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Technological Discontinuities and Interfirm
Cooperation: What Determines a Startup’s
Attractiveness as Alliance Partner?

Frank T. Rothaermel

Abstract—ncumbent firms often face severe challenges when Moreover, Christensen [10] has found empirical evidence for
confronted with technological discontinuous change. However, his claim that incumbents will generally succeed in adapting
interfirm cooperation between incumbents and new entrants has oan to discontinuous technological change as long as the
been suggested as one way that incumbents can adapt to radical - o . S
technological change. In particular, the authors are interested in new teChn0|09y_'S criical to the incumbents’ existing Va}lu?
the question ofhow incumbent pharmaceutical firms go about se- Network. He defines the value network as the context within
lecting alliance partners from the population of new biotechnology which the firm competes and satisfies important customers. In
firms, in their quest to commercialize a discontinuous innovation. g similar fashion, Tripsas [58] demonstrated that incumbents
The authors propose that a startup’s new product development, 1,5y e pyffered from the gale of creative destruction if they
economies of scale, public ownership, and geographic location in h th | t tst ialize th
a regional technology cluster are positively associated with the ave the necessary compiementary assets to Commerc!a Ize (he
startup’s attractiveness as an alliance partner. The authors find New technology. Further, Rothaermel [44], [45], found evidence
broad support for their model. that incumbents that possess complementary assets necessary

Index Terms—Biopharmaceutical industry, complementary to commercialize a radical new tech_nology may be in an
assets, incumbent—new entrant cooperation, technological @dvantageous position to leverage their complementary assets
discontinuities. via interfirm cooperation with new entrants and accomplish a
successful transition to the new technology.

While existing empirical evidence explaimgyincumbents
may survive and even thrive on radical technological change,

ECHNOLOGICAL discontinuities often create trementhe question ohowincumbents adapt to radical technological

dous difficulties for incumbent firms. For example, thehange has received little attention. Interfirm cooperation has
successful commercialization of xerography put manufacturéssen suggested as one way for incumbents to adapt to radical
of carbon paper out of business. Xerox, the innovator, rosettsthnological change [26], [44], [45]. In this paper, we pursue
dominance. Many other examples of discontinuous technolxe questionwhat determines the attractiveness of new entrants
gies igniting a Schumpeterian process of creative destructig® alliance partners for incumbent firms in the aftermath of
can be cited: incandescent light bulb, internal combusti@ndiscontinuous innovationWe study the biopharmaceutical
engine, radial tire, quartz, transistor, microprocessor, lasgidustry, which more than 1600 firms entered in order to com-
computerized axial tomography (CAT scan), digital imagingnercialize the new technology following Cohen and Boyer’s
and so on. The fact is that discontinuous innovations oftéeakthrough in recombinant DNA in 1973. This industry is
initiate a Schumpeterian process of creative destruction thtaracterized by extensive interfirm cooperation; indeed, it ex-
frequently leads to the replacement of incumbents by newbited the highest number of alliances among all industries
entrants [19], [31], [50], [51]. studied by Hagedoorn [27].

Nonetheless, some empirical evidence suggests that in¥et, the incumbent pharmaceutical industry, composed
cumbent firms may be able to successfully commercializeof companies established during the drug discovery frame-
discontinuous innovation if the incumbents have the necessamyrk based on chemical synthesis, is fairly concentrated and
financial and managerial resources and capabilities to masséyopolistic in nature [5]. The measure that is most commonly
such an adaptation. In their study of the U.S. auto industiysed to proxy an industry’s structure is the four-firm concen-
Abernathy and Clark [1] showed that incumbents are able fiation ratio (CR4), which represents the share of industry
benefit even from radical technological change that disruptales accounted for by the four largest firms [9]. The CR4 for
or makes obsolete the firm’'s existing technological compeie pharmaceutical industry in 2000 was 33%. The top-ten
tence, provided that the technological change simultaneouklgding pharmaceutical companies, which account for 60% of
entrenches the incumbent’s existing market customer linkagéts entire market share, are all characterized by heavy R&D

. . _ spending and a focus on the development of proprietary drugs
Manuscript received December 5, 2000; revised September 19, 2001 and . . .
24, 2002. Review of this manuscript was arranged by Special Issue Edit ] Moreover, the incumbent pharmaceutlcal firms are on
S. K. Kassicieh, B. A. Kirchhoff, and S. T. Walsh. average many times larger than the new biotechnology entrants.
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of the pharmaceutical and biotechnology industries into tkmtrants ensues in order to successfully commercialize the new
emerging biopharmaceutical industry, the question arises asg¢ohnology [46]. In general, the new entrants provide the new
how these large incumbent pharmaceutical firms, in their quésthnology and the incumbents provide the necessary comple-
to adapt to the new biotechnology, select alliance partners franentary assets. These complementary assets are regularly em-
the population of new entrants. We argue that the selectibadded in the downstream value chain activities like distribu-
of potential alliance partners is determined by new entratibn, marketing, and sales [56]. In such a situation, the question
firm-specific factors that serve as guideposts for the incumbearises:how do these incumbent firms select alliance partners
pharmaceutical firms. from the population of new entrant§¥e argue that the incum-

