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1 RESEARCH AREA AND CENTRAL FINDINGS 

1.1. Introduction 

The modern theoretical Corporate Finance research asks how the agency problems, 
asymmetric information, signaling and incomplete contracting affect corporations’ 
optimal investing and financing activities while taking into consideration also the 
strategic behavior of other market participants. Firm makes financing and investment 
decisions in context of horizontal (competitors) and vertical (customers and suppliers) 
interactions. Theoretical Corporate Finance research relies heavily on the use of 
“family” of three models of asymmetric information: moral hazard (“hidden action”), 
adverse selection/screening (“hidden information”), and signaling.  

1.2. Summary of Research Focus and Objectives 

This research is a collection of three empirical studies of economics of pharmaceutical 
industry, while three theoretical models, i.e. incomplete contracting, asymmetric 
information and signaling render frameworks for the three essays.  

Financial Contracting under Moral Hazard (“hidden action”) is at the center of the first 
essay.  In addition to an agency problem, i.e. entrepreneur and financier, an issue of 
contractibility (incomplete contracting) puts some constraints on corporate financing 
/investing possibilities and, than, also decision and control rights became an issue.  I 
have examined the vertical customer (Pharma)-supplier (biotech firm) relationship 
through the lenses of limited liability and moral hazard and credit rationing theories.  

The following two essays address the issues of horizontal interactions (with 
competitors): between a brand and a generic firm.  The pharmaceutical firm (further, a 
brand) faces two types of competition: from the other brand (“between patents”), and 
from the generic firm (“within patent”) (Lichtenberg and Phillipson, 2002). In this 
research, the focus is on the “within patent” competition. At the core of the second 
paper is the intersection of law and finance, specifically, contracting and “hidden 
information”. The issues of a credible threat, brands’ patents characteristics and the 
asset’s value examined as the potential determinants of settlements of patents disputes.  
The last essay is in the area of Signaling in Finance. The idea of signaling is that the 
informed party conveys some information to the uninformed party by taking some 
costly action. In essence, it means that undertaking an action has to be costly enough so 
that not everyone takes it.  

1.3. The Structure of the Thesis 

The thesis consist of three essays. 
1) Ownership and Control Rights Transfers and Incomplete Contracts:  Empirical 

Analysis of Drug Development Partnerships 

2) Law and Finance: Settlements of Pharmaceuticals’ Patents Litigations 

3) Signaling and Strategic Interactions: Competition between Biologics and 
Biosimilars Drugs 
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The first paper “Ownership and Control Rights Transfers and Incomplete Contracts:  
Empirical Analysis of Drug Development Partnerships” examines drug development 
partnerships, particularly, the issues of ownership and control rights allocations, 
contingent contract design and favorable state verification. For example, how firms 
incorporate contingency provisions to minimize the risk, including equity’s stake 
purchase as part of a partnership contract. The theory of financial contracting (Hart, 
2001) and (Bolton and Dewatripont, 2005) provided the theoretical framework to study 
the issues throughout the first essay.  

The second essay“Law and Finance: Settlements of Pharmaceuticals’ Patents 
Litigations” analyses contracting under an information asymmetry; i.e. how a generic 
firm uses credible threat to negotiate settlements of patents infringement disputes.  
Though the private contracting (settlement) cannot fully compensate for a weak legal 
system, can the settlement help to eliminate uncertainty and reduce the cost of 
asymmetry of information?   I have viewed a potential patent invalidation in court as 
the cost of informational asymmetry. 

The 3rd essay “Signaling and Strategic Interactions: Competition between Biologics and 
Biosimilars Drugs” focus is also on competition between brand biologics and generic 
biologics’ firms.  The issue of signaling in finance is used to study the firms’ 
“commitment” to behave aggressively, as well as, the profit destruction hypothesizes 
(predatory theory). In order for signaling to be credible, action must be costly enough, 
so that only the “good” type (brand) has an incentive to signal his type. I have examined 
the instruments of predation, such as an intense advertising and R&D spending (R&D 
race).  

The problems being examined are focused on the specific strategic interactions (events) 
of the Pharmaceutical industry firms, and because the dissertation’s issues all are 
relatively little analyzed, the study is relevant. 

Due to unavailability of canned data I have manually collected three individual data 
sets mainly from Lexis-Nexis database, and complemented it with the data from 
various other sources, and to my knowledge, the three data sets collections are 
comprehensive. Because of data limitations, not all of the questions raised have I been 
able to test empirically at this time.  

The rest of the introduction to the essays proceeds as follow. Section 2 presents 
individual essays’ summaries, descriptions of the data, methodology, contributions and 
briefly outlines the results of the three separate essays in the dissertation. Section 3 
discusses the contribution of the thesis. 
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2 SUMMARY, RESULTS AND CONTRIBUTIONS OF THE 
ESSAYS 

2.1. Ownership and Control Rights Transfers and Incomplete Contracts:  
Empirical Analysis of Drug Development Partnerships 

In this essay I examine pharmaceuticals drug development partnerships through the 
lenses of incomplete contracts. The issue of contractibility (incomplete contracting) 
puts some constraints on corporate financing possibilities and then also decision and 
control rights become an issue.  

The idea is that at the outset not all possible future contingencies can be included in the 
contract, since they are simply too difficult to describe in advance. In particular, if the 
initial contract does not outlay all the future contingencies, the question becomes how 
future decisions are taken, and more importantly, how are they reflected in the choices 
of parties at ex-ante stage? 

Given that an incomplete contract is silent about the future events, and whether those 
events take place, the important decisions have to be made. Therefore, the question 
becomes: How will it be done? What decision-making process is used? In corporate 
finance research the view taken to incompleteness: even if it is not specify all 
contingencies in the contract ex-ante, it is possible to agree ex-ante on the decision-
making processes. 

Since the decisions rights and control rights are the key to the decisions and actions 
when unforeseen contingencies arrive, the question is who should retain these rights, 
and how these rights should be allocated in the initial contract/deal between the 
parties? 

Motivation for the research and implications for practitioners 

Few trends have emerged within the sector in respect to the partnering development of 
a new drug, such as: a favorable state verification (proof-of-concept) before licensing 
commercial rights; ex-ante, the acquisition of an option to license commercial rights 
and not a license outright; or equity stake inclusion in a contract in lieu of cash. 
Motivation for this paper was to document empirical evidence to support the industry’s 
anecdotal evidence.  

Unlike the pharmaceutical firms that commit resources to reformulation and 
development of newer versions of original drugs, the biotech firms have focused on the 
development of new drugs. Latter, the biotech firm will seek partnering with a larger 
firm to conduct clinical testing and implement the commercialization process. 

Industry evidence suggests that drug development agreements are often structured in a 
way that a biotech firm pays for the development until a drug has completed Phase IIb 
(the critical “proof-of-concept” phase), while retaining the asset (patent) ownership and 
control. After the successful completion of Phase IIb, a pharmaceutical firm (a 
financing partner) pays all future development costs, milestones and commercialization 
costs. If multiple potential partners are bidding for a technology, it drives valuations 
higher. However, these offers are not identical. A partnership proposal could have a 
higher up-front payment, or, conversely, have a lower upfront, but higher milestones, 
royalties. Clinical development milestone payments are the contingencies that are 
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conditional on the initiation of a new clinical trial, or the successful completion of the 
trial. The regulatory milestones are conditional on approval in the US, or in Europe. 
The sales milestones payable upon a product has reached a specified sales threshold. 1 

In recent years, due to lack of funds, a smaller percentage of potential drugs has been 
developed, while many targets are left on a shelf. At the same time, larger 
pharmaceuticals implement cost reduction. Many negotiated partnerships have not 
been implemented because biotech firms do not want buyers to perceive the announced 
partnerships as priced at lesser value. Factors, such as favorable clinical trials data, or a 
technology “platform” that a pharmaceutical firm does not have, drive the formation of 
the partnerships. 2 The scientific research that is at early stages, such as a stem cell, for 
example, is usually conducted in partnerships, and not by firms on their own. 3 If a 
biotech firm has its own sales force, it can opt to participate in a commercialization 
and, thus, command substantially higher revenues later when product is on the market. 
Licensing contracts are perceived as cost effective and as less risky than the acquisition 
of a whole company.4 My goal is to document empirical evidence to corroborate 
existing trends in drug development partnerships. 

Empirical design 

Research Question: this paper investigates, how and at what stage of a drug 
development process ownership and control over an asset (the technology) are 
allocated within a partnership, using data from pharmaceutical and biotechnology 
industries. Further analysis takes a closer look at partnerships contracts’ design, 
specifically, how firms incorporate contingency provisions to minimize the cash 
outflow, such as an option, or equity stake provision as a part of a partnership contract. 

In pharmaceuticals’ drugs development framework, ownership rights on a new 
technology (a drug’s molecule) are determined by who is a patent holder. However, a 
cash flow generated by an asset is often transferred separately by means of exclusive 
licensing rights. Empirical framework is similar to Ziedonis (2007) who examined the 
motives to structure contracts as “real options”5. The contingent control allocation and 

                                                        
1At present (beginning of 2009), 1/3 of all Biotech companies have less than 1 year cash, another 50% less 
than 2 years cash. A current trend in licensing deals for a biotech firm is to take cash up-front, especially if 
a firm has less than 18 months cash left (Bio Century Report and the Campbell Alliance data, 2009). 
2For example, the small biotechnology company Targasept was not able to raise money on the capital 
market in 2007, and did not want to sell equity in an upfront deal. It has a 450 patents portfolio. Astra 
Zeneca and Galaxo Smith Kline (further GSK) have shared the technology platform among themselves by 
specific targets and indications. Targacept also owns some of the targets. In the deal with GSK, for 
instance, Targacept, not GSK, owns the molecule, controls the assets, and pays for development until a 
‘proof of concept.’ Thereafter, GSK has an option to a licensing contract. If the ‘proof of concept’ is 
successfully completed, pharmaceuticals will pay for the development (Targacept Conference presentation, 
2009).  
3Regulus, for instance, got a $20M upfront payment from GSK for a basic research (pre-clinical) RNAi 
space and micro arrays therapeutics.  This is not a usual deal, since Regulus allowed to spend 50% of the 
funding without restrictions.  Indeed, many times restrictions limit the use of the funding to particular 
technology. The example of an exceptional deal for a preclinical stage is the deal between Merck and 
Addrex, in which Merck has paid Addrex $22M up-front (very high for the early stage indication). 
(Regulus; Conference presentation, 2009). 
4  An average licensing deal size is $120M (in 2004) for a mid-stage company. At the same time, the 
average acquisition price in the last few years for a biotech was $323M. (Essex Woodland Health Ventures 
Data). 
5(For details, see also Wooldridge (2001): equations (15.84) and (15.85), as well as Ziedonis (2007). 
Because of the independence from irrelevant alternatives assumptions limitations of conditional 
logit, McFadden (1984) Wooldridge (2001) suggest to specify hierarchical model. Equation (2) ((and 
equation (15.85) Wooldridge, 2001)) implies that, conditional on choosing licensing alternative, the 
response probabilities take a conditional logit form with parameter λ. This suggests a natural two step 
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favorable state verification are inherent in partnership contracts. Critical contracts’ 
provisions has been examined, such as: a licensing of commercialization rights instead 
of a technology acquisition, exclusive license initiated as an option contract, and equity 
stake inclusion in contracts provisions in lieu of cash disbursement outright. In the area 
of Financial Contracting under moral hazard (“hidden action”), the critical issue is, 
what are the variables that are observable and verifiable and thus, contractible. In this 
analysis, I test the phase of development variable that is observable and verifiable, as 
the critical determinant of the reallocation of control. 

IPRIGTS= α0 +α1 PHASE +α2 DISEASE +α3 INTERNTNL +α4 IPINDEX +α5 
LNDEALSIZE + e.  (1) 

LICENSE= β0+β1PHASE + β2DISEASE +β3 INTERNATIONAL +  
β4 LNDEALSIZE + u. (2) 

In the empirical research the data is front and center of the essay. 6 The observations of 
777 international partnerships from 29 countries have been collected. Below are 
reported Summary Statistics of Analysis Variables of the smaller sample (N=341) that 
included specific financial terms of a contract, as well as the cross-tabulation tables for 
the dependent and key independent variables in the study. 

  

                                                                                                                                                                   
estimation procedure.  First, the response probabilities λ were estimated by applying conditional logit 
analysis to the Licensing alternative (equation 2). Then λ plugged in to equation 1 as additional regressor. 
The two-step conditional MLE is consistent and asymptotically normal under general conditions. The first 
hierarchy corresponds to decision at d 1, and the second corresponds to the decision at d 2.Thus the 
equations 1 and 2 are estimated simultaneously in two steps using nested logit model. The response 
probability P Option to license, which is ultimately of interest, is obtained by multiplying equations 1 and 2.  
6 All three essays already published; due to the space limitations of the journals, many tables and figures 
that describe the data where excluded from the publications. Therefore, I have included them in the 
Introduction section. 
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Table 1  

------------------------------------------------------------------------------------------------------ 

This table presents summary statistics for the dependent and independent variables in 

the analysis of the smaller sample of observations N=341 with full data disclosure; the 

time frame is 1999 to 2008. Nearly half of all partnerships deals’ valuations are less 

than 50Million dollars. 

