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Equity Links and Information Acquisition in Biotechnology
Alliances

Abstract:

We use a simple model of collaborative innovation to structure an empirical analysis of minority
equity links in biotechnology alliances between clients and R&D firms. In the model, an equity
link is an investment in information acquisition: it improves the ability of the client to learn
about the R&D firm’s ability and the alliance project’s quality. The model generates several
testable hypotheses about how the R&D firm’s project characteristics and previous alliances
affect the use of equity linksin new alliances. We test the hypotheses using a large data set of
biotechnology alliances and find empirical support.

JEL Codes: L14: Contracts and Reputation; L 22: Markets vs. Hierarchies, O32: Management
of R&D

K eywords:. aliance, collaboration, integration, joint venture, technologica change



1. Introduction

Most of the literature on the theory of the firm examines whether a transaction should take place
within the firm or the market, but hybrid arrangements in between these two extremes are
increasingly common, particularly in high-technology industries. Successful innovation requires
severa ingredients: facilities, funds, human capital, incentives, and technology, among others.
Firms that want to innovate often lack one or more of these ingredients. For example, small R&D
firms often have know-how and incentives but lack other ingredients, and while large “client”
firms have the other ingredients, they lack the required know-how and cannot replicate the
incentive structure of the R&D firms. Strategic alliances are away for two or more firmsto
combine ingredients without bearing the costs associated with merging or setting up a joint
venture. Alliances have proved to be a popular way of organizing R&D, and interest in studying
them has grown in recent years.*

Partners in an alliance use a variety of contractual devicesto organize exchange including
asset purchases, cross-licenses, equity links, licenses, loans, options, sublicenses, and termination
clauses. Given the growing popularity of alliances as an organizational form, it isincreasingly
important to understand when the different contractual devices are used. This paper provides a
step in this direction by focusing on whether alliance partners use a minority equity link. A
minority equity link is formed when the client buys less than 50% of the R&D firm's equity.?
The allies remain distinct entities. In contrast, joint ventures involve the creation of a separate
entity jointly owned by the partners, and mergers and acquisitions involve full integration. The
focus on minority equity links is useful because aliances with equity links can be thought of as
one step further towards hierarchy on the market vs. hierarchy axis (Williamson, 1985; Teece,
1992).

The goal of this paper isto develop and test a smple model that predicts when minority
equity links are used in strategic aliances. The model has a client, an R&D firm, and a project.
The basic framework is similar to Aghion and Tirole (1994) and Filson (2000): the R&D firm

! Contributors include Pisano et al. (1988), Pisano (1989), Arora and Gambardella (1990), Teece (1992), Gulati
(19953, 1995b), Prevezer and Toker (1996), Chan et al. (1997), Oxley (1997), Walker et al. (1997), Gulati and Singh
(1998), and Lerner and Merges (1998).

2 A link could also be formed if the R&D firm buys equity in the client or if the firms exchange shares, but it is
much more common for the client to buy some of the R&D firm’s equity, so thisiswhat we focus on in our model.
In abiotechnology alliance the R&D firm is typically a small startup and the client firm is a large drug company.



lacks some required ingredients that the client must provide and the exact nature of the product
that will be generated is difficult to predict in advance. The R&D firm'’s ability and the project’s
quality are not known with certainty, and staged investments are possible. Equity links facilitate
monitoring, which allows the client to learn about the R& D firm and the project. Equity links
play thisrole in reality by creating closer ties between the alies, which facilitates information
flows. Significant equity stakes are typically accompanied by representation on the R&D firm's
board of directors, which further facilitates information acquisition.

The model generates several falsifiable hypotheses about when equity links are used in
strategic alliances. Under the assumption that the client’s belief about the R&D firnv's ability is
positively correlated with the R& D firm’s success in related projects, an equity link isless likely
to be used when the R&D firm has more previous successful alliances. This effect is stronger if
more of the previous aliances use similar technology to the current one, and if more of the
previous aliances are with the current ally.® An equity link is more likely to be used when: 1) the
project’s outcome is more difficult to predict, asisthe case in R&D alliances or technology
exchanges; 2) the client’s investment in the project is greater, asis the case when more funds
must be transferred, and in co-development, co-marketing, and other types of collaborative
aliances; 3) the R&D firm's value islow, because it is cheaper to acquire a significant stake in
the firm; 4) the R&D firm s publicly traded, because the transaction cost of acquiring equity is
lower. Finaly, a brief consideration of a dynamic extension of the model that allows for gradual
information acquisition suggests that an equity link is more likely to be used when the contract is
modified after the initial signing date and when the contract is signed during a stage of the
project that involves a high risk of failure, high investment, or both.

We test the model using alarge data set on biotechnology alliances formed from the mid
1970s until May 2001 and find support for the model’ s hypotheses. The biotechnology industry
is an excellent example of an industry where aliances have been important for innovation, and
the industry is of interest in itself because of continuing growth and scientific advances.* Since
the mid-1970s strong links between scientific advances and marketable products have made it

difficult for established firms to keep up with technological progress in biotechnology. Asa

3 Gulati (1998) argues for considering the firm’s existing network of alliances when analyzing alliances; our work
provides a step in this direction.



result, several new biotechnology firms have emerged. These firms lack many of the required
ingredients for innovation, and most have multiple alliances with drug firms and other
biotechnology firms. Figure 1 graphs the number of biotechnology alliances formed each year
since 1975. Early aliances were drug/biotech alliances, in which small new biotechnology
companies provided know-how and R&D effort, and large established drug companies provided
other resources. Some of the small biotechnology companies grew, and since the mid-1980s
biotech/biotech alliances have become common. In many of these alliances one of the
biotechnology companies takes on the drug company’s role; others have a more horizontal
nature.