In Section II, we build theory and derive hypotheses préents use certain cues and signals to make their selection deci-
dicting a new entrant’s attractiveness as an alliance partner $twn with respect to whom they will choose as allies.
incumbents. We subsequently discuss the biopharmaceuticaDn the other hand, one may wonder why new entrants
industry, which is the research setting for this empirical studghould cooperate with incumbents to commercialize the new
In particular, we analyzed 973 strategic alliances betwe&thnology. It is important to note that new entrants have
traditional chemical-based pharmaceutical companies and nawnerous incentives to enter into alliances with incumbents,
biotechnology firms in the 25 year period between 1973 amacluding access to capital and the market as well as increased
1997. We then introduce our research design and methaddernal legitimacy. For example, new entrants may gain
before presenting our results. We conclude the paper withaecess to much needed capital to fund their resource intensive
discussion of our results, the contribution and limitations aésearch [41}]. In her study of the causes and consequences of
this study, and its implications for practice and future researclliance formation in the biopharmaceutical industry, Majewski
[35] has shown that there exists an informational asymmetry
between established pharmaceutical companies (informed
investors) and the (less informed) capital markets in assessing

Competence-destroying technological discontinuities affee quality and potential impact of the research conducted by
generally commercialized by new entrants [59]. The impact 88w biotechnology firms. Thus, new biotechnology firms may
competence-destroying technological discontinuities on the ise alliances with established pharmaceutical companies as
cumbent firm’s value chain is narrow but drastic. By definitiong substitute for equity financing because the incumbents are
this kind of technological change destroys the incumbent’source of comparatively cheaper capital. In addition, new
upstream, technology-oriented value chain activities. If trentrants may be forced to enter into alliances with incumbents
incumbent has valuable downstream assets that are neefle@rder to access the market, especially when the sales and
to commercialize the new technology, i.e., complementagijstribution channels are dominated by incumbents [41].
assets [55], and the new entrants are unable to integrate forFurther, institutional theory argues that firms pursue certain
ward because of lack of capital and/or difficulty in buildingactions and strategies to increase their external legitimacy
the appropriate downstream assets, then extensive interfld8]. Pursuing legitimacy enhancing strategies is particularly
cooperation between incumbents and new entrants may eneiiical for new ventures as their perceived potential for success
[44], [45]. Such interfirm cooperation is motivated by a seards highly uncertain, which leads many new ventures to fall
for mutually complementary assets [56]. It generally occuggey to the liability of newness [53]. The legitimacy of a new
in an industry where a few dominant incumbents contr@ntrant increases when an incumbent chooses to enter into an
access to the market while many new entrants provide the naliance with the new venture. Incumbent firms have overcome
technology [46]. the liability of newness and have an established track record

For example, the emergence of cellular telephony constitutetiperformance. Further, incumbents have accumulated social
a technological discontinuity in the way telephone communicgapital, reputation, and status in the process [4], which spill
tion is provided [46]. In cellular telephony, signals are carrie@ver to new entrants. Stuaet al. [54] showed that interorga-
from the user’s telephone to the switching network by radi@zational endorsements by reputable partners lead startups to
transmission rather than by wire. The incumbents in the teli@ster initial public offerings (IPO) and higher IPO valuations.
phone industry, the public and private switching companies,
were in need of radio technology. On the other hand, the new én- New Product Development and Attractiveness

trants, i.e., the radio-communication companies, were in need tqye argue that a startup’s new product development success
access the traditional switching networks since cellular calls 8§gracts the attention of incumbents. Successful new product de-
generally routed from the sender to the switching network ang|opment is critical for new entrants to gain access to cash
then to the receiver. Thus, the complementarity of the assets r\%g\,s, enhance external legitimacy and visibility, obtain first

by incumbents and new entrants led to extensive interfirm cogpgyer advantages, and as a consequence increase the chances of
eration in the telecommunications industry [17], which basicallyeir survival [49]. However, new entrants have, by definition,
suspended a Schumpeterian process of creative destruction [48lrack record of prior performance since they are struggling to

Following radical technological change, many new entrangymmercialize a new unknown technology. Any progress a new
enter the market to commercialize the new technology [31],

[50], [59]. Assuming that the incumbents retain valuable com-. . N ,
1Chiron, as the most research intensive biotechnology firm, spends 37% of

p'emef)tar}’ assgts needed tQ commermah;e the new technolqgyeyenyes on R&D in comparison to Pfizer, the most research intensive phar-
extensive interfirm cooperation between incumbents and neéwceutical company, which spends 17% of its revenues on R&D [22].

Il. THEORY AND HYPOTHESESDEVELOPMENT
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entrant makes with respect to further developing the new tedhthe new entrant participates in several technological subfields

nology toward commercialization should make the new entrantorder to benefit from economies of scope.

more attractive as an alliance partner for incumbents. Hypothesis 2:The relationship between a startup’s
From the incumbent perspective, alliances with new entrargsonomies of scope and its attractiveness as an alliance partner

can be viewed as real options on emerging products [18r large incumbent firms is positive.

Thus, incumbents allying with new entrants are creating cost

effective options—in comparison to acquiring new entrants, public Ownership and Attractiveness

outright—with respect to the innovative products developed by _— . . .
new entrants. The cooperation between the old-line pharmaceuMany ;tartups in high technoI(_)gy industries are partly, if not
tical firm Eli Lilly and the new biotechnology firm Genentechmosuy’ financed by venture capital. The goal of many venture

is a case in point. Genentech developed the biotechnolo italists is to takg the startup public as soon as they expect
drug Humulin (human insulin), which attracted the attentio return above Fhe'r predetermined benchmark h“fd'e [20]' A
of Eli Lilly, the market leader in insulin. Humulin was the first avorable valuation at the IPO return_s C?Sh for the risky invest-
biotechnology drug to receive approval from the Food a ent undertaken by the venture capitalist. The management of

