probability of
success in therapeutic categories with greater sales potential, is consistent with the hypothesis of dynamic
competition. Firms also appear to be willing to invest more to develop drugs with relatively large sales

potential. The correlation between average R&D spending per development project by therapeutic
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category, reported in Cockburn and Henderson (2001), and 1991 worldwide sales by therapeutic

category is 0.32. Competition may, therefore, eliminate expected rents across categories on both the
intensive margin (willingness to spend more per drug program) and on the extensive margin (willingness

to take on riskier conditions/drugs).

The Prevalence and Pattern of Development Alliances

Development alliances are quite common, and occur for the majority of compounds by the time
they reach phase 2 and 3. In Table 3 we report the number and percentage of indications that are out-
licensed, by experience of the originator, experience of the licensee, and development phase. Forty-nine
percent of the indications in phase 1 were developed in an alliance, and large firms were almost as likely
as small and medium-sized firms to form an alliance. There does not appear to be a strong pattern
regarding the size of the originator and licensee in the phase 1 alliances; small firms often form alliances
with other small firms (112 indications in panel A of Table 3), and large firms sometimes form alliances
with small firms (84 indications in panel A of Table 3).

For phases 2 and 3, a larger percentage of indications are co-developed and a clearer pattern
emerges of medium and larger firms being the licensees. Fifty-five and 62 percent of phase 2 and phase 3
indications, respectively, are co-developed. In phase 3, large firms in-license almost as many indications
as small and medium firms combined, even though there are only 22 large firms in the data set (out of
961). These findings are consistent with conventional wisdom that small firms often have the skills and
resources necessary to do the relatively small phase 1 trials, but are more likely to seek a large
pharmaceutical partner for the larger, more complex and more costly phase 3 trials. The evidence below
on returns-to-experience confirms that these returns are relatively large for late-stage trials.

As shown in Table 3, large firms out-license a smaller percentage of indications than small and
medium-sized firms, and this difference is greater for phase 3 compounds than for earlier phase

compounds. Large firms are more likely to out-license to other large or medium size firms than to small
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firms. The theories of alliances we described previously cannot explain why large firms would ever
out-license, since they presumably have greater experience and lower financing costs than small- and
medium-sized firms. There are several possible reasons why large firms engage in a considerable amount
of out-licensing. First, due to the stochastic nature of drug R&D, a large firm may find itself with more
potential compounds ready for development than can be accommodated by its in-house personnel. The
firm may choose to handle this temporary excess by out-licensing. Second, large companies typically
retain for in-house development only those compounds that exceed some minimum threshold of expected
sales. If their discovery efforts produce compounds with expected sales below this threshold, they may
choose to out-license these compounds to smaller companies that have lower expected sales thresholds.
Third, even a large firm may out-license compounds with very large market potential in order to share the
marketing expense and/or diversify its risk on the very large marketing investment required.

The first and second of these hypotheses might weakly predict that large firms would be more
likely to out-license their compounds that have a lower probability of success. The third motive -- risk
and cost sharing on large products -- might predict higher success probability for compounds that are out-
licensed by large firms. Medium-sized firms presumably experience a blend of the factors that affect
small and large firms, depending on their experience, on the stochastic shocks that affect their balance
between resources/capacity and drugs entering development, and on their underlying strategies. The
medium-size category includes firms that pursue very different business models and strategies, including:
mature biotech firms that are fully integrated and have strong internal R&D as well as marketing
capabilities (e.g., Amgen or Biogen); “specialty” companies that do not conduct discovery research but
in-license niche products that are targeted at small markets that may not be of interest to large firms (e.g.,
Forest Laboratories); and some fully integrated foreign firms (e.g., Takeda and Celltech). We discuss the

effect of alliances on success probabilities below.

