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Abstract

Despite the importance of partnership for commercialization of innovations in startups, it is not easy for startups to persuade an 

established firm to collaborate on a completely novel idea. If information transfer about the innovations is too costly, startups may avoid 

pursuing radically new projects. Our paper examines the impact of policy signals on the novelty of the innovations pursued by startups. In 

the context of the Orphan Drug Act(ODA), we find that startups develop more radical therapies when policy signals help them to convince 

potential partners of the value of prospective therapies. While the likelihood of partnership increases, the timing of partnership is delayed in 

ODA-affected fields.
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Ⅰ. Introduction

High-tech startups are important sources of radical 

innovation, or novel and unique technological advances in 

which new scientific knowledge is applied to meet unfulfilled 

needs of customers and create new markets(Henderson 1993; 

Christensen 2013). Since most startups lack the resources and 

knowledge necessary to deliver innovations to market 

independently, they often partner with large firms that possess 

well-established commercialization assets(Teece 1986; Gans & 

Stern 2003; Arora et al., 2004; Katila, Rosenberger and 

Eisenhardt 2008). However, it is costly to accomplish radical 

innovation through inter-firm partnership; if one partner lacks 

verifiable information, such as scientific references, or 

experience with market performance of similar technologies, 

the partnership may be susceptible to information 

asymmetry(Spence 1978). An issue is that, without tapping 

into the commercialization assets owned by large partners, it 

costs far beyond what a single startup can afford to develop 

innovations enough to convince a partner. This presents a 

dilemma: the startup needs a large partner to prove the 

concept of a new technology, but it is unlikely to attract a 

partner without proving the concept. If it is disproportionately 

costly to market their products through an inter-firm 

partnership, startups may change their focus from promoting 

radical innovation to incremental development, which is easier 

to convince a partner to support. We examine the role of 

policy-backed quality signals in motivating startups to pursue 

radical innovation and to deliver radical innovation to market. 
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2.1. The impact of information

asymmetry on the commercialization

of radical innovation

High-tech startups play an important role in bridging the 

gap between science and business, seeking to transform 

radical innovations into commercial applications; due to the 

high uncertainty involved in this process, it is often 

considered too risky by established firms(Ettlie, Bridges and 

O’keefe 1984; Sorescu, Chandy and Prabhu 2003; Jansen, 

Van Den Bosch and Volberda 2006; Krieger, Li and 

Papanikolaou 2018). 

Because most high-tech startups lack the resources necessary 

for independent commercialization, they often depend on 

partnerships with established firms to deliver their products to 

market. Commercializing a technology requires a 

comprehensive set of resources other than the technology 

itself, including, but not limited to, mass production 

capabilities, sales and distribution channels, management of 

regulatory requirements, and fundraising(Teece 1986; Tripsas 

1997; Sosa 2009). While some assets can be sourced from 

specialized providers such as venture capitals(VCs) that 

provide early-stage funding, others, such as mass  production 

capability or quality control know-how, are neither accessible 

in a market nor easily and quickly accumulated by startups. 

Where complementary resources are critical for technology 

commercialization, as in the case of the pharmaceutical 

industry, high-tech startups must collaborate with existing 

firms to tap into their partners’ assets(Gans and Stern 2003; 

Arora, Fosfuri and Gambardella 2004; Marx, Gans and Hsu 

2014).

That said, cooperation between two or more firms to bring 

an early-stage innovation to market is difficult due to 

information asymmetry. In the process of technology 

commercialization, the developing party may have better 

information about the innovation than its partner, but may 

find it impossible to transfer the information to the partner 

credibly(Akerlof 1970). Radical innovation, by definition, 

lacks verifiable and standardized valuation methods compared 

to incremental innovation.This ambiguity regarding radical 

innovation may make a would-be partner wary. Thus, 

inter-firm partnerships for the purposes of radical innovation 

are more costly than those for incremental innovation. 

Facing this extra burden of validation, startups seeking 

partners must develop radical innovations enough to 

demonstrate their scientific and commercial feasibility. Yet, in 

high-tech sectors, advanced development such as late-stage 

R&D and initial marketing often requires complex capabilities 

far beyond what a single startup can afford. This catch-22 

situation results: a startup needs access to resources owned 

by an established partner to generate credible evidence of 

radical innovation, but the necessary resources are unavailable 

until the startup provides a proof-of-concept to the potential 

partner.