------------------------------------------------------------------------------------------------------

Categorical MIN  MAX MEAN ST.DEV FRQUENCY % 

------------------------------------------------------------------------------------------------------- 
IPRIGHTS 0 1 0.94 0.241 319 93.80 
LICENSE 0 1 0.46 0.499 151 45.80 
EQUTYST 0 1 0.23 0.423 79 23.20 
DISEASE 0 1 0.48 0.500 162 47.50 
PHASE 0 1 0.32 0.468 110 32.30 
INTERNAT 0 1 0.61 0.489 134 60.70 
ROYALTIES 0.00 1.00 0.83 0.375 317 82.70 
------------------------------------------------------------------------------------------------------- 
      
  
  Min   Max                               Mean                    St.Deviation 
 
DEALSIZE      105,000.00   1,050.00M.                   1.59E8                      2.273E8 
 
UPFRONT  0.00   860.00M.                     28,517,147.15          6.425E7
  
MILESTONS                 0.00                 1,000.00M.               116,950,000.00        1.89825E8 
 
LNUPFRNT        -13.8155     7.3132                      0.987661                   5.0774387 
 
LNDEALSIZE         11.561                      20.772                               17.698                  1.8795
  
LNMLSTNS             0.000                     20.72                               13.679                      7.82639 
 
IPINDEX             1.48  4.52                              3.9178  0.640 
 
EFFJUDST               3.25                        10.00              9.5176 1.0634         
  
------------------------------------------------------------------------------------------------------- 
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Table 2  

----------------------------------------------------------------------------------------------------- 
This table reports cross-tabulations of the categorical dependent variables and the key 
independent variables. The variables are defined in Table 1. Number of observations is 
777; the period is 1999 to 2008. 
------------------------------------------------------------------------------------------------------- 
 
IP Rights Transfer No  Yes  Total 
------------------------------------------------------------------------------------------------------- 
 
Phase 

Pre IIb  19  509  528 
Post IIb  9  240  249 
Total  28  749  777 

International 
Domestic  13  283  296 
Cross-border  15  466  481 
Total  28  749  777 

Unmet Needs Disease Category 
No  17  393  410 
Yes  11  356  367 
Total  28  749  777 
 
 
 
Exclusive License Option  Ex-ante  Total 

Phase 
Before IIb  412  109  521 
After IIb  87  100  187 
Total  499  209  708 

International  
Domestic  211  62  273 
Cross-Border  288  147  435 
Total  499  209  708 

Unmet needs Disease Category 
No  262  112  374 
Yes  237  97  334 
Total  499  209  708 
------------------------------------------------------------------------------------------------------ 
 
Equity Stake No  Yes  Total 

 
Phase      

Before IIb  446  81  527 
After IIb  226  23  249 
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Total  672  104  776 
 
International 

Domestic  248  48  296 
Cross-border  424  56  480 
Total  672  104  776 
 
Unmet Needs Category 

No  348  61  409 
Yes  324  43  367 
Total  672  104  776 
------------------------------------------------------------------------------------------------------- 
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Figure 1  

This figure depicts the distribution of the observations of the Deal Size. The Deal Size 
variable’s distribution is significantly right skewed, thus the logs of DEAL SIZE were 
estimated, along with the actual values. Number of observations is 341; the time frame 
is 1999 to 2008. 
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Figure 2  

This figure shows the relationship between (a) the deal values and upfront payments 
and (b) the deal values and milestones. The larger the deal value, the more likely the 
majority of payments will be disbursed later in course of a partnership.  Number of 
observations is 341, the period is 1999 t0 2008. Under front-loaded contract (a), 
upfront payments are higher because a license is acquired and fee is paid ex-ante, vs. a 
back-loaded contract (b), in which payments are disbursed later in the course of a 
partnership and contingent on the favorable state verification. 

------------------------------------------------------------------------------------------------------- 

 

 

a) 

 

b) 
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The main findings of 1st essay 

The evidence suggests that in the majority of partnerships, a pharmaceutical firm does 
not seek to buy a technology; it is only seeks to license out commercialization rights; i.e. 
only cash flow rights transferred via an exclusive license, and an asset’s (a technology) 
control (ownership) remains with innovator/patent holder.  

The second test examines the structure of contracts.  Findings suggest that partnerships 
agreements are commonly initiated as an option to license commercialization rights 
and not outright licensing, potentially due to contractual incompleteness. Ex-ante, 
when a contract is signed, a pharmaceutical firm only acquires a licensing option; yet it 
exercises an option and pays licensing fees late, if the favorable state is verified, i.e. the 
phase IIb (proof-of-concept), or even phase III,  is successfully completed.  Lastly, 
many partnerships (23%in the sample) have equity stake included in contract’s 
provisions. There is evidence that equity stake are included to replace substantial cash 
outright disbursement at the early stages of collaborations, and if a project’s total value 
is significant, particularly in international partnerships. 

The test statistics “Difference of Means “of the explanatory variables sheds light on 
whether differences in a drug’s characteristics (PHASE, DISEASE) or partnership 
characteristics (LNDEAL SIZE, INTERNATIONAL) have caused some partnerships to 
begin as options contacts while others acquire the license upfront. The results provide 
little evidence of impact of the PHASE, DISEASE and INTERNATIONAL variables on 
contract design, as these means are inconsistent and insignificant. Yet, the test singles 
out LNDEALSIZE as the major factor in the decision either to acquire a license or only 
an option to license ex-ante; the means of LNDEALSIZE are statistically significant in 
both samples, suggesting that for corporations the risk management of the investments 
is very important, as in Froot, et al, (1993). Results are reported in the Table 3 below. 
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Table 3  

------------------------------------------------------------------------------------------------------ 

The “Difference of Means” test has been used on the Contracts type’s variables (t-test), 
similar to Ziedonis (2007); the unequal variances are assumed. The observations 
divided in two groups: Option contracts vs. licenses acquired ex-ante. In panel A are 
reported results of the large sample, and in panel B are reported results of the smaller 
sample.  The time frame: 1999 - 2008. Statistically significant results in bold. 

------------------------------------------------------------------------------------------------------- 

A: N=708  Option License acquired ex-ante 

------------------------------------------------------------------------------------------------------ 

Variable Number Obs.  Mean Number Obs.     Mean   t-test 
statistic 

------------------------------------------------------------------------------------------------------- 

PHASE 499  0.33 209        0.32  0.26 

INTRNTN 499  0.63 209        0.60  0.65 

DISEASE 499  0.47 209        0.48  1.37 

LNDEALS 499  1.88 209      17.86  69.38 

---------------------------------------------------------------------------------------------------- 

B: N=323  Option License acquired ex-ante 

-------------------------------------------------------------------------------------------------------
  

Variable  Nmbr Obs.   Mean Nmbr Obs. Mean  t-test 
statistic 

------------------------------------------------------------------------------------------------------- 

PHASE  179  0.30 144  0.34  -0.74 

INTRNTN  179  0.60 144  0.61  -0.04 

DISEASE  179  0.47 144  0.48  -0.18 

LNDEALS  179  16.98 144  18.57  -8.50 

---------------------------------------------------------------------------------------------------- 
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Contribution to the literature 

First, the findings contribute to financial contracts literature. Theory of Grossman and 
Hart (1986), Aghion and Bolton (1993), and empirical findings of Kaplan and 
Stromberg (2003) and Robinson and Stewart (2007) suggest that ownership of an 
asset, and rights to receive revenues generated by this asset, are often separated in 
collaborations agreements. For example, Robinson and Stuart (2007) have identified 
the “ownership-based” control vs. “contractual” control. I have documented additional 
empirical evidence to support the argument.  

Theoretical literature has emphasized contingent asset allocation ((Grossman and Hart 
(1986), (Aghion and Bolton (1992)), and favorable state verification (Dessein (2005) 
before the allocation of control. I have examined if the allocation of control rights and 
revenue rights are dependent on the realization of verifiable states of performance, 
such as a validation of a drug. I found that control rights are transferred upon the 
verification of favorable state: i.e. successful completion of clinical trials, particularly 
Phase IIb. 

Earlier, Robinson and Stuart (2006) have recognized the reputation of a partner as an 
important factor in the allocation of control in alliances. I have found the evidence that 
the validation of a drug, successful progression through clinical trials is a critical 
determinant in control transfer.   

Next, Ziedonis (2007) has analyzed options applications in the technology pre-
licensing; during the option period, an in-licensing partner learns and can better 
evaluate a technology. I have expanded the knowledge of an option contracts’ 
application to partnership contracts between larger pharmaceutical and small 
biotechnology firms.  

Further, Lerner and Merger (1998), Kaplan and Stromberg (2003) have found that VC 
projects in times of uncertainty and with subsequent additional financing, assign more 
control to the financing firm. My results show support to their findings in the equity 
stake part, but not in the licensing of a new technology’s part, neither an asset 
ownership allocation part. There is evidence that pharmaceuticals in times of 
uncertainty only acquire an option to control an asset, but not a license (control) 
outright.  

Finally, Folta and Miller (2002) have viewed the equity stake purchase as an option to 
acquire the firm. In contrast, this paper is arguing that the equity stake acquired in lieu 
of a cash outright disbursement to alleviate exposure. The partnerships are dependent 
on the capacity of the larger pharmaceutical firm to absorb the new R&D investments, 
thus, pharmaceuticals seek to minimize the cash outflow.  Furthermore, partnerships 
are often viewed in academic literature as a risk sharing strategy solution (Palia et al. 
(2007). The findings suggest that the partners incorporate risk management techniques 
into contracts provisions, such as: licensing instead of outright acquisition, options, 
and a cash replacement with equity. 

Also, the paper contributes to the, mainly, managerial science literature in area patent’s 
licensing and technology transfers, such as Ginarte and Park (1997); Oxlley ( 1998); 
Folta and Miller, (2002);Ziedonis, (2007) to name just a few, by expanding the 
economics’ empirical knowledge on patent licensing and technology transfers. 

The study takes different from Guedj and Scharfstein, (2004) point of view that the 
investigated new drug can move from Phase I to Phase II even if it does not show 
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success or statistically significant results, because it is the management’s decision to 
move the drug on to the next level of clinical trials regardless of results. They refer to 
agency problems: private benefits and aggressiveness.  

Conversely, Phase II results could be favorable, because the management can pre-select 
healthier looking volunteers; yet, the drug will ultimately fail in Phase III, because 
substantially larger cohort of patients has been tested. Seizing developing unpromising 
drugs sooner, thus, addressing the agency problem and private benefit taking, the costs 
of a drug development could be reduced. Yet, though, the decision to continue to 
develop a less promising candidate lies at the discretion of a management team, there 
are external forces that can, and often will prevent the management team from 
continuation of the development of an ineffective drug. For instance, they might not be 
able to get financing. If a drug shows a lack of efficacy, the milestones will not be paid. 
The management will have a very difficult (though not impossible) task of raising 
money from other sources for unpromising candidates. Second, if a drug is not 
effective, it will be problematic to find physicians who will work with that drug in 
clinical trials. Doctors will be reluctant to put their patients on the less effective drugs. 
Furthermore, when a drug about to progress from Phase II to Phase III, during which 
the efficacy is tested on the large cohort of patients, the FDA, who supervise those 
trials, might recommend stopping the trials. 

2.2. Law and Finance: Settlements of Pharmaceuticals’ Patents Litigations 

While the quality of law and its enforcement are an important determinant of how well 
investors are protected, the patent itself do not provide perfect protection against 
generic entry; it merely grants a right to sue infringers. I studied out-of court 
settlements of pharmaceuticals’ patents disputes. At the core is the theory of financial 
contracting under asymmetric information (“hidden information”). Though, private 
contracting (the settlement) cannot (fully) compensate for inefficient legal systems, 
until the patent litigations’ settlements will be fully banned, it will remain a ‘legitimate’ 
strategic option. In this essay I examine the determinants of settlements of patents 
disputes and investigate if the settlements can help alleviate the asymmetry of 
information costs’ problem, i.e. the validity of a patent.  

Akerlof (1970) analyzed quality uncertainty and market mechanism; in his view, the 
source of asymmetric information-- only the seller knows the quality of the good (the 
market for “lemons”). Though the patent information is public, the patent claim’s 
“quality” for counterparts (and for an econometrician) is difficult to assert. Yet, the 
outcome (court decision): either validation or invalidation of a patent, at the end, is 
observable. I view this uncertainty as a source of informational asymmetry (“hidden 
information”).  Earlier, Meurer (1989) suggested that asymmetry of information could 
arise from potential weaknesses of a brand’s patents claims. Bulow (2003) argued that 
the source of asymmetry is whether a brand manufacturer has a second-generation 
drug in a pipeline that reduces the value of a generic drug; conversely, new entrants 
(generics) have better information on having viable products to sell, and are able to 
pose a credible threat.  

Financial contracting (settlement) under asymmetric information renders the 
theoretical backdrop for this essay; in other words, some market participants have 
more information than others. In economics, contracting under asymmetric 
information is mostly interested in situations where the uninformed party offers a 
contract (a menu of alternatives) from which the informed party picks up the most 
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preferred one.  Of course, the seller designs such a menu of contracts in order to 
maximize its own payoff (Bolton and Dewatripont, 2005). Yet, in patent disputes, until 
the court makes a determination, it is uncertain who has better information. 

Motivation 

In this paper, economic theory of contracts negotiations: a credible threat and a key 
asset’s value, as well as the effect of an exogenous shock are employed to determine 
what motivates the decision to settle a patent dispute. The majority of the scholarly 
works have studied the links between patents characteristics and patents infringements 
disputes; on the contrary, my focus is on the settlements of the disputes. The 
motivation for this paper is the fact that empirical economic literature on the 
settlements of patents disputes is scarce, and this paper intends to fill that gap.  