Experience-based Economies of Scale and Scope
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We first examine whether there is evidence of experience-based economies of scale and scope
in drug development. We include two measures of experience: Total Experience is a count of the total
number of compounds the firm developed, either as an originator or as a licensee, during our 1988-2000
sample period, and Therapeutic Experience is the number of compounds the firm developed during our
sample period in the same therapeutic category as the drug being evaluated. Experience-based Scope is
measured using a Herfindahl index (HHI) of the squared shares of compounds in each therapeutic
category in which the firm is active. For each phase, the first logit specification reported in Table 4
(columns 1,3, and 5) includes Total Experience, its squared term, Scope, and Therapeutic Experience, but
not Screening Ratio (the percentage of a firm’s preclinical compounds that enter phase 1). The second
logit regression for each Phase (columns 2, 4, and 6) includes the Screening Ratio. The experience
measures might be subject to endogeneity bias if firms whose drugs are more likely to advance have more
drugs under development, for example, because these firms are more attractive as licensing partners.
However, since our experience measures include all compounds with which a firm was associated in both
preclinical and clinical trials, regardless of whether the compound failed or succeeded, such bias should
be minor.

The regressions in Table 4 indicate substantial returns to Total Experience for the more advanced
clinical trials (phase 2 and phase 3) but not for phase 1. In phase 1, there appears to be a convex
relationship between a firm’s total experience and the probability an indication will advance to phase 2
(column 1 and column 2). As depicted in Figure 2, the predicted probability that an indication will
advance if developed by a firm that has originated a single drug is 0.93. This predicted probability
declines gradually with experience until it reaches a minimum of 0.88 for firms that have developed 120
drugs, and then increases slightly thereafter. Therefore, the magnitude of the effect of experience on the
predicted probability an indication will complete phase 1 is small. Controlling for Total Experience,

category-specific Therapeutic Experience is not significant.
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In phase 2, by contrast, there is a concave effect of the originating firm’s Total Experience on
the likelihood of completing a clinical trial, and the magnitude of the impact is larger than in phase 1.
The coefficient on the linear Total Experience variable is significant and positive while the coefficient on
the quadratic term is significant and negative. The predicted probability of a phase 2 success for an
indication originated by a one-drug firm is 0.63 (see Figure 2). This predicted probability of a phase 2
success increases with the experience of the originator until it reaches a maximum of 0.80 with an
experience level of 100 drugs, and then decreases thereafter.® Therapeutic Experience is positive and
significant in phase 2 when we include the Screening Ratio variable to control for unobserved
characteristics of a compound that may affect its likelihood of succeeding in clinical trials (column 4).
The predicted probability that an indication will complete phase 2 increases by about 0.3 percentage
points (on a base of 78.0) for each additional compound the firm has developed in that therapeutic
category.

For phase 3 (columns 5 and 6 of Table 4), Total Experience and its squared term are jointly
significant, and there appears to be a slightly concave effect of experience, as in phase 2. The predicted
probability that an indication will complete phase 3, conditional on beginning that phase, if the
originating firm developed 10 drugs during our sample period is 0.40, versus 0.68 for a firm that
developed 150 drugs. Thus Total Experience appears to become more important in each development
stage. By contrast, there is no evidence of returns to Therapeutic Experience in Phase 3.

Our findings, that a firm’s experience in R&D does not substantially affect the likelihood that an
indication will complete phase 1 but has a considerable effect in phase 2 and phase 3, are consistent with
conventional wisdom: small firms are able to perform the relatively small and simple phase 1 trials for
safety whereas experience matters for the larger and more complex phase 2 and 3 trials, which require
perfecting the dosage and establishing statistical evidence of efficacy in large patient samples. Firms that

have performed more phase 2 and phase 3 trials appear to be more successful at subsequent phase 2 and
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phase 3 trials. Thus, success in a late-stage trial provides a more robust measure of the quality of the
compound and/or the development expertise of a firm than a phase 1 success. The decision to enter a
phase 3 trial, for example, implies not only that the phase 2 trial produced good evidence of safety and
preliminary evidence of efficacy, but also that the economic evaluation of the drug is sufficient to warrant
making the much larger investment in phase 3 trials. Thus, success in phase 2 is a more important
measure of clinical potential than success in phase 1, and success in phase 2 also implies significant
economic potential.

The finding that experience has a positive effect on the probability that an indication will
complete phase 2 and phase 3 trials is consistent with the evidence from alliances in Table 3, that smaller
firms are more likely to seek out partners for phase 2 and 3 trials than for phase 1. This is confirmed by
the estimated effect of these alliances in Table 4. Co-developed indications are no more likely to
complete Phase 1 than drugs that are developed independently by the originating company (column 1 of
Table 4). However, indications developed in an alliance are significantly more likely to complete phases
2 and 3 than indications developed independently, and the marginal impact of an alliance is higher for
phase 3 than phase 2. In phase 2, the probability a co-developed indication will advance is 6.8 percentage
points higher than an indication that is developed by its originating company (0.830 versus 0.780) for a
firm and indication with the sample mean characteristics. For phase 3, co-developed indications have an
11-percentage point higher (0.681 versus 0.569) predicted probability of advancing. Almost two thirds
(62.1 percent from Table 3) of indications are under co-development by phase 3, and the majority of
licensees for phase 3 are medium or large firms.