Previous studies of equity links in biotechnology alliances and other alliances include
Pisano, 1989; Gulati, 1995a; Prevezer and Toker, 1996; Oxley, 1997; and Gulati and Singh,
1998. Our paper contributes to thisliterature in several ways: First, we use a forma model to
structure the empirical analysis. The model forces usto be clear about what assumptions lead to
our hypotheses and forces us to be clear about what the driving forces for equity links are.
Second, the model leads us to consider some variables that have not been considered in previous
analyses, such as the R&D firm’s number of previous alliances, the R&D firm's number of
previous alliances that use the same technology, the estimated dollar amount that will be
transferred from the client to the R&D firm, the value of the R&D firm, whether the R&D firmis
publicly traded, whether the aliance terms were modified after the initial date, and the stage of
the project. Third, we attempt to gather as many biotechnology alliances as possible from the
1970s until June, 2001. Previous studies typically rely on small samples from the universe of
possible alliances and concentrate on alliances formed in the 1970s and 1980s. Thisis
particularly problematic in the biotechnology industry, because as Figure 1 shows the number of

alliances has risen dramatically over time.

2. The Moded

The model has aclient C, an R&D firm R, and a project. The formal analysis focuses on a single

decision: C either acquires a minority equity stake in R at the beginning of the project or does

4 AsPisano et al. (1988) note, the biotechnology industry includes a variety of different technologies, and there are
many potential applicationsincluding agriculture, chemicals, drugs, and industrial processes. Lists of the
technologies and applicationsin our data are provided in Appendix A.



not.® In the model this is C's decision alone — we implicitly assume that C has enough bargaining
power to make this choice. This is a reasonable assumption in the biotechnology industry
because clients are typically much larger and more established than R&D firms (for a discussion
of bargaining power and biotechnology alliances see Lerner and Merges, 1998). In any case, we
believe that this structure is sufficient to describe the main factors that affect whether equity
links are used in biotechnology alliances.

Neither player can complete the project by itself; C lacks know-how and R lacks
resources. C must invest | in the project, and if the project is successfully completed C receives
the expected payoff V; otherwise C receives nothing. We do not consider the bargaining process
that determines V, but we assume that the level of V is unaffected by the existence of an equity
link.® Given this, we show below that V does not affect C's decision to purchase equity. Assume
that V is sufficiently high to make C’s participation in the aliance worthwhile.

Two sources of uncertainty affect the likelihood of project success. R is either good or
bad and the project is either good or bad. Assume that both R and the project must be good in
order for the project to succeed from C’s point of view, but that C cannot observe these types
before investing some funds.” Denote C's prior belief that Ris good by p and C's prior belief that
the project is good by g, where both of these probabilities are greater than zero. Given these
beliefs, C's expected utility from investing in the project without any further information is

U.=pqVv -1. Q)

Now suppose that before investing I, C can acquire a minority equity link in R at a cost of
e+t, where eisaninvestment and t is the transaction cost associated with the equity purchase.
The equity purchase accomplishes two objectives. First, the transfer of e alows the project to
begin. Second, the equity link facilitates monitoring. The role of monitoring isto resolve C's

uncertainty about R and the project before | —e must be spent. We make two extreme

® We do not consider the decision to fully integrate because the previous literature provides several arguments for
why full integration isusually not optimal in innovative environments. Holmstrom (1989) and Aghion and Tirole
(1994) argue that integration reduces the R& D firm’ sincentives. Williamson (1985) arguesthat the impossibility of
selective intervention discourages full integration. More recently, Baker, Gibbons, and Murphy (forthcoming, 2001)
argue that full integration may be undesirable because it affects the ability of partiesto manage relational contracts.
Rather than repeat their arguments, we simply assume that the relevant choiceis between an alliance with an equity
link and one without one.

® Aghion and Tirole (1994) present formal arguments that show that the presence of an equity link need not affect V
because ex post bargaining over payments takes the link into account. We simply assume this here.



assumptions that simplify computations without any loss in the resulting intuition. First, assume
that monitoring is impossible without an equity link.® Second, assume monitoring resolves
uncertainty completely — thisimplies that C invests | —e only if it observes that both R and the
project are good. Given these assumptions, if C purchases an equity link then C’'s expected utility
is

U, =paV - (I —¢e)]-e-t. @)

It is now straightforward to compare equations (1) and (2) to see that purchasing the
equity link isworthwhile if and only if

(I -e)(1- pa) =t. ©)
Inequality (3) is a standard result from the economics of decision making under uncertainty. The
equity link is essentially an investment in information acquisition, and in order for this

investment to be worthwhile the expected saving (I —e)(1— pq) must exceed the expected cost t.

Simple partia derivatives show that inequality (3) is more likely to hold when | is high and p, q,
eandt arelow. In the following paragraphs, we use this result to generate testable hypotheses
about factorsthat affect C's decision to acquire an equity link.

First, consider factors that affect p, C' s prior belief about R stype. It is reasonable to
assume that C’s belief about R's ability in the current project is positively correlated with R's
success in its previous projects. Given this assumption, p islikely to be higher if R has more
previous successful aliances. Further, p islikely to increase more if R's previous aliances used
the same technology as the current one because the information C obtains from observing these
is more pertinent. C can also base its decision on its own experience with R. If C has previous
aliances with R in which R did not perform well then C could avoid selecting R for a current
partner. Thus, if C and R have more previous alliances together and form a new alliance together
itisasign that C believes R is good. When combined with inequality (3), these conclusions
suggest the following testable hypotheses:

Hypothesis 1: An equity link isless likely to be used when R has more previous alliances.

"“Good” and “bad” could depend on a variety of factorsincluding adverse selection, moral hazard, and
technol ogical opportunities, but we assume that whatever the factors are C is unable to use complex contractsto
overcome the information problem.



Hypothesis 2: The effect in Hypothesis 1 is stronger if more of R's previous alliances involve

the same technology as the current alliance.

Hypothesis 3: The effect in Hypothesis 1 is stronger if more of R's previous alliances are with

the current client.

Second, consider factors that affect g, C's prior belief about the project’s type. Two main
factorsthat affect g are the tasks in the project and the technology used to carry out those tasks.
Alliances that involve R&D or technology exchanges involve high uncertainty about success
compared to alliances that involve manufacturing or marketing a product that already exists and
works. R&D isinherently uncertain, and technology exchanges often involve exchanges of tacit
know-how that is difficult to codify. Both have high risks of failure. This suggests the following
hypothesis:

Hypothesis 4: An equity link is more likely to be used when the project tasks involve uncertain

outcomes, asisthe case for R&D projects and technology exchanges.