Empirical Methodology  

Research Question: this paper analyses the settlements of pharmaceuticals’ patents 
litigations and tests the effects of a generics’ credible threat, as well as, brands’ patents 
characteristics on the outcome of the settlements’ negotiations. I examined the 
determinants of settlements, and if the settlements can help alleviate the costs of 
informational asymmetry problem. Lastly, the exogenous shock effect (the court 
decision as a precedent for future cases) on the likelihood of settlements of patents 
disputes has been investigated. 

Figure 3  

This figure depicts settlements negotiations time frame. 

------------------------------------------------------------------------------------------------------- 
 
Date 0  Date 1    Date2 
 
 
P.IV filing  Brand’s complaint + 30Month stay on approval Patent 
by generic  Bargaining process begins                          expires
      
      
      
      
  
│ │   │               │ 
 
------------------------------------------------------------------------------------------------------
45 days │   │ or              │ 
To file a             Settlement:                Court Date: 
complaint     -Validation 
   -Authorized generic -Invalidation 
       -Royalties  -Appeal    

-Early generic launch 
------------------------------------------------------------------------------------------------------- 
 
 
The pharmaceutical firm (further, a brand) faces two types of competition: from the 
other brand (“between patents”), and from the generic firm (“within patent”) 
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(Lichtenberg and Philipson, 2002). In this research, the focus is on the “within patent” 
competition, and specifically on the patents infringements disputes. The brands are 
research-based firms that engaged in innovation, development and manufacturing of 
new drugs, while generic firms develop less-expensive versions of original brand-name 
drugs or new formulations of existing products.   

The driving force in the surging of the pharmaceuticals patents disputes is the 
provisions of Hatch-Waxman Act that, essentially, has created the generics drugs 
industry.  Paragraph IV ( certification of non-infringement), an Abbreviated New Drug 
Application ( further, ANDA) filing, as well as, the FTF (First-to-File an ANDA) status 
that gives a generic firm 180 day of market exclusivity, all are provisions of the Hatch-
Waxman Act (Ponsoldt and Ehrenclou, 2006). 7The generic drugs’ manufacturers have 
build their business model around the pursuit of Paragraph IV challenges; these claims 
are based on the certification that a corresponding brand’s patent is not valid, not been 
infringed. These provisions are hypothesized to affect the settlement outcomes.  8 

The sample of 404 observations has been collected. To my knowledge the sample is 
comprehensive. Below are reported cross-tabulation statistics between the Settlement 
variable and key independent variables. 

  

                                                        
7If a brand drug manufacturer initiates the patent infringement litigation against generics firms and settles 
litigation later with the FTF status holder with a “non-entry” condition. As a result a generic firm delays 
commercialization of its product in exchange for the so called “pay-for-delay,” thus postponing the 
commencement of the 180 days exclusivity period and locking other generics out of the market indefinitely 
(Hovenkamp et al. 2003). Yet, the strategy to prevent competitors from entry is illegal under antitrust law 
and often triggers the litigation with FTC (Ponsold and Ehrenclou, 2006). 
Alternatively, an innovator can file a Citizen Petition with the FDA to challenge a generic manufacturer’s 
ANDA approvals (fda.gov), or file multiple injunctions against the same generic company, or to file for the 
same patent in multiple courts in order to delay the process. ANDA reviews are delayed by the pursuit of 
litigation of patent infringements (Cowen, 2008).  
8According to Greene and Steadman (2010), the generics have succeeded in Paragraph IV challenges 76% 
of the time. Generics are motivated by 180-day market exclusivity that allowed to the ‘first-to-file’ status 
holders. 
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Table 4  

------------------------------------------------------------------------------------------------------ 

This table reports cross-tabulation statistics between the Settlement variable and key 
independent variables. The Left Years variable was re-coded into categorical variable by 
grouping observations in pre-specified intervals. The total number of observations is 
404, the period 1999 to 2009.  

Settlement  No  Yes  Total 

------------------------------------------------------------------------------------------------------- 

YearsLeft  

0-3years  52  68  120 

4-7 years  29  26  55 

8-16years  18  36  54 

Total  99  130  229 

 

FTF Status 

No  84  86  170 

Yes  22  51  73 

Total  106  137  243 

 

ANDA Approved   

No  67  88  155 

Yes  39  53  92 

Total  106  141  247 

 

Legal Costs 

<10MM  32  67  99 

>10MM  73  75  148 

Total  105  142  247 
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Patent Type 

Method of Use 48  67  115 

Composition  48  55  103 

Total  96  122  218 

 

Decision 2005 

Before  10  10  20 

After  73  116  189 

Total  83  126  209 

------------------------------------------------------------------------------------------------------- 

First, I have examined what motivates counterparts to settle the litigation. The 
asymmetric information and strategic behavior are pervasive in corporate finance 
problems; therefore, the theory of asymmetry of information and a credible threat 
hypothesis have been employed to examine the determinants of settlements.  

The critical question is: can the cost of asymmetric information be reduced? I view the 
potential revenue loss that could occur if a patent is found invalid in court, as the cost 
of information asymmetry, and investigated if settlements can alleviate the problem of 
information asymmetry. The general framework follows Benmelech and Bergman 
(2008) who modeled credible threat in debt renegotiation.  

Lastly, the exogenous shock effect on the likelihood of the settlements is investigated. 
Quality of law and its enforcement put effective constraints on resource allocation 
(contract provisions) . The 11th Circuit Court of Appeals’ ruling on February 2005 
stated that the Federal Trade Commission position is incorrect, and that the settlement 
between Schering-Plough and Upsher-Smith was, ultimately, pro-competitive.  This 
event has been viewed in law literature as a precedent and a potential pathway for 
patent infringements settlements (Ponsoldt and  Ehrenclou, 2006) .Thus, in this study, 
the precedent (the view that settlements are pro-competitive) has been examined as the 
exogenous shock, that could, possibly, affect for the subsequent patents disputes’ 
settlements. 

The dummy (DECISION2005) is constructed to control for the quality of law 
enforcement. It designated as 1 if the settlement was after February 2005 and as zero 
otherwise. IPINDEX variable controls for patent protection laws in different countries.  
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Figure 4  

This figure reports the distributions of the variables a) Sales and b) Quantity . Because 
the distributions are significantly right skewed, the Logs of the values are estimated, 
along with the actual values of the variables Sales and Quantity. Number of 
observations is 402 and 400, respectively; the period 1999 to 2008. 

 

 
a) 
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b) 

 
Main Results 

There is evidence that a generic firm’s credible threat and a brand’s patents 
characteristics are the factors that contribute to the decision to settle (“hidden 
information” theory).  

The evidence also found to support the hypothesis that settlements can help to alleviate 
the informational asymmetry costs. For example, the settlements benefit both 
counterparts and saves litigation costs.  Indeed, under the settlement solution, the 
decrease in revenues is easier for a brand drug manufacturer to control; for instance, 
the parties can negotiate the date of a generic’s launch and, possibly, royalties.  

The findings also suggest that though the private contracting (settlement) cannot fully 
compensate for an inefficient legal system, i.e. IP rights law cannot prevent the patent 
infringements; the law enforcement is affecting the likelihood of the settlements.  After 
the precedent, established by the court decision on February 2005 (exogenous shock), 
the likelihood of settlements is on the rise.   

Contribution to the literature 

This analysis extends the previous research on patents’ infringements disputes. 
Lanjouw and Lerner (1997) argued that the purpose of patent protection is to restrict 
output in order to generate monopolistic profits, and to reward inventors. They found 
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evidence that if a pharmaceutical firm’s profits are much larger (the asset’s value 
theory) than those resulting in “authorized generic” settlement agreements (licenses), 
and there are many years of patent protection left, the patent holder may opt to litigate 
in order to maintain output restrictions.  Meurer (1989) suggests that the firm’s profits 
will vary depending on the outcome of litigation: either a settlement or a solution 
imposed by court. This paper is different because the earlier papers’ focus was on the 
determinants of the patents infringements’ disputes. In contrast, this research focuses 
on the determinants of the settlements of legal disputes and their consequences. To my 
knowledge, there is no empirical research done on the settlements of patent disputes. 
This essay documents empirical evidence on determinants of the settlements and if 
settlements can reduce the cost of asymmetry of information. The uncertainty about the 
quality (validity) of a patent: either it will hold, or a patent will be found invalid in 
court, has been viewed as the source of asymmetry.  

 This essay contributes additional empirical evidence to the theory of financial 
contracting under informational asymmetry (Bolton and Devatripont, 2005). I have 
found out that one of the benefits that a settlement can provide is reducing the cost of 
asymmetry of information and eliminating an uncertainty of validity of a patent. 

Because the stakes of the parties are not symmetric, it gives generic’s firms additional 
bargaining power in negotiations (Bulow (2003), Hovencamp, Janis and Lemley 
(2003)). I have documented empirical evidence to support Riley (2001) theory of 
signaling, such as a generic firm’s ability to introduce a viable product to sell (approved 
ANDA) -a credible threat, has impacted the decision to settle.  

This work also corroborates empirically the prediction that pay-off determined by Nash 
bargaining when applied to the settlements of patents disputes.  For example, 
Crampers and Langinier (2002), Bulow (2003) earlier have modeled the settlements 
using elements of game theory and Nash equilibrium.  

Earlier, researchers have measured the event (exogenous shock) impact. For example, 
Liberti (2004) has measured the firm’s organizational structure change on the 
performance; Rauh (2004) has examined the public policy changes, and Matsa (2010) 
has measured the labor law changes on the firm’s financial decisions. I have tested, if a 
court decision (by establishing a precedent) affected the outcome of the future patents 
disputes resolutions. This paper provides additional empirical evidence in area of the 
Law and Finance.  The law puts effective constrains on resource allocation (for 
example, a court can disallow the settlement).  The finding suggests that the quality of 
law and its enforcement are important determinants of settlements.  

This essay also provides empirical support to the predominantly theoretical scholarly 
works in area of patents and antitrust laws, such as, Bulow (2003), Hovencamp at all 
(2003), Ponsoldt and Ehrenclou (2006). Arguably, the effects of the laws and 
regulations are sometimes contradictory. IP rights law has been designed to protect the 
intellectual property rights of a patent holder, but the industry-specific regulations are 
created to facilitate the generics drugs approval and launch.  

2.3. Signaling and Strategic Interactions: Competition between Biologics 
and Biosimilars Drugs 

The pharmaceuticals market is all about an innovation. Firm must develop new 
technology and know-how in order to entry and to serve the market. Firms’ profit when 
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it succeeds in development depends on whether it faces a competitor and whether the 
other firm also succeeds (Tirole, 2006). The essay examines the competition between 
brand biologic drugs and biosimilars (generic) drugs, i.e.” within patent” competition. 
The interest lays not in the firm’s interaction with competitors per se, but rather, on the 
corporate finance context, specifically, the signaling issue in finance.   

The scope of this research is limited to biologic drugs. (Biologic drugs, also known as 
therapeutics, are needed to be injected because of their larger (organic) molecules.  
Biologic drugs are regarded as the step closer to personalized medicine due to the 
higher efficacy and milder side effects than chemical drugs. Because there aren’t as 
many biologic drugs on the market yet, to my knowledge, the sample is a 
comprehensive set of all currently approved biologic drugs at the time of the research.  

Motivation 

I view brands’ massive R&D spending and intense advertising as the instruments of 
predation that signal the high costs of entry and superior quality of their products. 
Riley, (2001) suggests that high introductory price can alone be a signal of product 
quality.  Also, Harrington (1986) shows that if costs are correlated (entrant and 
incumbent), the optimal strategy of the firm is to choose the price higher than the 
monopoly price. 

The asymmetric information is costly for a “good types”, thus, they have an incentive to 
reduce informational gap. One alternative for the “good types” to overcome information 
asymmetry is to engage in signaling. Good type (a brand/innovator) proves itself by 
undertaking an action that is costly enough to deter mimicking by bad types 
(generics/imitators). The idea of using capital structure as a signaling device was first 
advocated by Ross (1977) and Leland and Pyle (1977).  Following their logic, I posit that 
a firm uses investments in R&D and intense advertising to signal product quality and to 
establish a brand. 

Empirical Methodology  

Research Question: Credibility of signaling is examined in the framework of corporate 
finance theories of predation and the profit destruction: a firm’s commitment to be 
tough, to behave aggressively in order to deter potential entrants. 

The signaling theory suggests that action has to be costly enough to be credible, so that 
not everyone take it. At the core of principal-agent conflict is the theory of predation 
where the cash-rich firm can prey upon cash-poor rivals. The standard definition of 
predation is the predator voluntarily loses money in the short run so as to kick rival out 
of market. Tirole, (2006) points out that the instrument of predation is usually low 
price, but it could be any strategic choice that hurts the bottom line and prospects of a 
rival: intense advertising, R&D race, selective price cuts, close positioning or clever 
versioning.  For instance, in the pharmaceutical field, it could be new formulations of 
old versions of a drug. 

I posit that a firm’s (a brand drug manufacturer) “commitment to be though” (Brander 
and Levis, 1986) signaled through costly actions: R&D spending and intense 
advertising. In addition, I have tested the profit destruction hypothesis; the entry of 
generics is predicted to negatively affect brands profit.  