Controlling for Total and category-specific Therapeutic Experience, we find no evidence of
returns to scope or diversity, as measured by the HHI of a firm’s experience across therapeutic categories,
for phase 1 or phase 3. When we control for unobserved drug characteristics with Screening Ratio, we do

find evidence of negative returns to experience-based scope in phase 2. In other words, firms that focus

¥ Since there are only two firms in our sample that developed more than 160 drugs between 1988-2000, we cap
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their research efforts on a smaller number of therapeutic categories, and thus have a relatively high

HHI measure, are more likely to have their indications complete phase 2. A one standard deviation
increase in Scope is associated with a 3.8 percentage point increase in the likelihood that an indication
will complete a phase 2 trial. Cockburn and Henderson (2001) find significant evidence of economies of
scope but no evidence of economies of scale in drug development over the entire three development
phases. These two sets of findings are not necessarily inconsistent because they pertain to different
samples, different time periods and different measures of scale, scope and success. Cockburn and
Henderson (2001) use a sample of 10 firms for 1960-1990, their measures of scale and scope are dollar
outlays, their measure of success is the probability a drug was approved by the FDA conditional on
starting phase 1, and they do not control for alliances. Our sample of almost 1,000 firms includes many
more observations on firms in the small- and medium-size range where returns to experience are likely to
be most important.

In Table 4, the number of conditions for which a drug is being developed is significantly positive,
consistent with the hypothesis that multiple indications are more likely to be pursued for drugs that have
already succeeded or are likely to succeed. This effect is greater for phase 1 than for phases 2 and 3, as
expected if the probability of showing efficacy (phases 2 and 3) is less strongly correlated across
indications for a given molecule than the probability of showing safety (phase 1). The coefficient on
Screening Ratio is positive and significant for phase 2 and phase 3; firms that initiate phase 1 trials for
relatively large proportion of their preclinical drugs are more likely to experience phase 2 and phase 3
successes. This suggests that this variable is measuring unobserved characteristics of a compound rather
than different stringency levels of firms’ internal review processes.

The next question we explore is whether large pharmaceutical firms differ in their productivity,
conditional on their total experience and the scope of their development activity. In Table 5 we report

coefficient estimates of logit regressions that include a vector of firm fixed effects for the 22 firms with

experience in Figure 2 at 160.
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25 or more drugs under development during the sample period. The reference group for the firm
coefficients is thus firms with 24 or fewer drugs under development during the period. We interact Total
Experience and the quadratic experience term with an indicator variable if the firm developed 25 drugs or
more to allow experience to have a different effect for small versus large firms.’

There is very little difference across firms in performance in phase 1. Adding firm fixed effects
does little to improve the fit of the phase 1 regression (column 1 of Table 5 versus column 1 of Table 4).
Only one of the 22 firm coefficients is significantly different from zero and the firm effects are not jointly
significant. The experience coefficients for relatively small firms are insignificant when firm fixed
effects are included for the largest firms.

The firm fixed effects in phase 2 are jointly significant (column 2 of Table 5) and 13 of the 22
firm coefficients are significantly different from zero at the 10-percent level. The predicted probability
that an indication will complete phase 2 varies by 11 percentage points among the 13 firms that have
significant firm fixed effects. The coefficient on the linear Total Experience term is negative, suggesting
that there are negative returns to experience among small and medium-sized firms (firms that have
developed fewer than 25 drugs during our sample period). By contrast, returns to experience in phase 2
are positive when the entire range of firms is used to identify the relationship.