The difficulty of valuation due to information asymmetry 

disproportionately burdens inter-firm communication about the 

prospects of radical innovations compared to incremental 

innovations. If it is too costly for a high-tech startup to 

convince a potential partner of the value of radical 

innovation, the startup may move away from pursuing radical 

innovation.

2.2. The impact of policy signals on

the incentives of startups for

radical innovation

To overcome the barriers caused by information asymmetry, 

startups use a variety of signaling measures including patents 

granted, reputation of existing investors, receipt of public 

grants and contest prizes, and designations from regulatory 

agencies to demonstrate their quality to partners or potential 

investors(Stuart, Hoang, and Hybels 1999; Lerner 2000; Gans, 

Hsu and Stern 2008; Hsu and Ziedonis 2008; Gorry and 

Useche 2018). Likewise, where the extra costs associated 

with inter-firm partnership make radical innovation difficult, 

effective signaling can help firms better communicate the 

genuine value of their products by turning tacit and 

unverifiable information into objective and verifiable 

information(Spence 1978).

We claim that policy-backed quality signals encourage 

startups to pursue radical innovation. While these signals 

could benefit both types of innovation, we posit that the 

extent to which they facilitate effective inter-firm 

communication is greater for radical innovation than for 

incremental innovation, given that alternative sources of 
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verifiable information are relatively scarce for radical 

innovation. An effective signal designated by public agencies 

can moderate the risk of misjudgment, encouraging large 

firms to form inter-firm partnerships. The increased possibility 

to convince a partner to aid in commercialization can 

incentivize startups to pursue radical innovation and develop 

products that they would have avoided otherwise.

We predict that an effective signaling measure increases the 

propensity of inter-firm partnership for radical innovation, by 

incentivizing both established firms and promising startups to 

engage in the collaborative commercialization of radical 

innovation.

To an established incumbent firm, inter-firm partnership is a 

costly option if the level of information asymmetry is high. 

In general, information asymmetry leads to the “lemon 

problem,” in which a would-be partner is reluctant to pay for 

a radical innovation beyond the average value of all radical 

innovations in a given pool. If an effective policy-led signal 

helps identify promising radical innovation, a large firm that 

might otherwise have shunned cooperative commercialization 

due to the difficulty of valuation might consider partnering 

on the distinguished radical innovation.

The availability of effective signaling positively affects 

startups’ beliefs as to whether or not they can generate 

reasonable profits from collaboration. The possibility of 

signaling also encourages competent startups to seek 

collaborative ways to market their innovations. 

2.3. The impact of policy signals on

inter-firm partnerships on radical

innovation

Lastly, the signaling possibility can also impact the timing 

of partnership between a startup and a larger firm. Once a 

startup decides to pursue a partnership, the next important 

decision to make relates to timing. There is a trade-off 

between forming a partnership at the early stage and doing it 

at the advanced stage(Luo 2014). Startups must secure a deal 

with their partners in a timely manner before competitors do. 

However, if negotiation occurs too early, proofs of concept 

may be lacking, putting the startup in a lopsided bargaining 

position where it may have to yield the lion’s share of 

potential gains to an established partner.

This trade-off may be mitigated by the availability of a 

quality signal, which may allow the timing of inter-firm 

partnership to be delayed. In the absence of signaling, it is 

difficult for startups to provide convincing proofs of concept 

no matter how long they hold out on their radical projects. 

In such cases, the optimal strategy is to secure a partnership 

as early as possible before the opportunity is taken by 

competitors. With the availability of signaling measure, 

however, the credibility of radical innovation increases 

stepwise once the project obtains the quality signal. A quality 

signal becomes an effective milestone that helps a startup and 

its investors make strategic decisions on how much extra 

time and resources must be committed to achieve a superior 

bargaining position in negotiations with potential partners. If 

the quality signal is successful, one or a few potential 

partners may strongly prefer to negotiate with a startup 

whose product based on radical innovation is believed to 

demonstrate excellent potential and fewer risks. Greater 

bargaining power thanks to the policy-led quality signal is 

likely to yield a larger share of potential profits from the 

partnership for the startup. Thus, the presence of an effective 

signal can incentivize a startup to put off seeking a 

partnership.