Drug Administration (FDA) and was commercialized throug ethstartugl_may alsotfavor ar;] earlydIF;O beﬁatusfg Selllngthequny
a licensing agreement between Eli Lilly and Genentech. At th the public generates much-needed cash to finance the new

industry level, we observe that the incumbent pharmaceuti nture’s research, development, and growth. In addltl_on, the
firms marketed and distributed seven of the top-ten selli O allows managers to exchange personal stockholdings for

biotechnology drugs in 1999, even though none of the dru S_h‘ Further, new ventures_ may se_ek an early IPO to _e_nhance
were developed by incumbents [22]. Thus, the new prod ir external legitimacy. Going public enhances the legitimacy

development success of new entrants seems to enhance #ldhe new venture because it demonstrates to the company’s ex-
attractiveness as alliance partners for incumbents ternal stakeholders that the firm has followed and passed the ac-

Hypothesis 1:The relationship between the startup’s r]e\,ﬂ.;epted and time honored rules and regulations required in order

product development and its attractiveness as an alliance par 0 public. Furt_her, n r_ughly uncertain environments fqund n
for large incumbent firms is positive igh technology industries, startups may opt to go public as an

outcome of mimetic isomorphism [15], i.e., the intention of the
startup might be to become more like the successful companies
B. Economies of Scope and Attractiveness in their environment, which are generally publicly traded.
We argue that startups with the stamp of approval from Wall
reet may be more attractive alliance partners than are pri-
%/ately held startups without such an endorsement. ®ah
2] found that publicly traded startups had significantly more
liances than did privately held companies. By going through
e IPO, publicly held start ups have established a track record

The probability of success for commercializing a newk,
technology isa priori unknown. Many new technologies hav
trajectories that are based in a number of subfields [16].
new entrant, in its attempt to commercialize a new technolo
may benefit from economies of scope by participating in @

number of related technological subfields. These startups M&y, yherence to rules and regulations that privately-held startups

!ev:ara%? ligow,lai(iﬁe and tet_chnlqtl;]es acrosst se\:eral tec;)hno %gk' Further, the public startup was endorsed by the investment
|tca su Iet S € s?me |me,t ehne:/v en rlan Zfr_n%y. € a%egnker that took the firm public [54]. Thus, the uncertainty for
0 géenerate revenues from one technological sublield in or rarge incumbent entering an alliance with such a new entrant

to finance research'ln another technological SUbf'GIC.j' For S reduced. Further, publicly traded companies in general obtain
ample, many new b|otechnology startups focus on d'?‘Q”OSt ore coverage in the business press, which in turn may alert
_and therapeutlgs at the_ same time. The idea behind this strateqy, ,hents 1o pursue such startups as potential alliance part-
is to commercialize diagnostic prqducts gnd then to use &rs. H. S. Parker [40], the CEO of the biotechnology startup
(rjeven(;;_e stream g%ngrateld by thf i?gn_?hstm product.:, to I'n?%?geted Genetics, indicated that every time there is an article

rug discovery and cevelopmen [ .]' us, new entran's .r}:\%outTargeted Genetics in the Wall Street Journal, the telephone
focus on several technological subfields may be in a posmgﬂl

! . : I ring off the hook with incumbent pharmaceutical compa-
to benefit from economies of scope and thus improve thEers calling and offering alliance possibilities.
performance.

. L Hypothesis 3: A publicly traded startup is more attractive as
On the other hand, incumbents are generally active in S\ alliance partner for large incumbent firms

eral lines of business. Owing to a greater likelihood of similarity
with their research or general business orientation, new entrants _ . .
that realize economies of scope may be more attractive as 1_Geograph|c Location and Atiractiveness

liance partners for large incumbent firms than are startups thafThe geographic location of firms has been of interest to
focus only on one technological subfield. Lane and Lubatkstholars ever since Marshall [37] studied what he called
[33], in their study of strategic alliances between incumbentsdustry nodes” and remarked that there was steel in the
and new entrants in the biopharmaceutical industry, found ttet in Sheffield. If we fast forward to the beginning of the
the ability of firms in an alliance to learn from one another wa&lst century, we witness that the importance of the regional
strongly influenced by the similarity between the knowledgechnology cluster is still prevalent despite globalization and
base and the internal knowledge processing structures of the tivastic advancements in telecommunications that might lead us
firms. We argue that the probability of such a similarity is higheo believe that geography would be less important. For example,
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in the U.S. we see clusters of semiconductor firms in Silicamlogy cluster is a cost-effective way to tap into the knowledge
Valley, computer manufacturers in Austin, biotechnology firmembedded in the regional technology cluster when compared to
in Seattle and San Diego, ceramics firms in Corning, arlde cost of acquiring a firm located in the cluster or establishing
electrooptics firms in Orlando. In Europe, we see regionalphysical presence in the cluster.
technology clusters in the car industry in southern Germany,Hypothesis 4:A startup located in a regional technology
the textile industry in the Emilia Romagna region in Italy, theluster is more attractive as an alliance partner for large
Scientific City in France, and the Motor Sport Valley in thencumbent firms.
U.K.

Porter [42] has defineq a regional cIustgr as a g_quraphi— lIl. RESEARCHSETTING
cally proximate group of firms and supporting associations in
a particular field linked by commonalities and complementar- The research setting is the biopharmaceutical industry. This
ities. These firms and associations are interconnected throd@Hn comprises the industrial sector composed of nonprofit
formal and informal networks. There are several benefits &fganizations conducting basic and applied research in biotech-
sociated with firms that are located in a regional technolodiplogy such as universities and other research institutions,
cluster. Saxenian [48], in her study of interfirm networks ifiew biotechnology firms dedicated to commercializing the
the semiconductor industry in Silicon Valley, notes that beingeW technology such as Amgen and Chiron, and traditional
located in that technology cluster allows firms to be part of Bharmaceutical companies such as Merck or Pfizer that partic-
regional network-based industrial system that fosters organi#ate in biotechnology for drug discovery, development, and
tional |earning and flexible adiustments among Specia]ist prgommercialization. In this StUdy, however, we focus on a subset
ducers of related technologies. Further, she argues that thedfethe biopharmaceutical industry, i.e., we study how large
gion’s open labor market combined with dense social networR§tablished pharmaceutical companies (incumbents) go about
based on formal and informal ties allows for personnel to mowélecting alliance partners among small biotechnology startups
easily between firms and to spread cutting-edge knowledge dRgW entrants).
practices throughout the region. In addition, dense social net-The emergence of biotechnology can be seen as a compe-
works and open labor markets encourage the creation of né&Rce-destroying technological discontinuity in the way drugs
ventures as well as low cost experimentation at established firg{€ discovered and developed [54]. Competence-destroying
[7]. technological discontinuities are generally commercialized