Firm fixed effects are also significant in phase 3. The pseudo R of the logit regression increases
substantially (from 0.13 in column 5 of Table 4 to 0.20 in column 3 of Table 5) when the firm fixed
effects are included in the phase 3 regression. The firm fixed effects are jointly significant and five of the
22 firm indicators are significantly different from zero. The predicted probability that an indication will
complete a phase 3 trial spans a much wider range than for phase 2, from 0.71 to 0.94 among the five
firms with significant coefficients. As in phase 1, the Total Experience measures become insignificant

once we control for firm fixed effects, which suggests there are no systematic returns to experience

’ The specifications in Table 5 omit Screening Ratio because it is highly correlated with some of the firm-specific
coefficients.
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among the sample of firms with medium and low experience. Only a few of the other coefficients
change substantially when we include firm effects: the Scope variable is no longer significant in phase 2

and the Alliance variable is about 20 percent smaller in phase 3.

Effect of Alliances

We next explore in more detail whether indications that are co-developed in alliances are more or
less likely to advance in clinical trials than indications developed in-house by the originator firm, and
whether the impact of an alliance varies with the experience of the originator and licensee firms. In Table
6, the first specification for phases 1, 2 and 3 trials (columns 1, 3 and 5 respectively) include indicator
variables for indications originated by small and medium-sized firms (large firms are the omitted
group).'’ Three separate indicator variables are included that equal one if a small, medium, or large firm
forms an alliance on an indication. The second specification (columns 2, 4 and 6) tests whether the
outcome of an alliance depends on the size/experience of the licensee as well as the size/experience of the
originator, by interacting the alliance indicator variables for small and medium-sized firms with indicators
for small and large licensees (medium-sized licensees are the omitted group). All equations also include
indicators for an indication’s therapeutic category and the number of conditions for which the drug is in
trials.

For phase 1 (column 1), the estimated effects of co-development are significantly negative for
small firms but insignificant for medium-sized firms. For small firms, the coefficient on co-development
of —0.546 suggests that the compounds small firms out-license are significantly less likely to complete
Phase 1 than compounds they develop on their own. This result may support the hypothesis that
asymmetric information allows small companies to dump their “lemons” on unsuspecting partners

(Pisano, 1997). Alternatively, small firms may invest less time in a partnership due to moral hazard.

' We define small firms, or firms with relatively little experience, as those that developed three or fewer compounds
in our data set, medium-sized firms between four and 24 compounds, and large firms 25 or more compounds.
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However, controlling for the experience of the licensee (column 2) shows that this potential
lemons or moral hazard problem does not apply to alliances between small originators and large firms.
The predicted effect of an alliance between a small originator and a large licensee is the sum of the —0.886
and 0.885 coefficients, which is not statistically different from zero. One possible explanation for this
result is that large firms have sufficient experience in evaluating and managing deals to prevent a small
firm from dumping its low-quality compounds or shirking in alliances with large firms. Alternatively, it
may be the case that the value of a licensing partner is positive in phase 1 only if the partner is large.
These data do not permit us to distinguish between the selection bias and gains-from-trade explanations of
the difference between co-development with large medium licensees. The net effect seems to be that the
drugs that small firms out-license to large firms do as well as those the small firms develop on their own,
but the drugs they out-license to medium-sized firms are less likely to complete phase 1 than the drugs the
small firms develop on their own. The predicted probability that an indication originated by a small firm
will complete phase 1 if they form an alliance with a large firm is nine percentage points higher than if
they form an alliance with a medium-sized firm (0.924 versus 0.834). For compounds originated by large
firms, outlicensing has no significant effect on phase 1 success rates.

In phase 2 (column 3 of Table 6), indications that small firms out-license are more likely to
complete phase 2 than indications they develop on their own, in contrast to the phase 1 result, with no
significant difference by size of licensee. This is consistent with the hypothesis that larger, more
experienced firms have an advantage in running later-stage trials relative to smaller firms. Medium-size
originators gain from an alliance for phase 2 trials and this effect is greatest if the alliance is with a large
firm. This is further evidence that alliances add greatest value when the licensee is larger than the
licensor. For an indication from a medium-sized originator, the predicted probability of completing phase
2 is 25 percentage points higher if the firm forms an alliance with a large firm than if the indication is
developed in an alliance of two medium-sized firms (0.852 versus 0.604). These results generally support

the view that large, experienced firms are either competent at picking good drugs to in-license and/or
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competent at managing the alliances once they are formed and that these positive effects of alliances
dominate any moral hazard effects.