The technologies used in biotechnology vary (see Appendix A), and it is reasonable to expect
that some yield more predictable outcomes. This suggests that we should control for technology
type, and we do so in the empirical analysis below.

Third, consider factors that affect I, C'sinvestment in the project. Part of | is atransfer of

funds. This suggests the following hypothesis:

Hypothesis 5: An equity link is more likely to be used when C’s estimated money investment in

the project islarger.

More generdly, | includes non-monetary transfers of knowledge and other resources. Thus, it is

reasonable to believe that | is higher in agreements that involve more collaboration, as is the case

8 Of course, in real-world alliances monitoring can occur without an equity link, and equity links create closer tiesto
improve monitoring. For expositional purposesit is convenient to make the comparison stark by assuming that
monitoring isimpossible without an equity link.



in co-development and co-marketing alliances, because more collaboration implies that C

alocates more of its resources to the aliance.’ This suggests the following testable hypothesis:

Hypothesis 6: An equity link is more likely to be used when the project involves more
collaboration.

Fourth, consider factors that affect e, the amount of the equity purchase. The main
determinant of eis R'sfirm value. R's value determines how expensive it is to acquire alarge
enough share of its equity in order to form ties close enough to facilitate monitoring. This

suggests the following hypothesis:

Hypothesis 7: An equity link is more likely to be used when R's value is low.

Finally, consider factorsthat affect t, the transaction cost associated with the equity
purchase. The transaction cost is likely to be low if R's equity is easier to trade. This suggests
that an equity link is more likely to be observed when R is a public company. Interestingly, this
effect may lead to atendency that is the opposite of Hypothesis 7 because small companies are
less likely to be publicly traded.

Hypothesis 8: An equity link is more likely to be used if R is publicly traded.

Before proceeding to the empirical analysis in the next section we will briefly consider
the impact of extending the model to allow for more dynamics. In the simple model presented
here C either buys equity in R at the beginning of the alliance or never does, and the equity link
generates perfect signals of R's ability and the project’s quality. Suppose instead that p and q
evolve over the life of the project, and that an equity link improves the quality of the imperfect
signals of p and q. Further, suppose that | can change as milestones are reached. In this case it

may be optimal for C to acquire equity in R after the initial signing date of the alliance.'® Bad

® Co-development alliances involve sharing costs, technology, risks, or benefits when jointly devel oping products.
Co-marketing alliances involve jointly marketing a product.

19 For aformal development of how a resource allocator’ s beliefs about a researcher and a project evolve in response
to observations of project success and failure in a dynamic environment see Filson (2000).



signals lower p and g, and this makes it more likely that inequality (3) holds. Good signals can
also lead to equity links because | might increase as milestones are reached and new stages are

entered. This suggests the following hypothesis:

Hypothesis 9: An equity link is more likely to be used if the terms of the alliance are modified

after the initial contract is signed.

More generdly, if p, g, and | vary over the stages of the project, as they do in biotechnology
projects, the stage of the project at which the alliance is formed affects the use of equity links.
This suggests the following hypothesis:

Hypothesis 10: An equity link is more likely to be used when the alliance is formed during a
stage that involves high investments from C, a high risk of failure, or both.

3. Empirical Analysis

Data

Asin the model presented in Section 2, we take the decision to enter into an alliance as given and
focus on whether the allies use an equity link or not. The unit of observation is an aliance.
Recombinant Capital Corporation (ReCap, www.recap.com) provides online summaries of
biotechnology alliances formed since the mid 1970s when the industry began.™* Each summary
indicates the client partner, the R& D partner, the date the alliance is formed, the most recent date
of modification (if the terms have been modified), the type of aliance (biotech/biotech or
drug/biotech), and summarizes the tasks to be performed and the contract terms. Many
summaries also provide the intended application, the technology the alies will use, and the stage
the project is at when the aliance is formed. The possible tasks, contract terms, applications,
technologies, and stages are summarized in Appendix A. In our analysis, we assume that the

tasks, applications, technologies, and stages are exogenous and the contract terms are

™ For summaries of the evolution of the biotechnology industry, see Pisano et al. (1988) and Henderson et al.
(1999).
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endogenous. This is areasonable assumption: partners take the project as given and design an
appropriate contract to accomplish the project’s goals.

Prior to June 2001 there are 7162 alliances. We remove 614 observations on mergers and
acquisitions from this sample (ReCap uses a broad definition of “aliance”) and use the
remaining alliances to compute the R&D firm’s number of previous biotechnology alliances.*?
After doing so we restrict the sample to facilitate hypothesis testing. We exclude 227 joint
ventures and 295 alliances with multiple partners. Including alliances with multiple partners
would complicate the test of Hypothesis 3 because it is not clear how to measure the R&D firn's
previous alliances with its current client in these cases. Further, in order to test Hypothesis 2 we
restrict our attention to those alliances for which a description of the technology is provided —
this leaves 4344 observations.

Table 1 provides summary statistics for our variables. The dependent variable isa
dummy variable that takes the value one if the aliance involves a minority equity link. We
obtained similar results using a dependent variable that includes joint ventures (the dependent
variable Pisano, 1989, uses), but as the model in Section 2 focuses on minority equity links we
maintain that focus here. We aso tried including options and warrants in the dependent variable,
and none of the conclusions of the hypothesis tests changed.*

Hypotheses 1, 2, and 3, are tested using the R& D firm’s number of previous alliances
with technologies and partners different from the current ones, the number of previous alliances
with a different partner but the same technology as the current alliance, and the number of
previous alliances with the current partner. To test an alternative explanation of our results we
will consider the effects of previous alliances that have equity links; these variables are also
included in Table 1.

Hypothesis 4 is tested using dummy variables for the tasks associated with the alliance:
research, development, technology, supply, manufacturing, and marketing.* Hypothesis 5 is
tested using size, the estimated dollar amount transferred from the client to the R&D firm (the

12 \We attempt to eliminate terminated alliances from the count of previous alliances using press releases provided on
ReCap’s website.

13 Options and warrants may be options to purchase equity in the future, but may involve other options such asthe
options to license a product or terminate an agreement. The data does not allow us to distinguish between these
different types of options.