Thus, it is important to note that firms commercialize a neRy new entrants [59]. This is the situation in the biopharma-
technology not only through internal R&D efforts, but alsgeutical industry, as many new biotechnology firms emerged
through the absorption of know|edge from external sourcts commercialize this technological breakthrough. Since the
such as competitors, suppliers, customers, trade associatid§, 1970s, more than 1600 new companies have entered the
formal and informal meetings, and the movement of personf@flustry to commercialize biotechnology, the majority of them
[12]. External sources of innovation available in technologyith a focus on pharmaceuticals. These new biotechnology
clusters create knowledge spillovers that benefit firms that dféns focus primarily on basic research, drug discovery,
located in a technology cluster. It has been suggested that th@d@ development. Since forward integration is difficult,
spillovers are more important catalysts for innovation than aR@w biotechnology entrants generally pursue alliances with
inventions undertaken within the firm [36]. Deedsal. [14] incumbent pharmaceutical firms to access the downstream
showed that firms that are located in a regional technolo§@pabilities of the incumbents in order to enter the market for
cluster may experience advantages over firms that are Rd@rmaceuticals. Traditional pharmaceutical companies are, in
located in a regional technology cluster with respect to tHern, motivated to partner with new entrants as this allows the
development of innovative products. In addition, Jadteal. incumbents to leverage their existing complementary assets in
[30] found that knowledge spillovers are generally limited téhe drug approval process and in sales and distribution through
the geographic location of the specific technology cluster. ~ detail people [44], [45]. The cooperation between Biogen

Further, Porter [42] argued that the competitiveness ofa&d Schering-Plough in commercializing Intron A as the first
region depends on factor endowments, local demand conliotech-interferon product approved for cancer treatment and
tions, competitiveness of related and supporting industries, 2@ cooperation between Chiron and Merck to commercialize
strategy, structure, and rivalry. Firms located in a technologfje drug Engerix-B for the prevention of hepatitis B are exam-
cluster benefit from those re-enforcing factors as they ha@ées of cooperative arrangements in which incumbents and new
a positive impact on the firms’ Competitiveness and inn@ntrantS searched out their mutua”y Complementary assets.
vativeness. This, in turn, should enhance the attractiveness
of a startup as a potential alliance partner for an incumbent V. RESEARCHDESIGN AND METHODS
that is attempting to adapt to a new technology via interfirm
cooperation. Through an alliance with a new entrant locatéd Sa@mple and Data
in a regional technology cluster, the incumbent firm is in a We identified all new biotechnology firms fully dedicated to
position to not only tap into the knowledge contained in itiumanin vivo therapeutics listed in the BioScan [6] industry
alliance partner but also to tap into the knowledge and expertitieectory. This segment of the biotechnology industry is com-
embedded in the cluster through spillover effects. Furthgmised of new biotechnology startups engaged in the discovery
establishing alliances with firms located in a regional tectand development of biotechnology drugs and diagnostics that
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are placed inside the human bodyyivo) as opposed tim vitro  for new entrants. Moreover, along with publicity and FDA re-
therapeutics that are used outside the human body. We focugetding comes the attention of large incumbent pharmaceutical
on in vivo therapeutics because the firms engaged in this sdigms.
ment of biotechnology are subject to extensive regulatory re-3) Economies of Scop&conomies of scope exist when it is
guirements (e.g., FDA in the U.S.), which require detailed reheaper for a new biotechnology firm to focus on the research
porting of the products in development. The stringent reportirggnd development of two or more products together rather than to
requirements imposed by regulatory authorities ensured a lpowrsue each separately [3]. In biotechnology, technology plat-
mogenous sample of firms focusing on the same segmentfanms and trajectories are typically based on a number of dif-
biotechnology and aided us in coding the qualitative data. ferent subfields [16]. Participating in different biotechnology
BioScan provides one of the most comprehensive publictybfields may allow the new entrant to realize economies of
available directory covering the global biotechnology industrgcope.
It has been used in a number of different studies (e.g., [13],For example, Immunex has used its expertise in immunology,
[33], [43]-[45], and [47]). Our sample is comprised of 325 neyarticularly in cytokine research, to develop Leukine, a product
biotechnology firms that entered 973 strategic alliances wifbr oncology. Moreover, levering the knowledge gained from
incumbent pharmaceutical firms in the 25 year period betwe#re development of Leukine into the field of rheumatology al-
1973 and 1997. BioScan contains detailed qualitative informlawed Immunex to develop its blockbuster drug Enbrel. Both
tion on each alliance that a new biotechnology firm is engagétke oncology and the rheumatology subfields involve cytokine
in. The qualitative information about the alliance agreementssearch. Thus, Immunex was able to expand its subfields of
includes information about whom the alliance is formed withtherapeutic indications based on economies of scope derived
when it was entered, what activity of the value industry chafinom its initial research in cytokine. More recently, Immunex
it encompasses (e.g., drug discovery, development, productibas expanded into the cardiovascular subfield with Nuvance for
clinical trials, FDA regulatory process, sales and distributionfhe treatment of asthma and Novantrone for the treatment of
and the type of agreement (research, development, licensimltiple sclerosis, again driven by economies of scope derived
marketing, equity investment, etc.). We studied all 973 alliané®m its expertise in immunologyThus, we proxied a startup’s
descriptions and coded the qualitative data based on a codémgnomies of scope through inclusion of a count variable repre-
scheme discussed below. In order to gain a better understandiagting the number of biotechnology subfields in which a new
of interfirm cooperation in this highly dynamic industry, weentrant firm participates [52].
augmented the secondary data with a dozen semi-structured)Public versus Private Ownershi@/e included an indicator
interviews conducted with company founders, executivegsriable to differentiate between public and private ownership,
(including CEOs), board members, managers, and scientistsvith 1 = Public firm.