For phase 3 (columns 5 and 6), indications that medium and large firms originate and develop in
an alliance are more likely to complete phase 3 than indications these firms develop independently.
When we add originator-licensee experience interactions, alliances that medium-sized companies form
with medium and large firms appear to outperform alliances they form with small companies, but this
effect is significant at only the 12 percent level. The perhaps surprising finding of no significant effects
of alliances in phase 3 for indications originated by small firms, in contrast to the significant positive
effects in phase 2, may reflect the relatively small sample of indications that are originated by small firms
and enter phase 3 (178 enter phase 3 versus 322 that enter phase 2 and 635 that enter phase 1) and the
small percentage (only 30 percent) of these that the small companies are developing on their own. This
small sample makes the coefficient estimate imprecise. It may also be subject to biased selection, if small
firms choose to undertake phase 3 trials without a partner only on those drugs for which they either have
the necessary experience or are most confident in the quality of the compound.

The results for other variables are consistent with previous findings. For phase 1 and phase 2, the
Screening Ratio is positive, implying that firms taking a high percentage of their pre-clinical compounds
into human trials also have high success rates in early trials, but with no significant difference in phase 3
trials. This confirms previous evidence that Screening Ratio measures the unobserved quality of a firm’s

compounds, rather than the stringency of its selection criteria.

Conclusions

We examine whether success in biotech and pharmaceutical R&D varies according to the
category of the drug, the experience of the originator firm, whether the drug is developed in an alliance,
and the experience of the licensee. Our database reflects the experience of over 900 firms between 1988

and 2000, including many small and inexperienced firms as well as the large multinational companies.
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We find that success probabilities differ substantially across therapeutic categories. The significant
negative correlation between success probability and potential sales in a therapeutic category is consistent
with a model of dynamic, competitive entry. That is, firms appear to be willing to undertake projects with
lower probabilities of success in categories where the expected sales, if successful, are relatively large.

Experience, measured by the number of compounds with which the firm was involved, does not
appear to matter for phase 1 trials, which are small and relatively simple. However, for the larger and
more complex phase 2 trials, there are positive returns to total experience, up to a threshold; for phase 3
the results are qualitatively similar to phase 2 but are less precisely estimated. There is also evidence of
returns to category-specific experience and returns to scope or breadth of experience in multiple
therapeutic categories. However, these returns to scale and scope are not robust to including firm fixed
effects for the largest firms, which are jointly significant.

Products developed in an alliance tend to have a higher probability of success, at least for the
more complex phase 2 and phase 3 trials, particularly if the licensee is a large firm. Thus, the evidence on
effects of alliances tends to confirm the direct evidence from the economies of experience measures;
experience increases the probability of success for late-stage trials, whereas it is not necessary for the
simpler, phase 1 trials. These productivity-enhancing effects of alliances with large firms dominate any
lemons or moral hazard effects. Overall, these results suggest that the market for pharmaceutical R&D is
functioning reasonably well, with extensive entry by small firms and effective use of alliances, as a source

of both funding and expertise for small firms, and a source of products for large firms.



References

Arora, Ashis, Alfonso Gambardella, Fabio Pammolli, and Massimo Riccaboni, 2000, “The Nature and the
Extent of the Market for Technology in Biopharmaceuticals,” mimeo.

Carr, Geoffrey, 1998, “The Alchemists,” The Economist February 21, 1998.

Cockburn, Iain M., Rebecca M. Henderson and Scott Stern, 2000, “Untangling the Origins of
Competitive Advantage,” Strategic Management Journal 21: 1123-1145.

Cockburn, Iain M., and Rebecca M. Henderson, 2001, “Scale and Scope in Drug Development:
Unpacking the Advantages of Size in Pharmaceutical Research,” Journal of Health Economics 20(6):
1033-1057.

DiMasi, Joseph A., Ronald W. Hansen, and Henry G. Grabowski (2003), “The Price of Innovation: New
Estimates of Drug Development Costs,” forthcoming in Journal of Health Economics.

DiMasi, Joseph A., Ronald W. Hansen, Henry G. Grabowski, and L. Lasagna (1991), “Cost of Innovation
in the Pharmaceutical Industry,” Journal of Health Economics 10: 107-142.

DiMaisi, Joseph A., 2000, “New Drug Innovation and Pharmaceutical Industry Structure: Trends in the
Output of Pharmaceutical Firms,” Drug Information Journal 34: 1169-1194.