14 Technology and supply alliances tend to lie in between R& D and manufacturing and marketing in the vertical
chain, but their position in the chain can vary. For example, in supply alliances one of the partners provides a

11



client’s current investment plus its estimated future investment given the contract terms,
discounted according to standard rules that take into account the timing and likelihood of future
payments). Thisinformation is provided by ReCap when available. We deflate the dollar amount
ReCap reports using the Consumer Price Index. Hypothesis 6 is tested using dummy variables
that indicate when an alliance involves co-development, co-marketing, or general
collaboration.™

Hypothesis 7 is tested using the R&D firm’'s market capitalization (the number of shares
outstanding multiplied by the price per share) in the month prior to the month the alliance is
formed, deflated using the CPI.1® Market capitalization is provided by the Center for Research in
Security Prices of the University of Chicago (CRSP) and is available only for firmsthat are
publicly traded on the American Stock Exchange, the Nasdagq Stock Market, and the New Y ork
Stock Exchange. When we test Hypotheses 7 and 8 we use a dummy variable that takes the value
1 for R&D firms that are not publicly traded and exclude public firms that are not included in the
CRSP database from the analysis. These include foreign public firms, firms traded over the
counter, and firms that went public recently. The initial public offering dates of all of these firms
were determined using information provided by Y ahoo! Finance (http://finance.yahoo.com). In a
few cases, some of the monthly market capitalization measures were missing from CRSP, and
we exclude these observations as well.

Hypothesis 9 is tested using a dummy variable that takes the value one if the aliance
contract is modified after the initial signing date. Hypothesis 10 is tested using dummy variables
for the stage of signing. The definitions of the various stages are provided in Appendix A, and
information on the length and success rates of the phases of human clinical trias is summarized
in Table 2.

We also include several control variables. We include a dummy variable for

biotech/biotech alliances to allow for the possibility that these alliances differ from drug/biotech

technology or drug to the other partner, but this can be for development or marketing. We do not include a dummy
variable for swaps because in the sample of 4344 alliances there are only two swaps.

> Our “marketing” category combines ReCap’s categories of commercialization, distribution, and marketing, and
our “co-marketing” category combines ReCap’s categories of co-marketing and co-promation. See Appendix A for
a description of ReCap’s categories.

18 We use the R& D firm’s market cap. in the month prior to the month the alliance is formed to avoid measurement
problems associated with announcement effects. Chan et al. (1997) provide evidence that firms' stock returnsare
typically positively affected by announcements of strategic alliances. Thus, the R& D firm’s market cap. in the
month the allianceisformed is likely higher than the market cap. at the time theterms of the alliance are negotiated.

12



dliancesin their use of equity links.*” As noted in Section 2, the model suggests that the
technology the partners use affects whether they use an equity link. We use dummy variables for
every technology that accounts for at least one per cent of the sample of 4344.*8 Further, we
include year dummies for every year after 1984 to allow for the possibility that the model’s
parametersp, q, I, e, and t vary over the sample period because of changes in financial sector
conditions (as discussed by Lerner and Merges, 1998), industry trends, or macroeconomic

events.

Hypothesis Tests

We use probit models for all of our analysis; the results are essentially the same with logit
models. Table 3 reports the estimated coefficients and standard errors, and Table 4 reports the
marginal effects of the variables of interest.’® We estimate three equations; the tradeoff is
between sample size and the number of hypotheses we can test. Equation 1 uses the largest
sample but tests the fewest number of hypotheses, and Equation 3 tests all of the hypotheses but
uses arelatively small sample.

Equation 1 tests Hypotheses 1-4, 6, and 9, and the results support the hypotheses. All of
the variables have the predicted sign and most are statistically significant. As predicted by
Hypotheses 1-3, the likelihood of observing an equity link is decreasing in the R&D firn's
number of previous aliances, and this effect is stronger if more of these alliances use the same
technology as the current one and if more are with the current client. Gulati (1995a) also finds a
negative effect of previous alliances with the current client using data from the automotive,
biotechnology, and new materials industries. In contrast, using a small sample that excludes

aliances that involve R& D, Oxley (1997) finds no effect of previous alliances with the current

Y In our preliminary work we also considered the possibility that previous drug/biotech alliances have different
effects from previous biotech/biotech alliances but found no significant difference.

18 We also tried including dummy variables for the 19 applications that account for at least one percent of the
observations, but the hypothesis that all of these coefficients were zero could not be rejected at the 10% level of
significance, and none of the conclusions of the hypothesis tests changed, so we |eave them out in the results
reported here.

¥ The marginal effect of a variable measures the estimated change in the probability of observing an equity link
given asmall changein the value of the variable. The sign of the marginal effect can beinferred from the sign of the
estimated coefficient, but its magnitude must be computed separately because the probit model is nonlinear (see
Greene, 2000, for a discussion).

13



client or of “aliance experience,” the average number of previous aliances that the client and the
R&D firm have.

As predicted by Hypothesis 4, alliances that involve R&D or technology exchanges are
more likely to have equity links than those that involve marketing. Several previous authors have
also found a positive effect of R&D on the use of equity links in biotechnology and other
alliances (Pisano, 1989; Gulati, 1995a; and Gulati and Singh, 1998). As predicted by Hypothesis
6, alliances that involve a greater degree of collaboration, as measured by the co-development,
co-marketing, and collaboration dummy variables, are more likely to have equity links. Finally,
as predicted by Hypothesis 9, equity links are more likely to be observed if the contract has been
modified after the initial signing date.

Equation 2 uses the 2694 observations for which the stage of signing is observed to test
Hypothesis 10. The conclusions for the other hypothesis tests are unchanged, and the estimated
effects of the stage dummies support Hypothesis 10. Equity links are more likely to be used
during the pre-clinical stage and phases 2 and 3 of human clinical trials, and evidence provided
by the U.S. Food and Drug Administration (1999) suggests that these stages involve higher risks
of failure and higher investments than the other stages. Only 1 in 1000 compounds tested in the
pre-clinical stage reach human clinical trials, and the pre-clinical stage lasts from 1 to 6 years. As
shown in Table 2, phase 2 involves a high risk of failure and arelatively large investment of time
and resources compared to phase 1. Phase 3 isless risky but involves a much larger investment
of time and resources. DiMas et al. (1991) estimate that phase 2’ s average cot is approximately
twice that of phase 1, and phase 3's average cost is approximately three times that of phase 2. In
contrast, once a Product License Application or a New Drug Application isfiled thereisa
relatively high chance of success and arelatively short waiting period, and if the product has
been approved when the alliance is formed the risk of failure drops considerably. The estimates
suggest that equity links are much less likely in these cases, and thisis consistent with
Hypothesis 10.