the biopharmaceutical industry. 5) Regional Technology Clustene identified the top-ten re-
gional technology clusters in the U.S. following the biotech-
B. Measures nology industry report by Lee and Burrill [34]. The number

1) Attractiveness as Alliance Partnéfhe dependent variableOne cluster is the San Francisco Bay Area with 204 biotech-
is theattractiveness of a new biotechnology fiam an alliance Nnology firms (about 16% all biotechnology firms are located
partner for established chemical-based pharmaceutical compgre—based on the 1300 firms covered by Lee and Burrill [34]).
nies. We measured the attractiveness of a new biotechnolddye number ten cluster is the Austin, TX, area with 53 biotech-
firm by the number of times the new entrant was chosen B8logy firms (about 4% of all biotechnology firms). Thus, our
an alliance partner by incumbent pharmaceutical firms, i.e., Byplicit cutoff point is that at least 4% of all biotechnology
the number of its pharmaceutical alliances. The number ofigms must be located in the same geographic region for the
startup’s pharmaceutical alliances corresponds positively to &a to qualify as a regional technology cluster. Based on the
attractiveness as a collaborative partner for large pharmaceut@@®graphic location of the biotechnology startup, we included
companies. an indicator variable to differentiate between firms located in a

2) New Product DevelopmerioScan includes a section detechnology cluster and firms not located in a technology cluster,
scribing in detail each biotechnology firm’s new product deveWith 1 = located in a technology cluster.
opment activities. We coded all products that a new entrant had®) Other Alliances A biotechnology startup can enter into
in preclinical trials, clinical trial phases I-1lI, or in the FDA ap-three different types of alliances: vertical-upstream alliances
prova| process as new product deve]opment‘ Once a productwgg nonprofit research institutions like universities to procure
reached the preclinical trial stage, the FDA requires detailed fasic research; horizontal alliances with other biotechnology
porting about the product. In addition, the new biotechnolodfms to achieve economies of scope and scale; and ver-
firm generally seeks out the business press to publicize its stiéal-downstream alliances with pharmaceutical companies to
cessful new product development. Moreover, only about 2.586Cess the pharmaceutical companies’ expertise in regulatory
to 5% of all the compounds screened by a new biotechnologianagement and drug distribution [2], [47]. In this study, we
firm reach the preclinical trial stage [22]. This indicates that tHecus on 973 vertical-downstream alliances that biotechnology
produc[s we included in our new product deve|opment coupiartups have entered with incumbent pharmaceutical firms.
have a|ready overcome a major obstacle on their way to gdowever, the number of vertical-downstream alliances that a
coming a biotechnology drug approved by the FDA. Thus, iden-
tifying promising lead candidates is a critical success mileston&Source: Author's interviews at Immunex.
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TABLE |
DESCRIPTIVE STATISTICS AND BIVARIATE CORRELATION MATRIX

Mean Std. Dev. Min. Max. 1. 2. 3. 4. 5. 6. 7. 8. 9. 10.

1. Attractiveness as Alliance Partner 2.99 3.57 0 31

2. Other Alliances 3.86 4.47 0 33 045

3. Equity vs. Non-Equity Alliances 0.05 0.16 0 1 -0.01 0.02

4. Innovativeness 5.02 13.39 0 152 0.49 0.50 0.02

5. Firm Age 9.61 4.62 1 27 0.33 0.20 -0.02 0.30

6. Firm Size 164.52 572.88 3 7500 0.43 0.62 0.02 061 024

7. Subsidiary 0.08 0.27 0 1 0.01 0.00 -0.06 -0.01 0.05 0.01

8. New Product Development 5.14 4.06 1 24 039 046 0.11 028 0.18 0.36 -0.07

9. Economies of Scope 6.23 4.71 1 33 0.42 043 002 037 0.27 0.39 0.03 0.32

10. Public Ownership 0.69 0.46 0 1 022 0.08 -0.01 0.12 0.17 0.09 -0.18 0.22 0.06
11. Regional Technology Cluster 0.63 0.48 0 1 011 0.11 0.09 0.13 -0.01 0.10 0.01 0.16 0.02 0.04

Correlations greater than or equal to 0.28 are significant 0.05), N = 325.

new entrant has entered should be positively correlated withl1l) Subsidiary versus Independem/e included an indi-
the number of vertical-upstream and horizontal alliances that#tor variable to distinguish between independent firms and
has entered. We controlled for this effect through the inclusi@ubsidiaries, assuming that independent firms will be more
of the variableother alliances which is the sum of the new attractive as alliance partners for incumbent firms, with=1
entrant’s nonprofit (vertical-upstream) and biotechnologyubsidiary.
(vertical-downstream) alliances.

7) Equity versus Non-equity Alliance#/e controlled for eg- C. Estimation Procedure
uity alliances (strong ties) versus non-equity alliances (weak
ties) [23] through inclusion of the ratio of equity alliances over,
non-equity alliances for each biotechnology startup.