DiMasi, Joseph A., 2001, “Risks in New Drug Development: Approval Success Rates for Investigational
Drugs,” Clinical Pharmacology & Therapeutics 69: 297-307.

Dranove, David and David Meltzer, 1994, “Do Important Drugs Reach the Market Sooner?” Rand
Journal of Economics 25(3): 402-423.

Grabowski Henry G., and John M. Vernon, 1994, “Returns to R&D on New Drug Introductions in the
1980s,” Journal of Health Economics 13: 383-406.

Henderson Rebecca M., and Iain M. Cockburn, 1996, “Scale, Scope, and Spillovers: The Determinants of
Research Productivity in Drug Discovery,” Rand Journal of Economics 27(1): 32-59.

Kogut, Bruce, 1988, “Joint Ventures: Theoretical and Empirical Perspectives,” Strategic Management
Journal 9: 319-332.

Lerner, Josh and Alexander Tsai, 2000, “Do Equity Financing Cycles Matter? Evidence From
Biotechnology Alliances,” NBER Working Paper number 7464.

Lerner, Josh and Robert P. Merges, 1988, “The Control of Technological Alliances: An Empirical
Analysis of the Biotechnology Industry,” The Journal of Industrial Economics 46(2): 125-156.

Myers S., and N. Majluf, 1984, “Corporate Financing and Investment Decisions When Firms Have
Information That Investors Do Not Have,” Journal of Financial Economics 13: 187-221.

Nicholson, Sean, Patricia M. Danzon, and Jeffrey McCullough, 2002, “Biotech-Pharmaceutical Alliances
as a Signal of Asset and Firm Quality.” NBER Working Paper 9007, Cambridge, MA.



31
Pisano, Gary, 1997, “R&D Performance, Collaborative Arrangements, and the Market-for-Know-How:
A Test of the ‘Lemons’ Hypothesis in Biotechnology,” mimeo.

Pharmaceutical Research and Manufacturers of America. Pharmaceutical Industry Profile 2001. www.
Phrma.org. PhRMA, Washington DC.




"9[qeLIBA SNONUIIUOD OB MO[oq Sasayjudled Ul o6 SUONBIAD PIepue)S :9JON

(602°0) (822°0) (852°0)
809°0 019°0 919°0
(691°0) (L61°0) (z€T0)
S0Z°0 €€T0 LLTO
(L1 (0°L1) (TL1)
1'CeC €0T 1’81
($°69) ($'69) 9°LS)
1'08 1'89 0vS
(T2 (s (82
0¢ I'¢ v'¢
950°0 8+0°0 0t0°0
0L0°0 £01°0 860°0
L1070 6100 7200
8LT°0 2020 £91°0
991°0 6v1°0 SE1°0
0820 801°0 815°0
€TT0 S81°0 SLT°0
620°0 910°0 600°0
vI1°0 9L0°0 850°0
SIT°0 0zZ1°0 911°0
6S1°0 0S1°0 SET°0
180°0 $80°0 €L0°0
0ST°0 961°0 SP1°0
198 SLTI LSOT
m aseyd ré aseyd 1 9seyd

SuoneIAd(] pIepuelS pue suedly ddwes 1 9[qe]

(1 aseyd urdaq rey

s3nip [eoruro-a1d Jo o3eiu0o1ad) onelr SuTuOIOg
(ser1039180 o1naderay)

$so1o® Xapul [HH) 2y S.wiiy Jo adoog
(oouonradxyg onnoaderay )

s3nIp Jo roquunu dy139ds-£1039380 S ULIL]
(oousuadxy [e10])

yudwdo[oAdp ul S3NIp Jo IdquINU [)0) S WLIL]

punodwod/SuUOBIIPUL JO JOqUINU dFBIIAY

SI0YIQIYUI SBIPAYUE d1U0qIR))
syonpoid wsAs Arojeardsay
saseasIp [eozojoid

IO)O pue SISBIqAOWE Jsurede sjuasy

SSNIP WO)SAS SNOAIIN

syonpoid onewnaylue pue AI0jeWWEJUINUY

S90URISQNS PIJE[AI PUB SOIIOIQIIUE OIX0)0IA)D)