Equation 3 restricts the sample further by considering only the 1031 observations for
which Sze, the estimated dollar amount transferred from the client to the R&D firm, is
measured, and for which either the R&D firm is private or a measure of its market capitalization
isavailable. Asin Equations 1 and 2, the results tend to support the model’ s hypotheses, but all
of the task and collaboration effects are statistically insignificant. This result may be due to the

14



smaller sample or it may be the case that the project’s stage and the client’s money investment
provide better measures of the risk of failure and the client’ s total investment than the task and
collaboration effects. As predicted by Hypothesis 5, size has a positive effect on the likelihood
that an equity link is used. As predicted by Hypothesis 7, the R&D firm's market capitalization
has a negative effect. The effect of the R&D firm being a private firm is positive and statistically
insignificant. This suggests that the firm size effect of Hypothesis 7 dominates the transaction
cost effect of Hypothesis 8: the dummy variable is effectively a proxy for small firm size.
Hypothesis 7 suggests that alliances with private firms are more likely to involve equity links
because private firms are typically smaller than public firms. As noted in Section 2, Hypothesis 8
suggests the opposite effect should occur because the equity of private firms is more difficult to
trade.

The control variables also have explanatory power in Equations 1-3. In Equations 1 and 2
the biotech/biotech dummy is negative and significant. Its positive sign and lack of significance
in Equation 3 suggests that its effect in Equations 1 and 2 can be attributed to unmeasured size
and market capitalization effects. Severa of the technology dummy variables are statistically
significant. Thisis consistent with our view that the technology the partners use affects their
likelihood of success, which in turn affects their use of an equity link. The year effects are almost
all positive and most are statistically significant. This suggests that financial sector, industry, and
macroeconomic changes since the early 1980s have made the use of equity links more desirable.

Table 4 presents the estimated marginal effects and shows that the independent variables
have substantial effects on the likelihood that firms use an equity link. To interpret the effects of
previous alliances, size, and market capitalization, consider increasing each variable by
approximately one standard deviation (standard deviations are summarized in Table 1). The
point estimates from Equations 1-3 suggest that increasing the number of previous alliances with
adifferent technology and client from the current ones by nine decreases the likelihood of
observing an equity link by as much as 5.3 percentage points. Increasing the number of previous
aliances with the same technology as the current one but a different client by five decreases the
likelihood of observing an equity link by as much as 8 percentage points. Each additional
previous alliance with the current client decreases the likelihood of observing an equity link by
as much as 7.7 percentage points. The estimates from Equation 3 suggest that increasing Sze by
$46 million increases the likelihood of observing an equity link by 29 percentage points.
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Increasing the R& D firm’'s market capitalization by $2.13 hillion decreases the likelihood of
observing an equity link by 40.5 percentage points.

The marginal effects of the dummy variables can be read directly from Table 4. For
example, Equation 1 suggests that if the alliance involves research the likelihood of observing an
equity link rises by 2.5 percentage points. Large positive percentage point increases occur if the
aliance involves development (6.8), technology exchanges (12), or co-development (11), and if
the contract has been modified (15). The results from Equation 2 suggest that the stage of signing
has important effects: pre-clinical (11), phase 2 (10), and phase 3 (15).

Before concluding, it is worth mentioning that we considered an alternative explanation
for the negative effect of previous aliances. It seems possible that previous alliances have the
effect we observe in Table 3 because previous allies have purchased sufficient equity in the R&D
firmto effectively control it. Asaresult, current equity purchases have such a small impact that
they are not worthwhile. A partner with a given stake in the R& D firm might expect to be less
influential on its board and in the lab if several other partners have large stakes. We tested this
aternative explanation using the number of previous alliances of each type that have equity
links. In contrast to what the alternative explanation suggests, the effect of previous alliances
with equity links is less negative than the effect of those without. None of the conclusions of the
hypothesis tests changed. Our theory does not make a clear prediction about the effects of
previous alliances with equity links. According to our theory, previous equity links are a sign
that previous alies found monitoring to be worthwhile. This could mean that the R&D firm's
activities involve high uncertainty, and as a result the current client also finds monitoring

worthwhile.

4. Conclusion

This paper develops a simple model of monitoring and staged investment to explain why
client firmsin strategic aliances often purchase some of their R& D partner’s equity. In the
model an equity link facilitates monitoring, and this allows the client to resolve its uncertainty
about the R&D firm and the project before committing more resources to the project. The model

generates severa testable hypotheses about the determinants of equity links in strategic alliances,
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and we test these hypotheses using a large sample of biotechnology alliances and find empirical
support.

Future work could explore the determinants of contractual devices other than equity
links. Future work could also develop the links between an R&D firm'’s previous aliances and its
current ones and explore such matters as the timing of alliance formation, the selection of
partners, and the growth of industry networks. Some work along this line has been done by
Gulati (1995b) and Walker et a. (1997).

17



References;

Aghion, Philippe, and Tirole, Jean. “The Management of Innovation.” Quarterly Journal of
Economics 109 no. 4 (November 1994): 1185-12009.

Arora, Ashish, and Gambardella, Alfonso. “Complementarity and External Linkages. The
Strategies of the Large Firms in Biotechnology” Journal of Industrial Economics XXXVIII no.4
(June, 1990): 361-79.

Baker, George, Gibbons, Robert, and Murphy, Kevin J. “Relational Contracts and the Theory of
the Firm” Forthcoming in the Quarterly Journal of Economics, 2001.

Chan, Su, Kensigner, J., Keown, A., and Martin, John. “Do Strategic Alliances Create Vaue?’
Journal of Financial Economics 46 no.2 (November 1997): 199-221.

DiMas, Joseph A., Hansen, Ronald W., Grabowski, Henry G., and Lasagna, Louis. “Cost of
Innovation in the Pharmaceutical Industry” Journal of Health Economics 10 (1991): 107-42.