8) InnovativenessWe controlled for the new entrant’s inno-
vativeness through inclusion of the number of patents it had o

tained in the ime period between 1991 and 1995. We chose Beedure is indicated to test the hypotheses. We preferred

flvg-year period betwegn 1991 and 1995 for three reasons. Fi ﬁ% negative binomial model over the Poisson model since the
a five-year measure adjusts for the seasonal fluctuation of a N8%sson model has the restrictive prerequisite of mean and

b|otegljrlolohgy f||rm r?celvmg pate;fllts(:;n an); given year. Secor\?ariance equality. In the social sciences, mean and variance
new biotechnology TIrms generally do not receive very ma quality is the rare exception rather than the rule [32].
patents (about one per year) since many are small startups. Thus

a longer time period should capture patent activity more effec-
tively. Third, the time frame 1991 to 1995 allows for time to
elapse prior to December 1997, the date when we took stocklhe 325 firms entered into 973 pharmaceutical alliances and
of the pharmaceutical alliances the new entrant had entereti253 other alliances, which split into 729 alliances with other
A similar measure for innovativeness was used in prior studibmtechnology firms and 524 alliances with nonprofit research
[45], [52]. The number of patents should be positively assoaganizations. The average new entrant had entered into three
ated with the new entrantattractiveness as alliance partner pharmaceutical alliances and four other alliances, had 5% equity
The patent data was obtained from the U.S. Patent and Tradleances, had held five patents, had participated in six biotech-
Mark Office. nology subfields, was 9 1/2 years old, had 165 employees, and
9) Firm Age We controlled for the new entrant’s firm agehad five products in development. About 69% of the firms were
assuming that older firms are likely to have a higher number pfiblic, 63% were located in a regional technology cluster, and
cooperative arrangements than are younger firms. 8% of the firms were subsidiaries. A descriptive statistic of the
10) Firm Size We also controlled for firm size. In general,variables as well as a correlation matrix can be found in Table I,
firm size is measured in revenues or market share; howewehile Table Il depicts the regression results.
most new biotechnology startups do not have a positive revenuéModel 1 depicts the base model including the control vari-
stream at this point. Thus, we controlled for a new entrant’s firables only. We find that the control variablegher alliances
size by using the number of employees as a proxy, assuming tinabvativenessandfirm age are positive, as expected, and sig-
larger firms are likely to have more alliances than are smallgificant atp < 0.05 or smaller. The overall model is signifi-
firms. cant atp < 0.001. These coefficients remain significant in all
subsequent models (at< 0.1 or smaller). We also see weak

3This is the publication date of the BioScan industry directory [6] used for f iabl llina . .
this study. support for our variable controlling for equity versus non-equity

The hypotheses were tested using a multivariate regression
odel. Since the dependent variable is an integer count vari-
able, OLS estimates of regression coefficients would have been
symptotically biased and inconsistent [25]. Therefore, a neg-
ive binomial model with a maximum likelihood estimation

V. RESULTS
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TABLE I
REGRESSIONRESULTS

Dependent Variable: Attractiveness as Alliance Partner

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

(Base)
Intercept 0.3112** 0.1762" 02424* 345E-4 01829 -0.2126"
(0.1334) (0.1360) (0.1337) (0.1510) (0.1516) (0.1647)
Other Alliances 0.0410** 0.0218" 0.0334* 0.0428"* 0.0404** 0.0222"

(0.0144) (0.0148) (0.0144) (0.0141) (0.0143) (0.0144)
Equity vs. Non-Equity Alliances -0.3262 -0.5453" -0.3127 -0.2965 -0.3497 -0.4807"
(0.3818) (0.3842) (0.3758) (0.3751) (0.3796) (0.3730)

Innovativeness 0.0064* 0.0103* 0.0087* 0.0086* 0.0086* 0.0080*

(0.0050) (0.0042) (0.0049) (0.0048) (0.0050) (0.0046)

Firm Age 0.0513*** 0.0426™* 0.0429™* 0.0434*** 0.0524*** 0.0332**

(0.0122) (0.0120) (0.0123) (0.0119) (0.0121) (0.0119)

Firm Size 1.52E-5 -3.85E-5 -2.25E5 -1.93E-6 1.17E-5 -6.24E-5

(1.23E-4) (1.12E-4) (1.19E-4) (1.17E-4) (1.22E-4) (1.06E-4)

Subsidiary -0.070 0.0182  -0.0934  0.0902 0.0785 0.1044

(0.1957) (0.1910) (0.1933) (0.1958) (0.1949) (0.1894)

New Product Development 0.0546*** 0.0372**

(0.0140) (0.0139)

Economies of Scope 0.0291** 0.0235*

(0.0109) (0.0106)

Public Ownership 0.5050*** 0.4383***

(0.1211) (0.1192)

Regional Technology Cluster 0.1928* 0.1587"

(0.1098) (0.1052)

Log Likelihood -689.46 -681.90 -685.86 -680.95 -687.93 -672.19
Degrees of Freedom 7 8 8 8 8 11

Chi Square 447 877 462.99"" 455.06™ 464.89"* 450.93*** 482.46"**

Improvement over Base (Ax?) 15.12***  7.19*** 17.02*** 3.06™** 34.59***

Standard Errors in Parenthes&p;< 0.1; *p < 0.05; **p < 0.01; ***p < 0.001.
Models are negative binomial count using a maximum likelihood estimation procedure.