S[B1I9)0BqQIIUE PUE S[BIIANUY

san3o[eue pue souowoy orweeyodAH

soandaoenuoos pue so130[010)

sonenosdnuy

WJSAS JR[NOSBAOIPIR))

sjuage dnoqUICIYINUY

syonpoid wisijoqelow pue jov1} AIRJUoWI[Y
189110389389 dnnadeady |,

(suoneosrpur) suoneAIdsqQO



‘sosoyjuared Ul oI SIOLIO PIEPUE)S JSNQOT :0JON

(S0s€°0) (91L£0) (6225°0)
89°0 $SSE0 #%ST8°0 12€8°0 sserpAyue druoqre)) :§
(667°0) (110T°0) (820€°0)
962°0 #x961L°0" #xC016°0" #%87L9°0 widysAs Arojerrdsay Y
(1985°0) (€LTS°0) (S19%°0)
0ZS'0 6100 L18S°0 ¥¥90°0- A3ojoysered :d
(S102°0) (cL10) (cL61°0)
8€€°0 #%L868°0" TT€0°0- €10°0 wWdSAS SNOAIIN N
(8012°0) (L661°0) (€92°0)
6€5°0 vLET O ¥0LT'0 9Z¢€'0 AJoyewiweJuInuY [\
(8¥L1°0) (68€1°0) (¢PsS1°0)
91€°0 wxLL8L 0" #%ST19°0" #%€9S7°0 $I1X03034)) 1]
(8861°0) (F¥L1°0) (9281°0)
0St°0 €€60°0- 1160°0 8€07°0- s[enApuUY :f
(#8L5°0) (€r€0'1) (zero'1)
¥8L°0 %C860'T %C9T8'1 615870 suonjeredoid feuourioy ‘H
($292°0) (95€€°0) (6815°0) saAndaoenuo)
LILO #%7009°0 #x6050°T #x60S€' pue so130[0I) :D
(€8¥2°0) (6¥17°0) (9v67°0)
¥TS°0 9Z1°0 TELOO LYo sopeuosdnuy :(q
(8L0T°0) (L081°0) (L812°0)
LTE0 wxSPPL 0 #xLLOV 0" 9Lt0°0 Te[noseAoIpIe)) 1)
(89L7°0) (€5€T°0) (€897°0)
SLEO #x8VLL 0" 96L1°0 9Z+0°0 pooig :g
(€112°0) (8881°0) (ss12°0)
810 €LIE 0" 6€61°0 €700 OLOqUIIINUY 1Y
(8871°0) (€s21°0) (6v¥1°0)
L1071 #xSL8T'T ACE| JuBISuU0)
Iseyd sun.aels uo [euonipuod paroadde
ST uopedIpur ue Aiqeqoad pajdIpaLd € aseyq 7 9seyq I aseyq

s103e01pU] A103938)) o1naderdy ], Jo sajewnsy JUAIOF0)) 307 7 9[qe L



14

a9¢
6

0l
0¢

Y0¢
96
8¢l
0L

0¢€e
L

LL1
18

Jdaer]

661
L6
(43
0¢

99¢

Ol
YL

4]

1294
681
124!
ICI

wmnipay

YL
0¢
0¢
{4

LTI
%
6¢C
0S

(454
78
9¢

41!

[lews

ULIL] 99SUINT JO duarddxy

00SU90IT pue JojeuISLI Jo douanadxy pue oseyd juawdooadd Aq ANATIOY OURI[Y :

%129
%9°CS
%6°1L
%L 69

Y%LVS
%6°St
%¢£09
%LC9

%ot 6¥
%1°9¥
%0°€S
%V 61

SdUBI[Y uI
SFAlIGANEE |

GES
61¢
[49!
1£4!

L69
1294
¢
<0¢

9101
1943
LS¢
1483

SIURI[[Y Ul
SUONBAIISqO

198
91y
L9T
8LI

SLTI
€ss
00t
(443

LS0T
6vL
€L9
Se9

SUONEAIISqO
0L,

o
J81eT
wnIpap
[[ews
€ aseyq

moj
a81e]
WnIpaN
[[ews
7 9seyd

wiog
23407
wnipapy
[ouig
I aseyd
J10)eUISLIO)
Jo ~aadxy

€ 9lqeL



c¢

"ToA9] Ju21d-() | AU} I8 0JOZ WOIJ JUIIJIP APJUBIIJIUSIS
= 4 {[OAQ] JU0010d-G O} I8 0IOZ WOIJ JUAIIPIP APUBOIIIUSIS = 4, 'SOLI0S0)ed dnnodeIay) 10J POPN[OUT AT SA[GELIBA IOJedIpU] ‘sosayjuared
Ul 9Je SIOLIQ PIEPUE)S "ISIMIOY)O 010Z pue ‘0Fe)s juowdo[orap oy sa3o[dwiod AJ[nyssa0ons UOTJEIIPUT U J1 SUO SI d[qeLIeA juopuado :$9)ON