Filson, Darren. “The Dynamics of Resource Allocation in Research Organizations.” Journal of
Economic Behavior & Organization 43 (2000): 263-277.

Greene, William H. Econometric Analysis. 4th ed. (Upper Saddle River: Prentice-Hall, 2000).

Gulati, Ranjay. “Does Familiarity Breed Trust? The Implications of Repeated Ties for
Contractua Choicein Alliances’ Academy of Management Journal 38 no.1 (1995a): 85-112.

Gulati, Ranjay. “Socia Structure and Alliance Formation Patterns: A Longitudinal Analysis’
Administrative Science Quarterly 40 (1995b): 619-52.

Gulati, Ranjay. “Alliances and Networks’ Strategic Management Journal (1998): 293-317.

Gulati, Ranjay, and Singh, Harbir. “The Architecture of Cooperation: Managing Coordination
Costs and Appropriation Concerns in Strategic Alliances” Administrative Science Quarterly
XLII (December 1998): 781-814.

Henderson, Rebecca, Orsenigo, Luigi, and Pisano, Gary P. “The Pharmaceutical Industry and the
Revolution in Molecular Biology: Interactions Among Scientific, Institutional, and
Organizational Change” in David C. Mowery and Richard R. Nelson, eds. Sources of Industrial
Leadership: Sudies of Seven Industries (Cambridge: Cambridge University Press, 1999).

Holmstrom, Bengt. “Agency Costs and Innovation” Journal of Economic Behavior &
Organization 12 no.3 (December 1989): 305-27.

Lerner, Josh, and Merges, Robert P. “The Control of Technology Alliances. An Empirical

Analysis of the Biotechnology Industry.” Journal of Industrial Economics 46 no.2 (June 1998):
125-156.

18



Oxley, Joanne. “ Appropriability Hazards and Governance in Strategic Alliances: A Transaction
Cost Approach.” Journal of Law, Economics, & Organization 13 no.2 (October 1997): 387-409.

Pisano, Gary P. “Using Equity Participation to Support Exchange: Evidence from the
Biotechnology Industry” Journal of Law, Economics, & Organization 5 no.1 (Spring 1989): 109-
126.

Pisano, Gary P., Shan, Weijian, and Teece, David J. “Joint Ventures and Collaboration in the
Biotechnology Industry” in David C. Mowery, ed. International Collaborative Venturesin U.S.
Manufacturing (Cambridge: Ballinger, 1988).

Prevezer, Martha, and Toker, Saadet. “The Degree of Integration in Strategic Alliancesin
Biotechnology.” Technology Analysis & Strategic Management 8 no.2 (June 1996): 117-133.

Teece, David J. “Competition, Cooperation and Innovation: Organizational Arrangements for
Regimes of Rapid Technological Progress.” Journal of Economic Behavior & Organization 18
no.1 (June 1992): 1-25.

U.S. Food and Drug Administration, Center for Drug Evaluation and Research. From Test Tube
to Patient: Improving Health through Human Drugs (September, 1999).

Walker, Gordon, Kogut, Bruce, and Shan, Weljian. “Social Capital, Structural Holes and the
Formation of an Industry Network” Organization Science 8 no.2 (March-April 1997): 109-25.

Williamson, O. The Economic Institutions of Capitalism (New Y ork: Free Press, 1985).

19



Appendix A: Alliance Tasks, Terms, Applications, Technologies, and Stages
ReCap describes the type of each alliance using one or more of the following labels, which

describe tasks and contract terms:

Tasks. Co-Development, Co-Marketing, Co-Promotion, Collaboration, Commercialization,
Development, Distribution, Manufacturing, Marketing, Research, Supply, Swap, and
Technology.

Terms. Acquisition, Asset Purchase, Assignment, Credit, Cross-License, Equity, Joint Venture,
License, Loan, Letter of Intent, Merger, Option, Security, Settlement, Sublicense, Termination,

and Warrant.

We construct categories for application using the primary application ReCap mentions:
Agriculture, Alcoholism, Antifungals, Anti-inflammatory, Autoimmune, Blood & Hematopoietic
Factors, Cancer, Cardiovascular, Central Nervous System, Cosmetics, Cystic Fibrosis,
Cytomegalovirus, Dental/Oral, Dermatologic, Diagnostics, Gastro-1ntestinal,
Gynecological/Genito-Urinary, Hair Growth, IBD, Industrial Chemicals, Infection, Kidney
Disease, Liver Disease, Livestock Diseases, Metabolic Disorders, Nutritionals/Vitamins,
Obesity, Ophthalmics, Orthopedics, OTC Products, Pain, Respiratory Disorders, Screening,
Smoking Cessation, Transplantation, and Wound Care.

We construct technology categories using the primary technology ReCap mentions. Adjuvant,
Attenuated Virus Production, Bioinformatics, Carbohydrates, Cell Therapy — Stem Cellg/Factors,
Collagen Matrix, Combinatorial, Device, DNA Probes, Drug Delivery, Gene Expression, Gene
Sequencing, Generics, Hyaluronic Acid, Immunoassay, |mmunoglobulin, Implantable Devices,
In-licensed Products, lon Channel Technologies, Microarrays, Micropropagation, Microspheres,
Monoclonals, Natural Product, Oligonucleotides, Peptides, PFOB Emulsions,
Pharmacogenomics, Phototherapy, Polyclonal Antibodies, Polyethylene Glycol Products,
Proteomics, Purines & Pyrimidines, Rational Drug Design, Recombinant DNA, Resin Polymers,
Screening, Separations, Service Laboratory, Synthetics, Transcription Factors, and Transgenics.