The data set consist of 438 observation-years. Table 5 reports the cross-tabulations of 
the depended variables and selected independent variables. 
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Table 5  

------------------------------------------------------------------------------------------------------ 

This table reports cross tabulation of the price, quantity and selected independent 
variables.  Since the dependent variables Price and Quantity are continuous variables, 
first these variables need to be converted into the categorical variables. The 
observations were re-coded by grouping the observations into predicted intervals 
(categories). The number of observations-years is 438; the period is 2007 to 2009. 

------------------------------------------------------------------------------------------------------- 

a) Price    $0-$100 $101-$500 $501-$1000 $1000-$5000 Total 

------------------------------------------------------------------------------------------------------- 

Quantity 

0-1.0Mil.    24 81 55 107  267 

1.01-10.00M.    10 42 40 15  107 

10.01-200M.    34 14 0 0  48 

Total    68 137 95 122  422 

------------------------------------------------------------------------------------------------------- 

BGC 

0 48 72 62 96  278 

1 20 65 33 27  145 

Total 68 137 95 123  423 

------------------------------------------------------------------------------------------------------- 

PPD 

0 4 2 9 11  26 

1 64 135 86 112  397 

Total 68 137 95 123  423 

------------------------------------------------------------------------------------------------------- 
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b) Quantity  0-1Mil. 1-10Mil. 10.1-200Mil.  Total 

BGC 

0  164     83 45  292 

1   118     24  3  145
    

Total  282   107 48  437 

------------------------------------------------------------------------------------------------------- 

Unlike brands that do not facing generic competition, the brands that face generic 
competition are committed to engage in predatory behavior in order to avoid profit 
destruction. The sample has been divided in two sub-groups: lone brands and the 
brands that are facing generic competition. The estimates have been compared side-by-
side to pinpoint aggressive strategies’ impact on the revenues of both groups. To test 
both hypotheses, the pooled cross-section regressions are estimated using a system of 
supply and demand equations, and instrumental variables techniques. In Table 6 
presented the comparison of means of two sub-samples: lone brands and brands that 
are already facing generic competition. 

Table 6  

------------------------------------------------------------------------------------------------------ 
This table reports comparison of means of two sub-samples: lone brands and brands 
that are already facing generic competition.  lnPrice and lnQuantity are dependent 
variables, and the rest are independent variables. The data set is cross-sectional, the 
total number of observations-years is 270 for lone brands’ sub-sample, and 168 for 
brands that are already facing generic competition; the period is 2007 to 2009. 

------------------------------------------------------------------------------------------------------- 

Variable  Brands only    Brands and Generics  
N  270  168 
------------------------------------------------------------------------------------------------------- 

Ln Price  6.1716  5.6343 

ln Quantity  -0.0749  -1.1119 

lnR&D  17.5516  14.4211 

lnS&G  17.9182  14.8879 

BBC  0.4072  0.2758 

BGC  0.0000  0.8631 

PPD  0.8778  0.9643 

PDS  0.0185  0.7619 
------------------------------------------------------------------------------------------------------- 
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Figure 5  

This figure shows the distributions of the Price (a) and Quantity (b) variables. The 
distributions of the variables are significantly right skewed; therefore the log values 
were used in the analysis along with the actual values. Number of observations is 438; 
the time frame is 2007 to 2009. 

------------------------------------------------------------------------------------------------------- 

 

a) 
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b) 

 
 
 
Main Results 

The results give support to the prediction that a brand uses intense advertisement to 
signal product’s quality and high costs of entry and doing business (theory of 
predation), and thereby discourage entry.  Similarly, the profit destruction hypothesis 
is also validated. These brands that are facing generics substitutes are more vulnerable 
to profits destruction, and are motivated to take costly actions. The results suggest that 
the brands that facing generic entrants invest heavily in the new product developments 
and reformulations (R&D race theory), as well as employ aggressive branding strategy 
to signal its products superiority.  
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Figure 6  

This figure shows the trend in biologics (a) drugs sales (Mil.), (b) quantities (volumes) 
and (c) prices for years of 2007-2009. Number of observations is 438, the time frame 
2007 to 2009. 

------------------------------------------------------------------------------------------------------- 

a) 

 

b) 

 

c) 

 
------------------------------------------------------------------------------------------------------- 
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The essay’s contribution to the literature 

Third essay contributes to several corporate finance literatures.  

Bagwell and Ramey (1988); (Tirole, 2006) have studied theories of predation and 
signaling. Also, Riley (2001) suggested that the optimal strategy of the firm is to choose 
a price higher than the monopoly price, thus, signaling that his cost is high; and, 
thereby relying on the information asymmetry. Fudenberg and Tirole (1986) offer their 
explanation of predation by an incumbent firm. In their model, the entrant is uncertain 
about how costly it will be to operate in the market, and does not observe the choice of 
incumbent. It could be the quantity sold or the secret discount on the listed price 
offered to “loyal” customers (Riley, 2001). 

That gives an incumbent the incentive to lower price (limit pricing theory). This essay 
offers empirical evidence to support the predation theory, while the instruments of 
predation are: an intense advertising and branding, as well as the R&D race to signal a 
firm’s intent to compete aggressively (Brander and Lewis, 1986).   

Phillips (1995) tested the interaction of firms’ production and pricing decisions with the 
capital structure; capital structure can affect industry product markets because 
financial instruments alter the ownership of residual cash flow and the ability of firm to 
invest. Chevalier (1995) examined how a supermarket industry firm’s capital structure 
affects its ability to compete; also, Chevalier and Scharfstein, (1996) study links 
between balance sheet strength and product-market behavior in the supermarket 
industry. They measure the strength (weakness) of balance sheet by leverage, i.e. highly 
indebted has a weak balance sheet. Matsa (2010) has studied capital structure as a tool 
to influence a collective bargaining with labor unions. Alternatively, I have examined 
how pharmaceutical firms use corporate finance decisions, such as investments in R&D 
and advertisement to signal superior quality of products and high cost of doing 
business. 

Earlier, the Rizzo and Zeckhauser (2005) analyzed the relationship between generic 
(chemical drugs/tablets) prescriptions share and brand prices and have found that the 
average price paid by consumers for a brand name drug falls substantially when a 
corresponding generics prescriptions’ share rises.  They presume that consumers are 
more likely to switch to generics when the price gap is great. “This effect is substantial: 
a 10% increase in the consumer’s generic scrip share is associated with a 15.6% decline 
in the average he pays for brand-name drugs” (Rizzo and Zeckhauser, 2005, p.2) 

The findings of Rizzo and Zeckhauser (2005) who examined the pharmaceuticals (small 
molecule) drugs data might not be applicable to the biologic drugs universe due to the 
substantial complexity in the characterization and manufacturing process of biologic 
drugs, as well as the costs associated with it. To my knowledge, the issue has not been 
empirically examined in the biologics drugs context. 

Earlier, the bargaining over conditions of trade theory (committing via customers and 
suppliers) studied by Spulber (1989), Spiegel and Spulber (1994), Spiegel (1996) and 
Tirole (2006).  The 3rd party is a regulator (customer), from which the firm (utility) 
tries to extract high regulated retail prices. Also Matsa (2010) has studied bargaining 
over conditions of trade with the 3rd party (labor union). Big Pharma has bargaining 
power because of existing relationship (the government is major customer due to 
Medicare, Medicaid program); and, arguably, has been able to ‘bargain over conditions 
of trade’ with the regulator, such as to achieve the passage of rules that are favorable to 
brands. The Health Care Reform and “Biologics Competition and Innovation Act” has 
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extended the brands biologics exclusivity to 12 years, as well as required the generics 
drugs manufacturers to conduct clinical trials prior to approval. 
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3 SUMMARY AND CONTRIBUTION OF THE THESIS 

The aim of this dissertation is to examine critical issues that pharmaceutical industry 
currently facing through lenses of corporate finance theories. Tirole (2006) suggest that 
the pharmaceuticals market is primarily an innovation market; thus, each firm must 
develop new technology and know-how in order to enter and serve the market.  A firm’s 
profit, when it succeeds in development depends on whether it faces a competitor, that 
is, whether the other firm also succeeds. A common theme in the essays stems from a 
role corporate finance decisions are playing in the interactions of a pharmaceutical firm 
with its strategic partners and/or competitors. 

The modern theoretical Corporate Finance research asks how the agency problems, 
asymmetric information, signaling and incomplete contracting affect corporations’ 
optimal investing and financing activities while taking into consideration also the 
strategic behavior of other market participants. This research is a collection of three 
empirical studies of economics of pharmaceutical industry, while three theoretical 
corporate finance models, i.e. incomplete contracting, asymmetric information and 
signaling render frameworks for the three essays respectively. I explore the impact of 
corporate finance decisions by addressing three broad questions.  First: How the 
ownership and control over assets are allocated within drug development partnerships; 
and how contracts are designed to incorporate contingency provisions, such as a drug 
failure in clinical trials and monitoring problems?  Second: What are determinants of 
the settlements of pharmaceuticals’ patents litigations and whether settlements can 
help alleviate the costs of the informational asymmetry problem (i.e. a patent’s 
validity)?  Third: Can a firm, by signaling high barriers to entry and commitment to 
behave aggressively, effectively deter potential market entrants?   

This thesis contributes to the several lines of literature by increasing the knowledge as 
to how the drug development partnerships’ contracts are structured, what are 
determinants and benefits of the settlements of pharmaceuticals’ disputes as well as 
sheds lights on biologic drugs competitive strategies. 

The problems being examined are focused on the specific strategic interactions (events) 
of the pharmaceutical and biotechnology firms, and because the dissertation’s issues all 
are relatively little analyzed, the study is very relevant. More specific knowledge of the 
issues that pharmaceutical firms face plausibly increases the intelligence of the 
practitioner and, thus, leads to better finance and investment decisions, as well as, 
increased value creation in corporate world. 

More precisely, the first essay adds to existing study of contractibility issues (Bolton 
and Dewatripoint, 2005), such as in the majority of deals have been contracted only the 
license’s option to commercialize a new drug. This essay also provides empirical 
evidence that technology ownership and revenue rights, generated by a new technology 
are contracted separately. 

Second essay uses economic theories of negotiations and credible threat to examine 
what motivates the counterparts’ decision to settle a patent dispute. This essay 
contributes to existing literature (eg. LaPorta et al.,  2002) by showing empirically that 
law puts effective constrains on the resources allocation, i.e. private parties cannot opt 
out, rules are mandatory. 
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Riley (2001) suggest that a costly action, such as a high introductory price, can signal 
the product quality. The third essay provides empirical evidence to support the 
suggestion that to continue to thrive, a firm takes costly actions to prevent mimicking 
by bad types. This essay contributes to the finance literature (e.g. Chevalier, 1995, on 
links between finance decisions and competition) by showing that unlike lone brands, 
the brands that are facing threat of generic entrants, invest heavily in the new product 
developments and reformulations (R&D race theory), as well as commit to intense 
advertising and branding, to signal its products superiority.  
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Abstract 
 
Asset ownership and control allocations within pharmaceutical drug development 

collaborations are examined through lenses of incomplete contracting. The subject of 
contractibility puts some constraints on corporate financing possibilities and then, decision and 
control rights become an issue. Because technology ownership and revenue rights, generated by 
a new technology are contracted separately, within the drug development’s partnership they are 
analyzed independently, as well.  

The findings suggest that the ownership of technology (IP rights) are transferred ex-
ante only in 4% of all partnerships, while in the majority of deals have been contracted only the 
licenses to commercialize a new drug. To minimize a partner’s risk exposure, license fees are 
paid upon validation of a drug target and not upfront when a partnership contract has signed. In 
the sample, over half of all projects began as licensing option contracts. These contracts are 
contingent upon the favorable state verification i.e. an outcome of clinical trials.  

In previous research, academic scholars have viewed equity stake transfers as an option 
to acquire a firm in future. I have examined the alternative hypothesis of replacing cash outright 
payments by an acquisition of a minority equity stake. My results suggest rather the credit 
rationing and minimizing the risk exposure. 

 

 
Introduction 

 
 As a rule, pharmaceutical firms commonly outsource new drug innovations to 

biotechnology firms. Yet, because biotechnology firms are often small to medium size, 
and do not have the resources to conduct larger scale clinical trials, promising drug 
targets are further developed in collaboration with larger pharmaceutical corporations. 
Strategic alliances have become an increasingly common vehicle for organizing 
corporate investment (Palia, Ravid and Reiser, 2008). The motivation for this analysis 
is the observation that while considering the partnering a development of a new drug, 
counterparts have to decide, either to buy a technology , or only to license 
commercialization rights; they must also decide how they go about contract design. A 
few new trends have emerged, yet many of these developments are currently only 
corroborated by anecdotal evidence; I have documented empirical evidence to support 
the industry observations. To my knowledge, there are no empirical papers yet, that 
have examined the transfer of control of the cash flow rather than transfer of 
pharmaceutical assets’ ownership.  

 This paper investigates how and at what stage of a drug development process 
the ownership or control over an asset and a cash flow generated by that asset are 
allocated within a partnership, using the data from pharmaceutical and biotechnology 
industries. Furthermore, I take a closer look at the design of partnership contracts and 
the ways partners use contractual provisions, such as an option to license a new drug, 
or, an acquisition of minority stake in the partner’s equity.   
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At the outset not all possible future contingencies can be included in the 
contract, since they are simply too difficult to describe in advance. If the initial contract 
does not outlay all the future contingencies, the key question becomes how future 
decisions are made? And, more importantly, how they are reflected in the choices of 
parties at ex-ante stage.  