an 6°0L 9CL 869 L'69 €69 Pa301paid A[3091100 JUDIJ
v1°0 €10 710 60°0 S0°0 S0°0 A
6138 6+8 s 4Y4! L661 L661 SUONBAIdSqQ
(095°0) (z8z€0) (L1¥°0) (265T°0) (88¢€°0) (€82°0)
x0T~ 0€S0°0 %1V 1 %*Ev¥ 0 %611 %SG Jjueisuo))
(815°0) (06€°0) (0L£0)
w2 CE T #x97'C 6610 oney JurudaINg
(L1¥0°0) (T1%0°0) (95€0°0) (9€£0°0) (6¥0°0) (98%0°0) punoduwod sy 10j
#%6L1°0 #xCLT°0 #x191°0 #xCP1°0 #x50€°0 #%862°0 SUOTIBIIPUI JO IdqUINN
(8S1°0) (LST°0) (FP1°0) (zh1°0) (ss1°0) (S¥ST°0)
#:6LY"0 #5670 xx12€0 #x67€°0 11100 65S20°0 douel[[y Juswdo[oasp-0)
(1LS°0) (€95°0) (LLY'0) (¢vt0) (P6£°0) (668€°0)
896°0 I€7°0 #%686°0 $t9°0 0ST1°0- 00€1°0- adoog
(€800°0) (£800°0) (8L00°0) (8L00°0) (L800°0) (9800°0)
0L00°0- LLOO0- «0S10°0 60100 86000 €800°0 sousradxy onnaderay ],
(01X97 (01X97 (01X¥7D) (01X¥7D) (0I1X67D) (01X 0¢)
01 X0T OITXO0T- %x.01X08 4x.01X08- OIX T OIX T parenbs ‘doudtadxy [e10],
(8500°0) (9500°0) (£500°0) (1500°0) (6500°0) (6500°0)
+€110°0 $L00°0 #x€910°0 #xC110°0 x0010°0- %9010°0~ QouoLddxy [ejo ],
) (9] (¥) (©) @) (D
m aseyd ré aseyd 1 9seyd

yuawdorors Sni(q yodorg,/[eonnadewtey ur 9doog pue o[edS JO SAIOU0dH paseq-dousladx i 9[qe],



Table 5: Experience-based Economies of Scale and Scope With Firm Fixed Effects

Phase 1 Phase 2 Phase 3
Total Experience 0.0127 -0.0509* -0.0036
(0.0174) (0.0281) (0.0193)
Total Experience, squared -1.5X 10" 92X 10" 6.6 X107
(1.4 X 10 (7.1 X 10 (13X 10
Therapeutic Experience 0.0070 0.0125 -0.0037
(0.0096) (0.0085) (0.0093)
Scope 0.117 0.128 -0.0241
(0.430) (0.487) (0.612)
Co-development Alliance -0.0926 0.324%* 0.407**
(0.181) (0.159) (0.179)
Number of indications 0.297** 0.147** 0.210%*
for the compound (0.0495) (0.035) (0.0434)
Constant 1.32% 1.22% 0.459
(0.353) (0.367) (0.422)
Fixed effects for the largest
firms jointly significant? No Yes Yes
Observations 1997 1252 861
R’ 0.06 0.14 0.20
Percent correctly predicted 71.1 73.6 76.3

Notes: Dependent variable is one if an indication successfully completes the development stage, and zero
otherwise. Standard errors are in parentheses. Indicator variables are included for therapeutic categories.
We interact Total Experience and Total Experience squared with an indicator variable for the large firms
that have a firm fixed effect included. The coefficients on these two variables are not shown above. ** =
significantly different from zero at the 5-percent level; * = significantly different from zero at the 10-
percent level.
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