20



The stage of signing is one of the following:

Discovery: No lead product candidate has been identified

Lead molecule: A lead product candidate has been identified, but no animal testing has occurred
Pre-clinical: Some animal data has been obtained but human trials have not begun

Formulation: The combination of drugs with an agent for the administration of the drugs

Phase 1. Safety in humans

Phase 2: Small-scale efficacy in humans

Phase 3: Large-scale efficacy in humans

PLA/NDA filed: Testing of the lead product is complete and under regulatory review
Approved: The lead product has been approved for marketing
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Table 1. Summary Statistics (4344 obser vations except wher e noted)

Variable Mean | S.D. | Min M ax
Thealliance involves a minority equity link .16 .37 0 1
The R&D firm’s number of previous alliancesthat do not involve the same technology as | 4.75 908 |0 101
the current alliance and are not with the current client
The R&D firm’s number of previous alliances that involve the same technology asthe 2.83 478 |0 38
current alliance and are not with the current client
The R& D firm’s number of previous alliances with the current client A2 45 0 5
The number of previous alliances not with the current client that have equity links .96 140 |0 12
The number of previous allianceswith the current client that have equity links .029 .18 0 3
Thealliance involves resear ch .25 43 0 1
The alliance involves development .33 A7 0 1
The alliance involves a technology exchange .0037 061 |0 1
The alliance involves supply 12 .32 0 1
The alliance involves manufacturing .041 .20 0 1
The alliance involves marketing 13 .34 0 1
Size: the estimated dollar amount transferred from C to R, measured in hundr eds of .18 46 0 12.88
millions of 1983 dallars (1436 observations)
The alliance involves co-development .028 A7 0 1
The alliance involves co-marketing .049 .22 0 1
The alliance involves collabor ation .18 .38 0 1
The R&D firm’s market capitalization (the number of sharesoutstanding multiplied by 42 213 | .00080 | 47.88
the price per share), measured in billions of 1983 dollar s (1699 obser vations)
The R&D firmisnot publicly traded .61 49 0 1
The alliance ter ms have been modified after theinitial date 21 A1 0 1
Stage of signing (2749 obser vations):
Discovery 42 49 0 1
Lead Molecule .084 .28 0 1
Pre-clinical .069 .25 0 1
Formulation .18 .38 0 1
Phase 1 Clinical Trials .033 .18 0 1
Phase 2 Clinical Trials .052 22 0 1
Phase 3 Clinical Trials .038 19 0 1
Product License Application/New Drug Application Filed .020 14 0 1
Approved .094 .29 0 1
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Table 1, Cont. Summary Statistics for the Control Variables (4580 obser vations)

Variable M ean S.D. Min M ax
The alliance is a biotech/biotech alliance | .34 A7 0 1
Technology Dummies:

Adjuvant .012 A1 0 1
Bioinformatics .012 A1 0 1
Cell Therapy .014 A2 0 1
Combinatorial .027 .16 0 1
Device .059 24 0 1
DNA Probes .024 .15 0 1
Drug Delivery 13 .34 0 1
Gene Expression .078 27 0 1
Gene Sequencing .033 .18 0 1
I mmunoassay .070 .26 0 1
In-licensed Products .046 21 0 1
M onoclonals .078 27 0 1
Natural Product .011 10 0 1
Oligonuclectides .039 19 0 1
Peptides .015 A2 0 1
Rational Drug Design .015 A2 0 1
Recombinant DNA .069 .25 0 1
Screening .085 .28 0 1
Synthetics .067 .25 0 1
Transcription Factors .013 A1 0 1
Transgenics .014 A2 0 1
Year Dummies:

Pre-1985 .021 14 0 1
1985 .0076 .087 0 1
1986 .0094 .097 0 1
1987 .015 A2 0 1
1988 .015 A2 0 1
1989 .020 14 0 1
1990 .029 A7 0 1
1991 .035 .18 0 1
1992 .049 22 0 1
1993 .053 22 0 1
1994 .067 .25 0 1
1995 .091 .29 0 1
1996 A2 .32 0 1
1997 A3 .34 0 1
1998 A2 .33 0 1
1999 .10 31 0 1
2000 .10 .30 0 1
2001 .015 A2 0 1
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Table 2. The Phases of Human Clinical Trialsfor New Drugs

Number of Patients Length Purpose Per cent of Drugs
Successfully Tested*
Phase 1 20-100 Several months Mainly safety 70
Phase 2 Up to severa hundred | Several monthsto 2 Some short-term 33
years safety, but mainly
effectiveness

Phase 3 Several hundred to 1-4 years Safety, effectiveness, 25-30

several thousand dosage

Source: U.S. Food and Drug Administration (1999)
e Of 100 drugs for which investigational new drug applications are submitted to the Food and Drug Administration,

about 70 complete phase 1 and go to phase 2; 33 of the original 100 complete phase 2 and go to phase 3; and 25-30
of the original 100 clear phase 3 (and about 20 of the original 100 will ultimately be approved for marketing)
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Table 3. Probit Model: Deter minants of Minority Equity Links.

1 (4344 obs) | 2 (2694 obs) | 3 (1031 aobs)
Variable Coefficient | Coefficient | Coefficient
(Std. Error) | (Std. Error) | (Std. Error)
Constant S17TrE* -1.66%** - 71*
(22) (:28) (:44)
Previous Alliances:
Different Technology and -.021%** -.024%** -.016*
Different Client (.0047) (.0059) (.0085)
Same Technology and -.034*** -.041*** -.044***
Different Client (.0074) (.0089) (.015)
With the Current Client -.12* - 21%* -.21*
(.066) (.086) (.13)
Dummy Variables:
Research 2% A1 -12
(.063) (.077) (.12)
Development 32%*x 23k .0034
(.054) (.067) (.10
Technology .59* 78* .057
(:36) (:47) (:56)
Supply A1 .071 -.084
(.075) (.098) (.13)
Manufacturing - 49*** -.52%* -.16
(:15) (.23) (:33)
Marketing -.059 .020 -12
(.089) (.13) (.21)
Co-devel opment B0*** AL -13
(.13) (.15) (:21)
Co-marketing 22%* 24%* A7
(11) (12) (.14)
Collaboration A5%* .083 A2
(.068) (.078) (.12)
The Contract Has Been ALEEF (Ol AB**r*
Modified (.058) (.070) (.098)
Stage of Signing:
Lead Molecule A3 -.047
(12) (.17)
Pre-Clinical AL 31
(.13) (.18)
Formulation .046 .32
(.18) (:29)
Phase 1 Clinical Trials .076 -.089
(.18) (.29)
Phase 2 Clinical Trials A3 21
(.16) (:23)
Phase 3 Clinical Trials .60*** A45*
(:18) (.26)
PLA/NDA filed -11 -.16
(:27) (:38)
Approved -25 - 79%*
(:19) (:32)
Size and Market Cap:
Size 1.70%**
(:23)
R&D Firm’s Market -.50**
Capitalization (.23)
R&D Firm is Not Publicly .16
Traded (.11)
Log Likelihood -1669.84 -1143.78 -555.01
Restricted Log Likelihood -1941.06 -1371.59 -688.08

* Significant at the 10% level

** Significant at the 5% level
The estimated effects of the control variables are reported on the next two pages

*** Ggnificant at the 1% level
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Table 3, cont. Probit Model: Deter minants of Minority Equity Links. Control Variables.