In contract theory research (Grossman and Hart, (1986) and Hart and Moore 
(1990)), the view taken to incompleteness: even if a contract does not specify all 
contingencies in the contract ex ante, it is possible to agree ex ante on the decision –
making process. The question is who should have decision and control rights, since 
they are the keys to decisions and actions when unforeseen contingencies arrive. How 
should decision rights and cash flow rights be allocated in the initial contract between 
the parties?  Contracts that employ real option features are becoming increasingly 
common in pharmaceuticals universe. 

Additionally, because 62% of partnerships in the sample are cross-border, I 
have examined whether the international factor contributes to an ownership transfer 
or a contract design, possibly, because of the monitoring and costly state verification 
issues (Diamond, (1991); Winton, (1995)). In the area of financial contracting under 
moral hazard (“hidden action”), the critical issue is what are the variables that are 
observable and verifiable and thus, contractible. In most moral hazard problems in 
economics, the main trade-off is identified as between risk sharing and incentives 
(Jensen and Meckling, (1976); Leland and Pyle (1977); Myers and Majluf, (1984)).  

At first, the prediction is examined that within a framework of drug 
development partnerships, it is not the ownership of the assets, but, rather, the 
revenues generated by the assets are important. Following works of Aghion and Bolton 
(1993), Kaplan and Stromberg (2003), Robinson and Stuart (2007), and Dessein 
(2005), I distinguish between the technology ownership determined by who holds a 
title on a drug’s patent, and the control rights that establish who holds 
commercialization rights. For example, Amgen has developed a drug Apanesp and hold 
patent title (ownership) of the drug, while Johnson & Johnson has licensed the rights to 
manufacture and market the drug (controlling the drug). Commercialization (i.e., 
revenue) rights are transferred by means of an exclusive license and are asset specific.  

 The findings in this paper are consistent with the theories that emphasize not 
the asset ownership, but the value of residual rights of control in situations where 
parties write incomplete contracts. The results suggest that pharmaceutical firms have 
predominantly acquired the license to commercialize a drug but not the technology 
itself. The ownership of an asset – a drug’s patent title, often remains with a developer 
(a biotechnology firm) and has not been transferred. Moreover, the commercial rights 
are often transferred, often, only after a drug is validated, in other words, the efficacy 
has been established. Because drug development partnerships are driven by the 
outcome of the clinical data, the new drug targets successful progression through 
clinical trials serves as the validation of a drug (favorable state verification theory). 
Further analysis shows that the majority of contracts has been structured as option 
contracts (70% in the sample); where the license has been acquired and licensing fees 
are paid later in the course of partnership.  

The majority of partnerships in the sample are international (over 60%), so, the 
monitoring becomes an issue (moral hazard, “hidden action” theory), while the 
inclusion of an equity stake in partnership contracts, as hypothesized, intends to 
mitigate the moral hazard problem. The study is also supporting the hypothesis that 
partners aim to minimize outright cash disbursement, and the risk’ exposure, for 
example, when pharmaceutical has acquired a minority stake in a biotech partner’s 
equity. 

Further, the paper proceeds as follows. In part II, I shed light on the theoretical 
contributions of the research. In part III, I describe the hypotheses and underlying 
theories; it follows by the empirical design in IV. Part V reports the empirical results.  
Part VI concludes. 
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II. Theoretical Contributions of the research 

 

First, the key issue of the paper is contractibility issue, i.e. contractual 
incompleteness of partnership agreements and, hence the decision and control rights 
distribution. This analysis extends the research on ownership and control allocation 
within a framework of financing contracts. Lerner and Merger (1998) have found that 
in the early stages of a project more control has been assigned to a financing firm.  
Kaplan and Stromberg (2003) have noted that R&D partnership contracts often have 
been structured as VC contracts; a financier wants to receive ownership and control 
over the assets upfront, as collateral.  My findings corroborate Lerner and Merger 
(1998) and Kaplan and Stromberg (2003) on the equity stake transfer’s part, but not on 
the assets’ Intellectual Property (further, IP) rights or the revenue rights (licensing) 
allocation aspects. The results also give empirical support to corporate finance theories 
of contingent ownership and contingent control rights allocation. For example, Aghion 
and Bolton (1992) argued that co-ownership is typically sub-optimal relative to 
contingent ownership, and Dessein (2005) noted that contingent control rights were 
allocated upon ‘verifiable measures of performance’.   

Robinson and Stuart (2006) have observed that the reputation of a partner is 
important in the allocation of control in alliances. My findings suggest the phases of 
development, and, particularly, completing of a Phase IIb, is the pivotal point upon 
which the commercial rights are often contracted. The evidence agrees with Guedj and 
Scharfstein (2004) who have noted the phase of development as the critical 
determinant in investment decisions.  

Furthermore, Froot, Scharfstein and Stein, (1993) point out that the variability 
in cash flows disturbs investment and financing plans; thus, hedging can reduce the 
variability in cash flows and is optimal when the supply of external financing is 
inelastic. Research and Development (R&D) in the biotechnology and pharmaceutical 
industries is expensive, thus alliances are often formed at the stage that requires 
significant contributions of resources by the parties involved. Palia et al. (2007) have 
viewed collaborations as a risk minimizing technique while financing/co-financing 
projects. My findings are corroborating their hypothesis. Yet, this research focus is, 
specifically, on contract design as an additional risk management strategy, such as an 
exclusive licensing instead of technology transfer, a licensing contract’s initiation as an 
option contract; and equity stake inclusion as a replacement of cash outright in 
contracts. The majority of drug targets fail during the clinical trials; my results also 
show that the firms use contracts design to avoid commitment of waste resources 
upfront.   

In addition, this study extends the earlier research of the use of real options in 
contracts.  For example, Ziedonis (2007) has investigated the use of options in 
technology licensing. His research points out that “the option only corresponds to small 
initial investment that creates the opportunity to make a larger subsequent investment 
in the event the findings generated by the initial investment are favorable. The price of 
the option corresponds to the initial expenditure, and the exercise price corresponds to 
the cost of the follow-on investment” (Ziedonis, 2007, (p.2)). There is evidence that 
firms use an option provision as the risk mitigating technique to avoid committing 
larger funds ex-ante, since, the option fees are significantly lower than the fees for 
exclusive licenses. 

This essay also provides the empirical evidence to the theories of trade-off 
between risk sharing and incentives; such as, moral hazard and credit rationing 
(Akerlof, 1970; Stiglitz and Weiss, 1981; De Meza and Webb, 1987); and moral hazard 
and limited liability (Innes, 1990). 
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III. Theory and Hypothesizes  

III. A. Purpose and Scope 

 
The objective is to study how the ownership and control over assets are 

allocated within drug development partnerships; and how contracts are designed to 
incorporate contingency provisions, such as a drug failure in clinical trials and 
monitoring problems.   

I have built upon limited liability theory (Innes, 1990) that posit that an 
entrepreneur does not internalize the loss in low states, as well as ,on the strategic 
management literature that advocates  risk reduction as a motive for alliance 
formation, i.e. the  firms are reluctant to finance high-risk projects internally. (See, for 
example: Mody, 1993; Bleeke and Ernest, 1993; Nanda and Williamson, 1995; Folta and 
Miller, 2002). 

Under the limited liability theory, alliances may be structured as a real option 
when firms do not want to commit substantial recourses until additional information 
becomes available. The option becomes more valuable as the risk of the environment 
increases. Earlier research provides different characterizations of frictions that may 
lead to hedge, such as, that the firms may want to reduce their risk exposure because of 
managerial risk aversion (Stultz, 1984; Smith and Stultz,1985; Tuffano, 1996; Ravid 
and Basuroy, 2004). Under the assumption of perfect capital markets, the financial 
economics literature would suggest that firm-level risk reduction activities are not 
optimal.  However, under different market frictions, though, the risk reduction might 
be valuable for shareholders. Alliances where cost and revenues are shared can serve a 
hedging purpose; in the biotechnology and pharmaceutical industries, projects are 
often terminated before completion; thus, Palia et all, (2008) predict a positive 
correlation between project risk and alliance formation. Earlier, Froot at all (1993) have 
pointed out the benefit of hedging. The hedging adds value to the extent that it helps 
ensure that a corporation has sufficient internal funds available to take advantage of 
attractive investment opportunities.  

I have examined the proposition that larger pharmaceuticals take licensing 
options in order to avoid paying licensing fees upfront and to be able to participate in 
multiple projects. Ziedonis (2007) also pointed out that option fees are substantially 
smaller than licensing fees. I posit that a pharmaceutical firm avoids investing in an 
unproven technology and is only interested if a drug target has been validated through 
clinical tests. The pharmaceutical firm wants to hedge the external drug development, 
while the biotech firm pursues the outside financing because the wealth constraints and 
risk-aversion. Thus, the objectives of the pharmaceutical firm and biotech firm are 
aligned by means of partnerships (financial) contracts. 

Because drug development is characterized by a high failure rate, the empirical 
analysis examines how the partners, using contract provisions, mitigate the risks of 
potential drugs failures. Since, the majority of partnerships in the sample are 
international (over 60%), the monitoring could become an issue. First, the factors that 
determined the control reallocation via licensing are identified. Second, the licensing 
initiation as an option contract is examined. Earlier, Kaplan and Stromberg (2003) 
have studied VC investments and found out that venture capitalists separately allocate 
cash flow and other control rights and that these rights are often contingent upon 
observable measures of financial and non-financial performance.  
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Following Robinson and Stuart (2007), two types of control are identified: 
ownership-based control, vs. contract-based. To design an empirical testing I have 
selected three types of assets. First asset is the technology ownership (IP Rights), the 
second asset is the (commercial) rights to the cash flow generated from this technology 
(a license), and the last one is an acquisition of minority equity stake that is included in 
a contract.  

I have examined the hypothesis that in R&D collaboration, while the IP rights 
(patent) is owned and controlled by a biotech firm (and are never contracted upon), the 
pharmaceutical firm has control over the final product of the development, the new 
drug, and its commercialization rights. In exchange, a pharmaceutical firm provides the 
R&D funding and will take over the development process at more advanced stage. For a 
small biotech firm, it is also beneficial to retain the control of a drug as long as possible 
and to delay an out- licensing, in order to receive higher valuations later in the course 
of the development.  If a biotech avoids a premature out-licensing, later, when a drug is 
approved, the biotech can share the value it helps to create.  

Lastly, I have examine equity stake transfers as an attempt to coordinate 
corporate investment and financing policies, as in Froot at all, (1993). Under moral 
hazard and credit rationing theory, the entrepreneur bears the costs of moral hazard 
since they are priced in the cost of external financing. The ownership concentration 
(partial) comes with costs, notably reduced risk sharing, as in Admati, (1994); and may 
lead to excessive monitoring, thereby stifling managerial initiative ex-ante, as in 
Burkart, (1997). 

The scope of this research is limited, predominantly, to the licensing of 
commercialization rights, i.e. cash flow (revenue rights) allocation under the umbrella 
of a partnership,  and not the technology transfer, per se. Extensive research exists on 
the technology transfers, for example, from university to industry. (See, for example, 
Henderson, Jaffe and  Trajtenberg, 1999; Thursby, Jensen and Thursby, 2001; and 
Ziedonis, 2007). 

Since, in the drug development collaboration, it is, predominantly, the transfer 
of revenue rights that has been contracted upon, while only 4% is technology transfer 
(in my data set), I have not studied in depth the sale of the technology.  

The analysis is based on the assumption is that a pharmaceutical firm is not 
interested in buying a whole company, especially if a biotech has no earnings; it only 
wants to invest in a particular technology, preferably in an area of its own research 
interest. A biotech firm has cash constraints and has the pressure to sell a technology to 
a highest bidder, or, out-license with more cash up-front. One might suggest that cash 
starved firms or firms with low valuations hold weaker bargaining positions and have to 
issue higher equity stakes, or even sell out their most valuable and sometimes only 
asset, the IP right on a technology.  However, I posit that the purpose of a partnership 
formation is to develop, and, later, to commercialize a particular drug target by means 
of a licensing, and not to invest in or buy an entire firm. Co-development agreements 
are negotiated on the merits of a particular target, and a drug’s earning potential. Only 
the cash flow from that new drug and not an entire firm‘s cash flow can be connected to 
a partnership’s success. Hence, in this analysis, I have utilized partnership-level, not 
firm level, or patent level data.  
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III.B. Hypotheses 

III.B.1. Contractual Incompleteness: Ownership vs. Control allocation. 

The theory ((Grossman and Hart, 1986); and Hart and Moore (1990)) predicts 
that the ownership of productive assets is allocated to the party requiring the most 
protection against ex-post opportunism, and, the owner of a firm has the right to 
exclude others from using the firm’s assets. In previous research, Lerner and Merger 
(1998) and Kaplan and Stromberg (2003) have examined ownership and control 
allocation within the collaboration framework and have found that the control assigned 
to financing partner earlier in collaboration.  

Two types of control are examined:  the ownership of the technology (IP 
rights/patent), and the contract based control (revenue rights) that is transferred via 
licensing, as in Robinson and Stuart (2007). 

I posit that in the pharmaceutical world, the ownership of an asset (molecule) is 
allocated to a biotech firm (not transferred); only the revenue rights are contracted 
upon via licensing. Thus, the prediction, if confirmed by the findings, will support the 
theory that ownership of productive assets (a patent) is allocated to the party requiring 
the most protection (a biotech firm).  

 
H1  Ownership of IP rights (a patent) remains with the biotech firm and not transfers; 

only revenue rights are transferred by means of commercialization license.  
 