Ⅲ. Research design

3.1. Hypotheses

In sum, the availability of a credible policy signal can 

reduce the level of information asymmetry associated with 

radical innovation and, therefore, incentivize high-tech startups 

to promote radical innovation. In addition, the opportunity to 

showcase the prospect of radical innovation via an objective 

quality signal can enable startups to take the extra time and 

seek the resources needed to advance the process of radical 

innovation to the point that they can obtain quality signals 

before negotiating with would-be partners. It suggests that 

startups strategically postpone the timing of partnership when 

policy-led signals become available. 

We therefore hypothesize as follows.

Hypothesis 1: If a policy-led signal that helps firms 

objectively demonstrate the prospect of 
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radical innovation becomes available, 

startups are more likely to pursue radical 

innovation. 

Hypothesis 2: If a policy-led signal that helps firms 

objectively demonstrate the prospect of 

radical innovation becomes available, 

startups are more likely to pursue inter-firm 

partnership to commercialize radical 

innovations.

Hypothesis 3: If a policy-led signal that helps firms 

objectively demonstrate the prospect of 

radical innovation becomes available, 

startups are more likely to delay the timing 

of inter-firm partnership on radical 

innovation.

3.2. Empirical Context

We test our hypotheses in the context of the Orphan Drug 

Act(ODA) enacted by the European Union(EU) in 2000. 

Since rare diseases only affect a small number of patients, 

drug developers are reluctant to develop therapies for them; 

the market size is too small to justify the costly investment 

in drug development. The ODA was originally designed to 

incentivize the development of drugs for rare diseases. 

Contrary to the original intention of the act, however, small 

biotech firms have found that the orphan designation helps 

them signal the quality of novel drugs to large 

pharmaceutical firms interested in extending these therapies to 

treat common diseases in larger markets.

The ODA was first enacted by the US in 1983 to provide 

developers of rare disease treatments a variety of incentives, 

including market exclusivity for a designated period, 

accelerated approval, regular guidance, protocol assistance by 

regulatory agencies, and reduced fees. To take advantage of 

these ODA-induced incentives, a drug developer must file an 

application to the regulatory agency, specifying 1) which 

disease to target, 2) why the disease meets the rare disease 

criteria according to the guidelines provided by the regulatory 

agency, and 3) why its therapy is the best treatment for the 

rare disease(Grabowski 2005). The regulatory agency carefully 

examines applications, granting an orphan designation to drug 

candidates that demonstrate strong scientific efficacy.

  Interestingly, some small biotech firms have carved out a 

new drug development strategy around the ODA. Since many 

rare diseases are caused by gene mutation, effective 

treatments are often biotechnology-based stratified medicines 

that selectively treat a group of patients with specific 

features, including biomarkers(Trusheim, Berndt and Douglas 

2007). By definition, rare diseases afflict very few, relatively 

homogenous patients. This situation allows biotech firms 

developing novel drugs to use a sequential approach: first, 

they aim to develop a novel drug as an orphan disease 

treatment to attract the attention of potential investors and 

business partners; later, they contract with established partners 

to expand the use of the drug to treat common diseases that 

are caused by similar mechanisms. Increasingly, established 

pharmaceutical firms have moved towards biotech-driven 

personalized medicines and away from the traditional 

approach of developing small, chemical-based, untargeted 

drugs. Thus, the opportunity to showcase the scientific 

feasibility of new biotechnology becomes more important to 

small biotech firms that seek to develop pioneering 

technologies to treat a few diseases with significant market 

size. 

To test the hypotheses on the impact of EUODA on the 

delivery and collaborative commercialization of radical 

innovations, we use a difference-in-difference(DiD) approach. 

Specifically, we compare the originality of innovation 

undertaken by biotech startups, the propensity and the timing 

of inter-firm partnership between biotech startups and 

commercialization partners in the pre-ODA period to that in 

the post-ODA period, to examine whether a group of startups 

disproportionately affected by EUODA exhibits the greater 

magnitude of change, compared to the control group.
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