alliances. The coefficient is negative throughout all models, aates thategional technology clustéds positive and significant
expected, and marginally significant at< 0.1 in Models 2 (p < 0.05). Thus, we find preliminary support for Hypotheses
and 6. We added the variables of interest individually to ascer4.
tain their unique contribution (Models 2-5), before estimating Model 6, the full model, reveals the followingew product
the full model (Model 6). Models 2—6 each represent significadevelopmenis positive and significantp < 0.01), economies
improvements over the base modepat 0.001. of scopels positive and significanfp < 0.05), public owner-
Hypothesis 1 states that the greater the startup’s new prodsitip is positive and significantp < 0.001), and location in a
development, the higher its attractiveness as an alliance partregional technology clustés also positive but only marginally
for large incumbent firms. Model 2 indicates thw product significant(p < 0.1). In sum, we find strong support for Hy-
developmeris positive and significar(y < 0.001). Hypothesis potheses 1-3 and some support for Hypothesis 4.
2 postulates that the greater the startup’s economies of scop&ubsequently, we applied a Wald-type test for the differential
the higher its attractiveness as an alliance partner for large impact of each coefficient on the startuglifiractiveness as al-
cumbent firms. Model 3 shows thatonomies of scops pos- liance partnerbased on the results obtained in the full model
itive and significant(p < 0.01). Hypothesis 3 indicates that(Model 6) [11]. The statistically significant rank order of the
publicly traded startups are more attractive as alliance partneasiables (1= most important) with respect to their differen-
for large incumbent firms than are privately owned startupsal positive impact on the startupattractiveness as alliance
Model 4 indicates thgpublic ownershigs positive and signif- partneris: 1) public ownership2) regional technology cluster
icant(p < 0.001). Hypothesis 4 proposes that startups that a8 new product developmerand 4)economies of scope
located in a regional technology cluster are more attractive as al; - _— .
. . . The statistically significant differences were all at the< 0.001 level ex-
liance partners for large incumbent firms than are startups th

) 4 - _@;Bt the difference between location regional technology clusteand new
are not located in a regional technology cluster. Model 5 indifoduct developmenwhich was at the < 0.1 level.
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VI. DISCUSSION important selection criterion for incumbents is the startup’s new
product development. Thus, a startup’s success in new product
) ) ) development clearly signals that the new entrant is a potential
Abernathy and Clark [1] point out that an incumbent will gennigh performer that would make a good alliance partner. Incum-
erally succeed in commercializing a discontinuous innovatiggnt firms count on the notion that past performance predicts fu-
that disrupts the incumbent’s technological competencies if thge performance. Finally, a new entrant's economies of scope
innovation simultaneously entrenches or conserves the inCuie significant with respect to the firm'’s attractiveness as an al-
bent's existing market linkages. This kind of innovation—whafance partner, but to the least extent of all the variables studied.
Abernathy and Clark call revolutionary innovation—seems 18 focus on certain disease categories may be more important
be the kind of innovation we are witnessing in the biophagnan the entrant’'s economies of scope because it may accom-
maceutical industry. The new biotechnology renders obsolgish a match based on similarities between the incumbent and
the technological competencies of the incumbent pharmaceghs new entrant. This should be investigated in future research.
tical firms in chemical-based synthesis, while at the same timegased on the control variables, our results seem to indicate
sustaining the importance of market-oriented competencies ligt startups that engage in alliances with vertical-upstream part-
clinical testing, FDA regulatory approval, and drug distributioRers in the industry value chain like universities and in hori-
through a tremendous sales force of detail people {46]. zontal alliances with other biotechnology firms also seem to be
Others have pointed out that incumbents may survive raghyactive alliance partners for incumbent pharmaceutical firms.
ical technological change through strategic alliances establisrmgtechnobgy startups reach upstream in the industry value
prior to the emergence of a technological discontinuity [39] Qhain to access the basic knowledge generated in research in-
by utilizing complementary assets in the aftermath of a discogytutions. They reach horizontally to other biotechnology firms
tinuity [58]. Further, it has been demonstrated that incumbengs achieve economies of scale and scope. Finally, the biotech-
may be in an advantageous position to commercialize a discgyiogy startups reach downstream in the industry value chain to
tinuous innovation via interfirm cooperation with new entrantsgmmercialize their new products [47].
when the incumbents control the complementary assets neede@ommercializing new biotechnology products is highly
to commercialize the new technology [44], [45]. In this papefisky and resource intensive. It can take up to 15 years and cost
we attempted to answer the questibow do incumbent firms gyer $500 million to bring a promising molecule to the market
select alliance partners from the population of new entrants?[g]. Even worse, most of the promising lead candidates will
We advanced the notion thatincumbents choose alliance padt pe able to successfully complete clinical trials and gain
ners from the population of new entrants based on the startupjsa approval. Inmunex’s CEO Fritzky has indicated that the
new product development, economies of scope, public own@fance that a newly discovered biotechnology molecule will
ship, and location in a regional technology cluster. In our emfyyake it from the start through finish in the drug commercial-
pirical study of alliance formation in the biopharmaceutical iny ation process is approximately 0.0115% or about 1 in 11 500
dustry, we found support for our theory as the above-mention[e‘q]_ Thus, one blockbuster drug like Amgen’s top-selling
characteristics of startups are statistically significantly aSSO%ii'otechnology drug Epogen, which generates about $2 billion
ated with their attractiveness as alliance partners for large ggtes annually, must compensate for all of Amgen’s drugs
tablished firms. Further, it is interesting to note that our resuli§at do not make it through clinical trials and FDA approval
indicate that public ownership has the strongest impact on §€do not perform well on the market. It is important to note
startup’s attractiveness as an alliance partner, followed by 10¢gat plockbuster drugs like Amgen’s Epogen or Genentech’s
tion in a technology cluster and then by a startup’s new prodygtmulin are the rare exception rather than the rule. Given the
development and economies of scope. It seems that public firgiicult and resource intensive nature of the drug development
have earned legitimacy and thus are attractive alliance partngkg approval process, large incumbent pharmaceutical firms
for incumbent pharmaceutical companies. External legitimagye advantageously positioned to commercialize promising
seems to be particularly important in high-technology indugjiotechnology drugs that are discovered and developed by new
tries, where the dynamic environment can lead to the extinctigihtechnology firms. The incumbent firms’ financial resources
of many new entrants [28]. Firms that have gone public have ofyg management expertise in the FDA approval process and
tained the stamp of approval from the financial community aﬂﬂug distribution allow them to secure this advantageous
have thus reduced their liability of newness [53]. This, in tUrihosition [44], [45].
makes them attractive alliance partners for incumbents. Our control variables further seem to indicate that startups
According to our empirical results, the next most importaqkat have a higher ratio of equity alliances in their overall al-
new entrant characteristic is geographic location in a regiongjnce portfolio are generally less attractive as alliance partners
technology cluster. It seems that incumbents select startupstlg-jarge incumbents. Equity alliances are strong ties that signal
cated in a regional technology cluster not only to tap into the pharmaceutical company’s ownership position in a biotech-
knowledge embedded in the startup but to also to tap into thglogy startup. This may deter other pharmaceutical compa-
knowledge contained in the technology cluster. The third magfes from entering an alliance with a biotechnology startup that
is partly owned by one of their competitors. We also found
that the more innovative biotechnology startups are consistently