1 (4344 obs) | 2 (2694 obs) | 3 (1031 aobs)
Variable Coefficient | Coefficient | Coefficient
(Std. Error) | (Std. Error) | (Std. Error)
Biotech/Biotech Dummy | -.17*** - 15%* .091
(.058) (.074) (.13)
Adjuvant .014 -.46 -72*
(.23) (.30) (.41)
Bioinformatics - 73%*
(.36)
Céell Therapy A7 -.13 -.56
(.20) (.28) (.41)
Combinatorial -12 -.33 -12
(.18) (.23) (.38)
Device -22 -.053 .24
(.14) (.35) (.56)
DNA Probes -14 -.36 -.40
(.19) (.41) (.70)
Drug Delivery -17 - 37** £ i
(.11) (.18) (.29)
Gene Expression -.071 -.24 -.24
(.13) (.18) (.31)
Gene Sequencing A2 071 -.25
(.16) (.21) (.33)
| mmunoassay -.35%*
(.14)
In-licensed Products -.19 - B5*** .94 x*
(.16) (.21) (.33)
Monoclonals .24* 10 -.20
(.12 (.17) (.24)
Natural Product -12 =31 .35
(.28) (.45) (1.03)
Oligonucleotides ALx** .19 -.24
(.14) (.18) (.26)
Peptides B0x** 27 .080
(.19) (.24) (.34)
Rational Drug Design -.097 -.43* - 75%*
(.21) (.24) (.32)
Recombinant DNA A1 -.13 -.20
(.13) (.17) (.24)
Screening .078 -.063 -.16
(.12 (.17) (.26)
Synthetics -.000048 -.35%* - 78x**
(.13) (.17) (.24)
Transcription Factors .38* .26 -.18
(.20) (.24) (.34)
Transgenics .26 .29 -.095
(.22) (.32) (.50)

* Significant at the 10% level

** Significant at the 5% level
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Table 3, cont. Probit Model: Deter minants of Minority Equity Links. Year Effects.

1 (4344 obs) | 2 (2694 obs) | 3 (1031 aobs)
Variable Coefficient | Coefficient | Coefficient
(Std. Error) | (Std. Error) | (Std. Error)
1985 .59* 40 31
(.30) (.39) (.54)
1986 54* .56 .35
(.30) (.39) (.58)
1987 .095 -.00056 -17
(.30) (.38) (.52)
1988 41 45 -.16
(.28) (.35) (.51)
1989 H52** B7%* .23
(.25) (.31) (.44)
1990 Dgr** .60** .38
(.23) (.29) (.42)
1991 .B6*** JI5*** .51
(.23) (.29) (.42)
1992 JOx** 91x** .65
(.22) (.27) (.412)
1993 T4xx*x T4x*F A42*
(.22) (.27) (.41)
1994 .B6*** 95*** 75%
(.22) (.27) (.41)
1995 Dgr** T6*** 19
(.22) (.27) (.40)
1996 .B5*** .80*** .38
(.22) (.26) (.40)
1997 .B0*** 82xx* 43
(.22) (.27) (.41)
1998 B2x** T4x*F 21
(.22) (.27) (.41)
1999 T3rr*E .86*** 34
(.22) (.27) (.42)
2000 Ha** J2xx* .52
(.22) (.28) (.44)
2001 Q7*** 1.10%** -37
(.29) (.38) (.74)

* Significant at the 10% level

** Significant at the 5% level
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Table 4. Marginal Effects of the Variables of I nterest, Computed at the Mean Values

1 (4344 obs) | 2 (2694 obs) | 3 (1031 aobs)
Variable Coefficient | Coefficient | Coefficient
(Std. Error) | (Std. Error) | (Std. Error)
Previous Alliances:
Different Technology and -.0043*** -.0060* ** -.0059*
Different Client (.00098) (.0014) (.0031)
Same Technology and -.0072x** -.010*** -.016***
Different Client (.0015) (.0021) (.0054)
With the Current Client -.025* -.051** -.077*
(.014) (.021) (.046)
Dummy Variables:
Research .025* .028 -.043
(.013) (.019) (.044)
Development .068*** .055*** .0012
(.011) (.016) (.037)
Technology 2% J19* .021
(.076) (.11 (.21
Supply .024 .017 -.031
(.016) (.024) (.047)
Manufacturing - 10%** - 13** -.060
(.033) (.056) (.12)
Marketing -.012 .0048 -.046
(.019) (.033) (.077)
Co-devel opment Nl .099* ** -.048
(.028) (.036) (.078)
Co-marketing .047** .058** .062
(.023) (.029) (.053)
Collaboration .032+* .020 .046
(.014) (.019) (.044)
The Contract Has Been Bx** A7rx* A7rE*
Modified (.012) (.017) (.036)
Stage of Signing:
Lead Molecule .032 -.017
(.030) (.062)
Pre-Clinical N A1+
(.032) (.067)
Formulation .011 A2
(.045) (11)
Phase 1 Clinical Trials .019 -.033
(.044) (.093)
Phase 2 Clinical Trials 0% .076
(.038) (.083)
Phase 3 Clinical Trials 5x** 16*
(.045) (.094)
PLA/NDA filed -.026 -.058
(.067) (.14)
Approved -.061 -.20%*
(.047) (12)
Size and Market Cap:
Size B3r**
(.083)
R&D Firm’s Market - 19%*
Capitalization (.083)
R&D Firm is Not Publicly .057
Traded (.041)

* Significant at the 10% level

** Significant at the 5% level

*** Ggnificant at the 1% level
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