Furthermore, the control over the development process also stays with the 
biotech firm at the early stage. Later in the course of the partnership, if the clinical 
trials are successful, the control will be transferred to a pharmaceutical firm 
(contingent contracts theory). In addition, the biotech firm may choose to participate in 
the commercialization and share the revenues, or, to forfeit commercial rights, and 
receive royalties only. In my sample most of the partnerships (83%) have royalty 
provision, while holding an option to participate in commercialization process; this fact 
also speaks for the contingent contract design theory. The earlier research, (for example 
Gallini and Wright, 1990; Beggs, 1992) has  viewed a  technology/patent transfer 
through lenses of  asymmetric information, and, thus , explored the staggered/royalty 
based fees. My goal is different; the focus is on the incomplete contracts and contingent 
contracts design and credit rationing theories. In pharmaceutical drug development, 
even a patent holder itself does not have information whether the drug target will be 
eventually approved. 

 

III.B.2. Contingent contract’s design and limited liability. 

In theoretical corporate finance literature, the contingent control allocation is 
seen as a way of mitigating the opportunistic behavior of agents.  However, Kaplan and 
Stromberg (2003) noted that the contractual provisions are not always enforced; in the 
VC model, the financing is dispersed in rounds and the funding is contingent on 
financial and non-financial performance milestones (see also Gompers, 1997; Gompers 
and Lerner, 2000; and Lerner, 2001). Drug development characterized by a high failure 
rate even in later stages of development. Thus, ventures are structured in a way that, 
first, a new drug should meet the endpoints, or milestones, established before the 
clinical trials begin in order to get a research reimbursement or additional funding 
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(verification of favorable state theory). Ziedonis (2007) studied the use of real options 
as valuable managerial tool in the university technology licensing, because option fees 
are significantly lower than the actual licensing fees.  

I have examined the use of the option features in the drug development 
partnerships: the license outright acquisition ax-ante, when a partnership contract is 
signed; or, only option to licensing has been acquired upfront.  Due to the option 
feature of a contract, partners do not internalize losses in bad states (limited liability 
theory) (see Innes, 1990).  

 

H 2  To avoid the possibility of making substantial investments (licensing fees) and 
discontinuing the project latter, the partnerships agreements are structured in 
the way that, ex-ante, the pharmaceutical firm acquires a licensing option; 
this option will be exercised later, contingent upon verification of favorable 
state(limited liability theory). 

 
III.B.3. What about moral hazard, monitoring and credit rationing?  

 
In finance literature, scholars view the equity stake ownership as the transfer of 

the company’s assets and as a step towards merger (Robinson, 2008, p.33). Folta and 
Miller (2002) suggest that large pharmaceuticals that hold minority stakes in 
biotechnology firms, in essence hold the option on future acquisition. They have found 
that holders of these stakes are more likely to acquire the biotech company (i.e., 
exercise the option) when uncertainty of the target is low.  The alternative suggestion is 
that VC’s need to support the firm’s equity until IPO (Kaplan and Stromberg, 2003).  

I posit that the pharmaceutical firm’s limited capacity to absorb a new 
investment affects the contract’s provisions; an equity stake is included in a contract to 
minimize the cash outright disbursement ex-ante to minimize the risk (avoid bad 
types), and be able to participate in several projects (moral hazard and credit rationing 
theory). (See also: Akerlof, 1970; Jaffe and Modigliani, 1969; Stiglitz and Weiss, 1981; 
Meza and Webb, 1987; and Bolton and Dewatripont, 2005). 

Ultimately, the entrepreneur (biotech firm) bears the cost of moral hazard, since 
the cost (equity stake) is priced in the cost of external finance. For a biotech, it is better 
not to have to give up (diluting) equity in exchange for cash at all, unless it is offered a 
larger premium; if the biotech firm is private, its equity is the most expensive. 
Furthermore, the longer a biotech firm is able to preserve its own independence, the 
better, because the equity valuations are going to be much higher after a product has 
advanced to the later stages of development.  

 

H3  The pharmaceutical firm acquires an equity stake in lieu of an outright cash 
payment, possibly, to minimize the risk exposure (moral hazard, credit 
rationing theories). 
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IV. Empirical Design 

 
 

IV.A. Data Source and Samples 

   
The sample consists of 777 observations of international and domestic drug 

development partnerships from 29 countries.  Many partnerships, particularly smaller 
ones, have only reported totals of deals’ valuations and have not broken down to 
upfront payments, license fees and milestones, while few have not been disclosed 
financial terms at all. For partnerships that have reported specific financial terms, I 
have also run separate regressions N=341 (small sample).  All data has been manually 
collected from LexisNexis Academic database; the following search terms were used: 
Collaborations, Partnerships, Licensing, Upfront, Milestones, Biotechnology firm, and 
Pharmaceutical firm, years 1999-2008. In addition, the data was cross-referenced with 
official press releases on firms’ web sites, and 10Q, 10K. To my knowledge, the cross-
sectional data set is comprehensive and includes most of active domestic and 
international drug development partnerships and collaborations for that period. The 
majority of firms in the sample are public companies, and only a few of them are 
privately owned. I have collected the following information regarding an each 
partnership: the announced total value of a project, including upfront payments, 
licensing or licensing option fees, milestones, future royalties and minority investments 
in the partner’s equity.  In addition has been gathered information whether a 
technology has been transferred (sold), whether a licensing option has been taken 
instead of a licensing outright, and, if an equity stake has been acquired.  The partners 
names and a countries of domicile, the date when the partnership’s contract was 
signed, the disease indication of a partnered new drug and the phase of a development 
drug currently is, are also collected. 

 

IV.B. Specifications and Variables Descriptions 

 

IV.B.1. The general framework is followed Ziedonis (2007).To test ownership 
and control rights allocation (incomplete contracting theory), I have constructed a 
dummy variable IPRIGHTS to serve as a proxy for the ownership right, i.e. technology 
(patent) has been sold. On a contrary, licensing is a contractual arrangement, when 
rights to use a technology (to manufacture and marketing the drug) have been licensed 
for a specified period, for example, until expiration of a patent. 

I have used the definition of a patent assignment posted on the US Patent office 
website as a basis for that variable.  

 
 “Assignment is defined as transfer of rights in intellectual property. An assignment of a 
patent, for example, is a transfer of sufficient rights so that the recipient has title to the 
patent. The assignment can be a transfer of all rights of exclusivity in the patent, of an 
undivided portion, (for example a 50 % interest), or of all rights within a specific location 
(for example a certain area of the United States). Transfer of anything less is considered to 
be a license.” (usinfo.state.gov) 
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If a patent has been assigned (ownership transferred) ex ante the dummy equals 
zero. Conversely, if only the commercial rights were licensed (control rights) a dummy 
equals 1.  

At the outset, the partners have to decide whether the patent (IP rights) 
ownership will be contracted upon (sold), or not. My hypothesis is that within the drug 
development collaboration only the revenue rights are contracted upon, while a 
technology title remains with the biotech. I posit that the financier (Pharma) is only 
interested in the revenue rights and not in the asset ownership per se. 

 
IPRIGTS= α0 +α1PHASE +α2 DISEASE +α3INTERNTN  
+ α4IPINDEX + α5 LNDEALSIZE + e.   (1) 

 
The key independent variables are: PHASE, DISEASE and INTERNATIONAL. 

Following the logic of Danzon, Nicholson and Pereira (2005), Robinson and Stuart 
(2006), Lerner and Merger (1998), Guedj and Scharfstein (2004), the PHASE variable 
is included as the independent variable.  The PHASE is a proxy for favorable state 
verification, and is expected to correlate positively with the dependent. ( I have isolated 
the phase IIb as the most critical in the drug development process because it is 
recognized as the validation of the new drug, so called, the “proof-of-concept”. The 
dummy for the PHASE is coded as 0 if a contract is signed earlier than Phase IIb and as 
1 if a contract is signed after the successful completion of Phase IIb). That is, only 
commercialization rights will be contracted upon, though, the early stage targets more 
often will be acquired.  

Following the same logic, the DISEASE variable is expected to correlate 
positively with the dependent; the unmet needs category commands higher premiums, 
thus more likely only the revenue rights will be contracted upon. Yet, the other 
plausible prediction is that a pharmaceutical firm is more likely to acquire the 
technology rights on a drug that belongs to ‘unmet needs’ category.  The 
INTERNATIONAL variable controls for the difficulty of monitoring of international 
partnerships (moral hazard, monitoring theory), thus, negative coefficient is expected. 
This variable might affect the decision to buy a technology rather than licensing 
commercial rights. 

I control for IPINDEX and LNDEALSIZE. Two samples are tested: N=777 and 
N= 341. 

DISEASE.  Pharmaceutical firms have developed an expertise in particular 
disease categories and often are only interested in potential targets for these 
indications. The unmet medical need categories, such as cancer, diabetes, cardio-
vascular, or infections, have higher revenues potential and, therefore, command higher 
premiums.  (FDA defined an unmet medical need as ‘medical need that is not 
addressed adequately by an existing therapy’ (FDA website)). Since a disease category 
is important in its own right, and serves as a proxy for a potential market size, I have 
included in the regression a variable DISEASE category, similar to Guedj and 
Scharfsein (2004), Danzon et al., (2005), Lerner and Malmendier (2010). 
INTERNATIONAL. Sixty-two percent of collaborations in the sample are international. 
Intuitively, the international partnerships are more difficult and costly to monitor due 
to different accounting rules, geographical distance, and incoherent laws (Oxley, 1998; 
Folta and Ferrier, 2000).  The fact that one of the partners is domiciled abroad, as 
hypothesized, might have been an important determinant of the decision to acquire a 
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technology, versus only licensing of commercialization rights (difficult to monitor 
theory). Furthermore, a partner’s country of domicile might determine a contract’s 
design (outright licensing or an option), and an inclusion of equity stake into a contract 
provision 

IV.B.2. Ex-ante, not all possible contingencies can be included in the contract, 
since they are too difficult to describe in advance. To avoid internalizing losses in a bad 
state (limited liability theory, Innes, (1990)) many partnership deals ex-ante only 
contracting an option to license. To identify the determinants of the option as a 
contingency provision, the license definition is employed to construct the dependent 
variable in the second specification - LICENSE.  The definition of a license on the US 
Patent office website is:  

 

  “License is a permission to use an intellectual property right, under defined 
conditions—as to time, context, market line, or territory. In intellectual property law, 
important distinctions exist between ‘exclusive licenses’ and ‘nonexclusive licenses.’ An 
exclusive license does not necessarily mean that this is the one and only license granted 
by the licensor. In giving an exclusive license, the licensor promises that he or she will 
not grant other licenses of the same rights within the same scope or field covered by the 
exclusive license. However, the owner of rights may grant any number of nonexclusive 
licenses of the same rights. In a nonexclusive license, title remains with the licensor. A 
patent license is a transfer of rights that does not amount to an assignment of the 
patent.” (usinfo.state.gov) 
 

I designated the dummy as 1 if a license is purchased ex-ante, and as zero if only 
an option contract has been purchased. The key variables of interest are PHASE, 
DISEASE and INTERNATIONAL, and all are expected to correlate negatively with the 
dependent variable. 

 

LICENSE= β0+β1 PHASE+ β2 DISEASE + β3 INTERNATNAL  
+ β4 LNDEALSIZE + u.   (2) 
  

Dessein, (2006) recognized the importance of the “favorable state verification”. 
Following his logic, I view the PHASE variable as the contingency provision, upon 
which the license can be taken. Moreover, the later stages projects could capture higher 
average valuations of a licensing deal. Multiple disease indications drugs are command 
higher valuations than single disease’s, and are predicted to begin as an option, simply 
to minimize cash outflow. The INTERNATIONAL variable controls for the moral 
hazard and monitoring problem. Ex-ante monitoring is inefficient, or not contractible 
(Burkart, Gromb and Panuzi, (1997); Pagano and Roell, (1998) and Myers (2000)), 
therefore, the international partnership is predicted to begin as a contingent contract 
(an option), and therefore a negative coefficient is justified.  

I am arguing that a contract’s design as contingent is related to the low 
probability of success of a project and not as much to its valuation. Therefore, a 
project’s total value (DEAL SIZE) has been included only as a control variable. (If 
license fees are paid ex ante, when partnership contract is signed, the upfront payment 
will be affected, however, the total deal size will remain constant. Thus, it does not 
make the variable deal size endogenous; in fact, the total deal size might be smaller 
because the option fees are avoided). 
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In earlier research, Nicholson at al. (2002); Danzon et al. (2005); Kaplan and 
Stromberg (2003), have included the deal size, as one of the regressors. The empirical 
approach is described in Ziedonis (2007). The decision to acquire an option versus the 
license outright - node (d 2), is sequential and conditional on the decision to contract 
only revenue rights - node (d 1), and forgo the ownership right transfer.  

Therefore, the partnerships that have transferred (sold) the technology rights ex-ante 
are excluded from the samples in the second specification; the two samples have been 
reduced in the second test to N=749 from larger original sample of 777, and to N=319 
from 341(sub-sample) (see Figure 1). The joint choice probabilities can be expressed as 
a product of marginal (Eq. 1) and conditional (Eq. 2) probabilities. (For details, see also 
Wooldridge (2001): equations (15.84) and (15.85), as well as Ziedonis (2007). 
 

P  Option to license =P(Option│ Licensing) · P (Licensing). 
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Figure 1. 
The decision process of the pharmaceutical agreement. 

d1 corresponds to the decision tested in the 1st specification: IP RIGHTS(Technology Transfer)  
or COMMERCIAL RIGHTS (LICENSE). d2 corresponds to the decision tested in the 2nd specification: 

OPTION to LICENSE or ex-ante LICENSE purchase. 