5Large pharmaceutical companies have sales forces that approach or exg_QQJe attraCt“_/e as a”'ar?(_:e partners for 'ncumbent. pharmaceu-
15000 people. tical companies. In addition, as expected, older biotechnology

A. Contribution
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firms were chosen more often as alliance partners by large phidwat our results are not materially influenced by a potential sur-
maceutical firms. Achieving innovation and gaining external le4vorship bias.
gitimacy occur over time, which is reflected in the significance

of the firm age variable. C. Managerial Implications
The results of our study also have implications for the prac-
B. Limitations ticing manager in high-technology startups. We are able to con-

Wi Id also lik . hat thi dvh (i tribute the notion that public startups make more attractive al-
e would also like to point out that this study has severallifg, .o hartners than do private startups. Pursuing an IPO may

ltations. Qne limitation of Fhls studyis that we are focusing onl enerate many more intangible benefits besides trading equity
on one kind of technological change, i.e., we focus on a revp-

luti . on 111 While f ; i r cash. Clearly, the manager of the startup should also keep in
utionary innovation [1]. lle focusing on one specific typeyi that successful new product development attracts alliance
of technological change may be limiting in some aspects,

beli h haf I i insights into how i QArtners. Further, geographic location matters. If possible, the
elieve that such a focus allows us to gain InsIghts INto NOW I} 3 ger should locate the company in a regional technology

cumbents cgmmercllallze' this type of @scontmuous INnovatiof) sier pecause this also seems to enhance the firm'’s attractive-
Understanding the interfirm cooperation that seems to fOIIOH\éss as an alliance partner for large incumbents

revolutionary innovations is particularly importantin light of the
fact that seven of the top-ten selling biotechnology drugs on the
market are marketed by incumbent pharmaceutical companies
even though none of the drugs were developed by incumbentswe believe that attractiveness as an alliance partner is an
Sales of these seven products amounted to more than $5 billiportant variable in the equation that determines the success
in each of 1998 and 1999 [22]. More importantly, the incumbeof high-technology startups. Several studies have shown that
pharmaceutical companies extract about 50% of the reventiesre exists a positive relationship between a startup’s strategic
generated. For example, the biotechnology firm Immunex intralliances and its performance [13], [14], [47], [52]. In this
duced Enbrel, a radical new treatment for rheumatoid arthriigper, we introduced the constructatfractiveness as alliance
based on a genetically engineered human protein. Enbrel is cpartner, which we view as an antecedent to alliance forma-
sidered a blockbuster drug that is forecasted to reach $5 billiton with incumbents and subsequently to new entrant firm
in sales by 2005. Nevertheless, Immunex must share this reerformance. Empirical evidence seems to support the claim
enue stream with American Home Products (AHP), whose satlat both incumbents and new entrants benefit from interfirm
force copromotes Enbrel (i.e., the revenue partition is 55/45 hesoperation in their attempts to cooperatively commercialize
tween Immunex and AHP). Moreover, the biotechnology firra discontinuous innovation [2], [44], [45], [47], [52]. One
ICOS developed Cialis, which will be managed through thguestion that remains iwho benefits more®e suspect that
FDA and distributed by the pharmaceutical company Eli Lillincumbents benefit relatively more than new entrants, even
Cialis is expected to compete head on with Pfizer’'s blockbust#ough the incumbents help generate the available rents in the
drug Viagra in the market for sexual dysfunction worth severfitst place. Thus, interfirm cooperation between incumbents
billion dollars. Once Cialis is commercialized, however, the resand new entrants in commercializing a discontinuous inno-
enue partition will be 50/50 between Lilly and ICOS. vation creates a win-win situation, but the incumbents seem
A further limitation of this study also concerns its generako win disproportionately more than the new entrants. This is
izability, since the biopharmaceutical industry is heavily regan interesting proposition that should be taken up in further
lated. In our theory building, we assume that incumbents contresearch.
access to the market and have the necessary capital to com-
mercialize a radical new technology. A situation similar to that ACKNOWLEDGMENT
of the biopharmaceutical industry can be found in the deregu- _ )
lated telecommunications industry after the emergence of cel-1 € author would like to thank the Editors, two anonymous
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