 
 

 

IV.B.3. Because of conflicts of interests between the party making the 
operating decisions (biotech) and outside investors (Big Pharma), the outside financing 
involve costs due to moral hazard, such a monitoring; thus, the financing often have 
restrictions that limit the use of funding to particular technology. The monitoring is 
particularly important for the international partnerships; because the outside investors 
do not know the quality of the projects, or the reputation of a counterpart, as in Akerlof 
(1970), Bolton and Dewatripont (2005), and Robinson and Stuart (2006). 
Furthermore, the pharmaceutical firm’s capacity to carry on several development 
projects is limited; thus, not all valuable projects can be financed. To minimize ex-ante 
cash outright disbursement, and to prevent insider (biotech) from deviations from 
product maximizing, as hypothesized, the equity stake is included as the contract 
provisions (credit rationing theory).  

The dependent in the third specification is the EQUITY stake dummy.  If equity 
stake is transferred as a portion of upfront payment (or, in lieu of), it is often has 
carried a substantial premium (up to 30%) to motivate a seller (biotech).  If a 
partnership contract included an equity stake, I have designated dummy equal 1, and 
zero otherwise. Because in the third test I am studying the likelihood of equity inclusion 
in the partnership agreements, I have used logit estimation. I have examined the 
determinants of the contract (key variables of interest) that are the partnership 
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centered: DEAL SIZE and INTERNATIONAL; unlike the earlier tests that are mainly 
focused the product characteristics: PHASE and DISEASE.  

 
EQUITY= γ0+γ1 LNDEALSIZE+ γ2 INTERNTNL + γ3 PHASE + γ4 DISEASE + 
γ5IPINDEX + γ6EFFJDST +µ.    (3) 

The outside investor (Big Pharma) does not know perfectly the quality of the 
project or an entrepreneur; thus, if the hypothesis supported, the coefficients of the 
DEALSIZE, INTERNATIONAL, will be positively correlate with the dependent (moral 
hazard, monitoring theory). The later the stage of development is, the more funding 
needed, and the valuations are higher in the advanced clinical phases, thus the more 
likely equity will be included in a contract. One might argue that the Deal Size is 
endogenous. I have not been able to test for endogeneity because of lack of suitable 
instruments. (Note: the royalties variable potentially could be a good instrument; 
however, because the majority of partnership agreements have only report “potential 
royalties’, but have not disclosed its magnitude, the variable royalty is inferior and have 
not been used in the analysis). 

Furthermore, in this analysis I have only examined the likelihood of inclusion of 
equity in the contracts and not the equity stake magnitude.  I hypothesized that the 
Deal size has been established first; there after the equity inclusion has been negotiated 
in lieu of a cash payment only and not in addition to the total deal size. Thus, while deal 
size might have effect on the equity stake inclusion, the reverse relationship is not 
likely. 

I controlled for PHASE, DISEASE and IPINDEX. In addition, the Efficiency of 
Judicial System variable has been included as a control for a country’s investor 
protection strength. Two samples are tested: N= 341 (sub-sample), and N=777.  

LNDEAL SIZE. In the event that a drug target attracts multiple bidders, the 
partnership valuations can rise even higher. The distribution of the deal size variable is 
right skewed. To correct the problem, I took the natural logarithm of the variable DEAL 
SIZE and performed the regressions with LNDEAL SIZE. Some of the observations are 
missing detailed financial information and only stated, for instance that “buyer will pay 
upfront payments, milestones and royalties”.   In the large sample, which contains all 
observations, I have added $1.00 to all observations to be able to take Log of the Deal 
Size variable. 

IPINDEX. The level and quality of IP rights protection in a country might 
influence the structure of a partnership. Following Oxley (1998), I control for the 
variable IPINDEX, composed by Ginarte and Park (1997). In the event that two 
partners have different scores (as in a majority of cases in the sample), I have assigned 
a lower score to a partnership because of the assumption that the country with the lover 
score will be more likely to deviate or  engage in opportunistic behavior.   

EFFICIENCY OF JUDICIAL SYSTEM. The rule of law in the country might 
affect the propensity of the partners to invest in the R&D project, and, particularly, to 
acquire a stake in a partner’s equity. Similar to LaPorta, Lopes-de-Silanes, Shleifer and 
Vishny (1998), I have used a score of the ‘Efficiency of Judicial System’. The variables 
descriptions reported in Table 1. 
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Variables Table 1. The Description of the Variables. 

IP RIGHTS 

If contract includes Intellectual Property Rights (assets) transfer, the assignation of 
a patent or sale of the technology ex-ante Dummy equal 0. If only the 
commercialization rights in the form of the exclusive license are transferred, 
Dummy = 1. 

LICENSE 
This variable is a proxy for the licensing of a drug’s commercialization rights. If a 
license is purchased ex-ante, a dummy designated 1 and 0 if only an option has 
been taken to commercialize a drug. 

EQUITY STAKE 
The Dummy = 1, if the equity stake has been purchased ex-ante, usually with 
substantial premium in lieu of cash payment outright, and 0 otherwise. 

DEAL SIZE 

The total value of a partnership or a collaboration project, computed as a sum of 
upfront payment, research re-imbursement, milestones, and royalties. This variable 
also assumes warrants, or convertible debt securities. LNDEALSIZE. Deal value 
variable right skewed. To correct I have taken natural log of Deal Value variable. 

PHASE 

The dummy variable was created for the Phase of development. In order to be 
approved, the drug has to successfully complete several clinical trials: Pre-clinical 
Phase, Phase I, II, III, and often Phase IV.  The Phase IIb is the pivotal point in the 
drug development process. The dummy defined as 1 if post Phase IIb, and 0 if 
before the Phase IIb. 

DISEASE 

The disease category variable is critical to gauge the patient population and, 
therefore, market potential. Unmet need drug categories, such as oncology, central 
nervous system, cardio-vascular diseases command highest premiums and have 
highest patient populations. I have clustered above categories in to one group, 
dummy equals 1. The other group consists of orphan drugs and medical devises, 
diagnostics with much smaller market, dummy equals 0. 

INTERNATIONAL 
This dummy variable identifies the international or cross-border alliances. If both 
partners domicile in different countries, Dummy designated as 1 (international), 
and 0 otherwise. 

UPFRONT 

The funding that is paid upon the signing of a contract. Usually consists of the 
research funding and/or payment for licensing or option to license. The 
unconditional payment that depends on how many products/or technology 
platform a biotech bring in the collaboration, and the drug’s disease category. 

LNMILESTONES 

This variable is a proxy for the contingent type of contracts. The milestones are 
payments that are conditional on the occurrence of specified events, such as the 
successful results of clinical trials, for instance.  Regulatory milestones are paid 
upon filing the drug application, or drug approval by FDA, for example. The sales 
milestones are paid if a drug achieves a certain sales threshold. 

ROYALTIES 

Drug’s inventor might out-license a drug candidate and opt out 
participation in the commercialization process, in exchange for royalties. 
Dummy is designated as 1, if royalties are included in contractual 
provisions, and 0, if a partner participates in a commercialization 
process/profit share arrangement. 

IP INDEX 

IP (Intellectual Property) index has been developed by Ginarte and Park (1997). 
Park and Ginarte developed the measure IPINDEX by examining five categories 
of the patent law: the extent of coverage, the membership in international patent 
agreements, the provisions for loss protection, the enforcement mechanisms, and 
the duration of protection. It assigns the values to intellectual property law in 



 

 

51 

selected countries. Index varies from lowest 1.48 (India) to highest 4.52 (US). 

EFFICIECY OF 
JUDICIAL 
SYSTEM 

This is measure, that was first introduced by LaPorta, Lakonishok, Shleifer, 
Vishny in the paper “Law and Finance”, 2000. Index measures the protection of a 
small investor in selected countries. Scales from 0 to 10. The index is published by 
the rating agency ‘Business International Corporation’. 

 

V. Empirical results   

 
The descriptive statistics are reported in Table 2 (To save the space, I have only 

reported the statistics of larger sample). For the each hypothesis testing, I have 
reported results of both samples, though more weight is given to the statistical results 
of the larger samples.  

The majority (68%) of drugs in the samples are in earlier stages, i.e. only 32% of 
investigated drugs in the samples have completed Phase IIb clinical testing. 
Additionally, 70.5% of all contracts are option contracts, in which the exclusive license 
will be acquired only after the validation of a drug, the rest ( 29.5%) are the contracts 
when the license acquired ex-ante.  

The licenses outright acquisition suggests that the contract is the front-loaded, 
vs. back-loaded (option to license), which means it is contingent on the development 
success, and payments are disbursed in the form of milestones. The deal size in the 
smaller sample varies from $105,000.00 to $1.05 billion, while nearly half of the 
observations were under $50 million dollars. The development milestones and royalties 
are an inherent part of the licensing contract, and most of the contracts have these 
provisions, though the data limitation has not allowed investigating this relationship in 
depth. The majority of partnerships contracts (83%) in the sample have a royalty 
provision that often stated as “potential royalties”. Because the royalties are part of the 
cash flow rights, and because they are relevant only if a drug has been approved and is 
already marketed, the royalties are not included tests. The scope of the analysis is the 
contingent (incomplete) contracts design and control allocation, while the drug is still 
in the development phase and partners are facing the uncertainty of the investigational 
drug’s success, defined as the FDA’s approval. In the larger sample, 61.90% of 
partnerships are international; the INTERNATIONAL variable controls for the 
difficulty of monitoring throughout the analysis. 
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Table 2. Summary Statistics of the larger sample. 

This table presents summary statistics of the larger sample of cross-sectional observations, 
N=777; the time frame is 1999 to 2008.  Many observations are missing some contract data. In 
order to take logs of values and use these entries in the tests and I have added $1.00 to all 
observations. 

Variables Min Max Mean St. 
Deviation 

Number Frequency(%) 

IPRIGHTS 0 1 0.9640 0.1865 749 96.40 

LICENSE 0 1 0.2952 0.4564 209 29.50 

EQUITY 0 1 0.1340 0.3408 104 13.40 

DISEASE 0 1 0.4723 0.4995 367 47.20 

PHASE 0 1 0.3205 0.4669 249 32.00 

INTERNATINL 0 1 0.6190 0.4859 481 61.90 

ROYALTIES 0 1 0.8328 0.3735 478 83.30 

DEALSIZE 1.0 1,050.00Mln. 6.9984E7 1.69967E8   

LNDEALSIZE 0 20.77 7.7729 8.87654   

IPINDEX 1.48 4.52 3.8887 0.65052   

EFF.JUD.SYSTEM 3.25 10.00 9.4259 1.14444   

 
All observations in the sample are cross-sectional, time period is 1999-2008. 

The dependents in all specifications are dichotomous, thus, the regressions were tested 
using logit estimates.  

The decision process consists of two steps. First, ex-ante the partners have to 
make a decision to buy the technology, or only to license commercial rights (d1). In the 
second step (d2), in the event that only the commercialization rights have been chosen, 
the partners have to make a decision to acquire a license ex-ante, or latter in course of a 
partnership by exercising an option (see Figure 1).   

Because decisions (1) and (2) are made simultaneously and with same available 
data, and the decision at (d2) in conditional on the decision at (d1), I have applied the 
Nested Logit model two-step procedure (Woodridge, 2001). First, I have estimated 
equation 2 and saved predicted probabilities to integrate the response probabilities (λ). 
Then the response probabilities (λ) have been plugged into the first equation as an 
additional estimator. The two-step conditional MLE is consistent and asymptotically 
normal under general conditions. The 3rd equation is estimated independently. 

V.1.The results give support to the contractual incompleteness theory 
(Grossman and Hart (1986) and Hart and Moore (1990)) and ex-ante asset allocation 
to the party who needs the protection the most (biotech firm).  All independent 
variables coefficients are weak.  Though it is possible to find support to the first 
hypothesis just by looking at the data sample without regression estimates; only a small 
fraction (6% in the smaller sample and 3.6% in the full sample) are the transfers of an 



 

 

53 

ownership, the two-step nested logit model calls for an estimation. Coefficient of (λ) is 
not equal to zero, indicating that the two-stage estimation is justified. The patent title/ 
technology ownership remains with the biotech and not transferred. Intuitively, the 
weak coefficients imply that the licensing is a norm, and is not determined by product 
characteristics. Pharmaceuticals do not necessarily want to buy a technology, but only 
to take advantage of the drug revenues if success. As a rule, only the commercial rights 
have been licensed. If a pharmaceutical firm is getting all rights over a technology, it is 
like buying a whole firm, but it is not a pharmaceutical firm’s objective. Results are 
reported in Table 3. 

 
 

Table 3.  Estimation of the ownership v.s. control allocation hypothesis. 

In columns 1 are reported results of the smaller sample N=341, and in column 2 are reported results of the 
larger sample N=777; the time frame 1999 to 2008. The dependents in all specifications are IPRIGHTS. 
The independent variables are defined in Table 1. p-values are reported in parentheses. Variables that are 
statistically significant at 1, 5, or 10% levels reported in Bold.  

Variables IP RIGHTS 
N=341 

IP RIGHTS 
N=777 

LNDEALSIZE -1.216 
(0.377) 

0.017 
(0.832) 

PHASE 0.678 
(0.563) 

1.194 
(0.523) 

DISEASE 0.146 
(0.771) 

-0.292 
(0.467) 

INTERNATIONAL -0.561 
(0.458) 

-0.105 
(0.887) 

IPINDEX 0.304 
(0.586) 

0.092 
(0.833) 

RESPONSE PROB.( λ) 8.916 
(0.420) 

3.838 
(0.516) 

CONSTANT 19.000 
(0.314) 

1.033 
(0.808) 

Chi-square 
Significance 

2.342 
0.886 

4.212 
0.648 

 

The Kaplan and Stromberg (2003) suggest that a less successful venture will see 
control being transferred from the founder to the VC. My evidence suggests otherwise; 
in drug development partnerships, if a drug is not successful, the pharmaceutical 
partner will seize the financing but is not necessarily interested in controlling the 
technology further, unless specified in a contract. The separation of the cash flow rights 
(licensing) and the ownership of assets (a patent’s title), as hypothesized, has allowed 
the financier to minimize the cash outflow and undertake more projects, to achieve 
better investment diversifications and to mitigate a potential drug failure.  
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V.2. In the testing of the second hypothesis, the observations that correspond to 
the technology that has been transferred (sold) ex-ante were excluded from the 
samples, thus, the remaining samples sizes are N=749 and N=319. The evidence 
supports the contingent contracts’ hypothesis. 

The key variables coefficients of PHASE and DISEASE are negative, as 
expected, and significant. Phase of development is the critical determinant the 
contingent contract (a favorable state verification theory). The further along in 
development a drug is, the higher are valuations. Therefore, to minimize the cash 
outflow ex-ante, the licensing will be delayed; instead, the option to license will be 
taken and option premium will be paid. Though the results appear to be 
counterintuitive, it is important to remember that pharmaceuticals have limited 
capacity to fund multiple projects. By delaying payment of licensing fees, and thus 
postponing substantial cash upfront payments the pharmaceutical firm is able to 
partake in multiple projects. Unmet need category drugs command higher premiums 
also because of higher valuations and due to larger patients populations, therefore, the 
DISEASE category variable is negatively correlated with the dependent variable 
LICENSE. 

Theory suggests that ex-ante monitoring is inefficient; thus, in the international 
collaborations, the license is less likely will obtained ex-ante. The INTERNATIONAL 
coefficients are significant and negative (in the larger sample), as predicted, supporting 
the argument that if the partners domicile in different countries, it is more likely that 
an option contract will be taken and a licensing decision will be made later, after the 
verification of the favorable outcome.   

The LNDEALSIZE coefficients are significant and negative (in larger sample) as 
expected.  The LNDEALSIZE and INTRENATIONAL signs of coefficients are change 
signs, possibly, because in the smaller sample a substantially larger number of licenses 
(45.8%) were acquired ex-ante, vs. only 29.5% in the larger sample. The results of the 
larger sample have been given more weight. The results of the second specification 
estimates are reported in Table 4.  
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Table 4. Contingent contract’s design and limited liability. 
The first column report results of the test of the smaller sample (N= 319). In column 2 are reported results 

of the estimations of the full sample; number of observations is =749, the period is 1999 to 2008. The 
dependent variable in all estimates is LICENSE. The License dummy equals 1, if the license is acquired 

outright, ex-ante, and equals 0, if only an option acquired. The independent variables are defined in Table 
1.Statistically significant coefficients at 1, 5, or 10% level reported in Bold.  (p-values are in parentheses). 

Variables  LICENSE 
                         N=319 

LICENSE 
N=749 

LNDEALSIZE 0.581 
(0.000) 

-0.074 
(0.000) 

INTERNATIONAL 0.020 
(0.937) 

-0.479 
(0.012) 

PHASE -0.436 
(0.114) 

-1.646 
(0.000) 

DISASE -0.016 
(0.949) 

-0.024 
(0.895) 

CONSTANT -10.574 
(0.000) 

0.963 
(0.000) 

Chi-square 
Significance 

66.805 
0.000 

123.517 
0.000 

 
If the valuation of the project is high (product platform, for instance), the 

financing partner more likely acquires an option to an exclusive license. To check the 
robustness of the results, I have run the regression of the small sub-sample, replacing 
the LNDEALSIZE variables with the detailed provisions of the deals: LNUPFRONT, 
LNMILESTONES, and ROYALTIES. The results are similar and not reported.  

The results corroborate Kaplan and Stromberg (2003, p.33) findings that 
“contracts commit a significantly larger amount of financing, of which, on average, half 
is released subject to future performance”, and Ziedonis’ (2007, p.1) suggestion that 
“the options were taken until more information is obtained” (contingent contracts, 
limited liability theories).   

 
V.3. In the last section, I examined the partnership characteristics as the 

determinants of the contingent contract. Dependent, the EQUITY stake is included in 
13.4% of all partnership (23.2% in the small sample) contracts. Hypothesis is that 
equity is included to alleviate the monitoring costs, and/or to replace the cash outright 
with equity (risk minimizing, credit rationing theories) is supported by evidence. The 
key variables coefficients LNDEAL SIZE and INTERNATIONAL are positive and 
significant along with the expectations. The LNDEALSIZE coefficient suggests that the 
larger the deal size, the more likely the equity stake will be included in the contract in 
lieu of cash outright disbursement ex-ante. In the event, that a biotech is not willing to 
sell equity at times when the firm’s valuation is low, the investor has to offer a 
substantial premium to the share price. If a partnership is international, equity stake 
inclusion is also more likely (monitoring theory); the positive and significant coefficient 
validates the prediction. The further in development the drug candidate is (PHASE), 
the higher the valuations and, thus, the more likely that the minority equity purchase 
would partially replace cash outright payments, the phase coefficient is, also, positive 
and significant. The results corroborate Kaplan and Stromberg’s (2003) finding, when 
uncertainty about a venture [a new drug’s approval], and a founder [a biotech firm, if 
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collaboration is cross-border, for instance] is high, a financier will demand more equity 
and control as a compensation for providing more funding. In addition, Pharma 
(financier) may want to keep small biotech firm afloat while externally developing a 
new drug. Results are reported in Table 5.  

 
Table 5. The determinants of an inclusion of the equity stake in the contract. 

The dependent variable in all specifications is EQUITY STAKE. The independent variables are defined 
in Table 1. In the 1stcolumn are reported results of the smaller sample estimates (N=341). In the 
2ndcolumn are reported results of the full sample estimates, number of observation=777, the period: 1999 
to 2008.  p-values are in parenthesis. In Bold are statistically significant results at 1, 5, or 10 percent 
levels. 

Variables EQUITY EQUITY 

PHASE 0.651 
(0.038) 

0.611 
(0.020) 

LNDEALSIZE 0.185 
(0.017) 

0.092 
(0.000) 

INTERNATIONAL 0.888 
(0.034) 

0.544 
(0.106) 

DISEASE 0.387 
(0.159) 

0.350 
(0.122) 

IPINDEX -0.905 
(0.005) 

-0.393 
(0.137) 

EFF.JUD.SYSTEM 0.271 
(0.126) 

0.232 
(0.116) 

CONSTANT -4.617 
(0.027) 

-4.378 
(0.003) 

Chi-square 
Significance 

20.533 
0.002 

68.248 
0.000 

 
 

VI. Contributions and Conclusions 

 

VI.A. Summary of findings in relation to a prior research and research 
limitations 

 
Guedj and Scharfstein (2004) compare the likelihood of the early stage 

[biotech] vs. mature [pharmaceutical] companies to move drugs through clinical phases 
and suggest that the small companies have less promising clinical results and are less 
likely to advance to Phase III and receive FDA approval.  They found that among drugs 
in Phase III, only 13.6% has been credited to small biotech, vs. 34.9% to the mature 
firm. 
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I posit that small biotech companies do not have the resources to conduct large-
scale clinical trials. In the pharmaceutical/biotechnology field, the earlier stages’ trials 
expenses are generally reimbursed by a financing partner. After discovering a 
promising drug candidate, a small biotech firm must seek the ‘buyer’ in order to initiate 
a partnership and proceed with the development. Nearly all validated drugs have been 
developed in collaborations. The ownership of the final product (a drug) and control of 
the commercialization process upon validation shifts to the larger pharmaceutical firm.  
The transfer of control, possibly, explains why the Phase III “sponsors”, predominantly, 
are the larger mature companies. At the same time, because the pharmaceutical firm 
externalizes the research to the lean biotech firm to achieve more cost effective results, 
the development and control over earlier stages attributed to a small biotech firm. After 
the validation, and only if a drug target shows promising results, will the mature 
pharmaceutical firm take control over the clinical trials and commercialization and, 
thus, control the final product of the collaboration. The transfer of control by means of 
the license has frequently occurred after Phase IIb, as my results suggest, thus, giving 
support to the prediction that PHASE variable plays critical role in that decision. 

The Kaplan and Stromberg (2003) suggest that a less successful venture will see 
control being transferred from the founder to the VC. My evidence suggests otherwise; 
in drug development partnerships, if a drug is not successful, the pharmaceutical 
partner will seize the financing but is not necessarily interested in controlling the 
technology further, unless specified in a contract. The separation of the cash flow rights 
(licensing) and the ownership of assets (a patent’s title), as hypothesized, has allowed 
the financier to minimize the cash outflow and undertake more projects, to achieve 
better investment diversifications and to mitigate a potential drug failure.  

The study attempts to examine and provide empirical evidence to the current 
trends within pharmaceutical/biotech industries that yet not been explored. To the best 
of my knowledge, the sample is a comprehensive cohort of partnerships for the 
observed period. Yet, the major challenge of the research is the data limitations, i.e. 
missing of incomplete information of the terms of partnerships agreements that might 
have affected the estimations results. Several other problems might influence the 
robustness of the results, such as the dummy variables’ coding could be arbitrary. The 
results might be noisy due to the unobserved variables’ effects. For instance, multiple 
bidders can drive valuations of a partnership higher.  Similarly, the low cash position of 
a biotech firm can weaken its bargaining power and, possibly, make it more agreeable 
to the lesser valuations.  

 
VI. B. Conclusions  

 
The objective of the research is to investigate how and at what stage of a drug 

development process, the ownership and/or control over assets (molecule) are 
allocated within drug development partnerships and how these contracts are designed 
to incorporate contingency provisions, such as a drug failure in clinical trials.  I have 
analyzed 777 drug development partnerships that were formed within the period from 
1999 through 2008. Seventy percent of all drugs in the sample are in early stages, 
pinpointing that a majority of the partnerships are initiated at an early stage of drug 
development.  
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There is evidence that the revenue rights are the asset of interest within a 
partnership, and not the ownership of technology. The phase of development serves as 
the verification of a favorable state, therefore, the license to commercialize a new drug 
will be acquired, as results suggest, only after the validation of a drug target. Examining 
the partnership contracts suggests that contracts have been designed often as a 
contingent contract with an option provision. The option will be exercised and licensing 
fees are paid later in the course of a partnership, conditional on the drug’s success. 
Findings corroborate Ziedonis (2007), who suggests that a licensing option will likely 
purchased for inventions characterized by greater technological and commercial 
uncertainty.  

The fact that majority of the partnerships are international has allowed to test 
monitoring hypothesis. The found evidence helps to explain the equity stake inclusion 
in the contract. As suggested, because of monitoring difficulty, unpredictability of the 
drug development results, and the limited capacity of a financing partner to carry on 
multiple projects, an equity stake is partially replaced the cash disbursement. 

Lastly, the results are interesting even within a broader setting. The governance 
of the partnerships does not rely solely on a contractual type of control: exclusive or 
non-exclusive licensing; nor on assets’ ownership: technology ownership or equity 
stake based control — but, often, on the combination of both.   What type of asset 
ownership and control provides the better governance?  As the data suggests, the 
emphasis was given to the licensing and revenue (commercial) rights, and not to the 
ownership of an asset.  
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Abstract 

 

Pharmaceuticals patents infringements disputes between the brand and generic firms 
provided a framework to study empirically financial contracting (settlements) under 
information asymmetry. 

The determinants of the settlements and, whether the settlements can help to reduce 
the costs of asymmetry of information tested using the logic of debt contracts renegotiations. 
The hypothesis tested that a generic is able to successfully negotiate settlement when it can pose 
a credible threat to invalidate a brand’s patent. The pay-off is determined by Nash bargaining, 
for example, revenues are easier to control when the date of generic launch is negotiated. The 
issue of law and finance also has been examined, that is, whether the law puts effective 
constraints on resource allocation (contractual provisions).   

Financial contracting negotiations approach is justified because in the pharmaceuticals’ 
patent disputes are substantial drugs’ revenues and royalties at stake that often are overlooked. 
Further, the focus of the paper on the “out of court settlements” could be valuable  for the legal 
and public policy scholars because of the benefits that settlements bring to the table, such as 
shorter time to resolve a dispute and lower legal costs.  

 
 
 

 I. Introduction 

 
While the quality of law and its enforcement are important determinants of how 

well investors are protected (though a patent is not a perfect protection against generic 
entry; it merely grants a right to sue infringers), I studied out-of court settlements of 
pharmaceuticals’ patents disputes.  At the core is the theory of financial contracting 
under asymmetric information (“hidden information”). Though, private contracting 
(the settlement) cannot (fully) compensate for inefficient legal systems, until the 
settlements of patents disputes will be banned, it will be a ”legitimate” strategic option. 
In this essay I examine the determinants of settlements of patents disputes and 
investigate if settlements can help alleviate the asymmetry of information costs’ 
problem.  

Akerlof (1970) analyzed quality uncertainty and market mechanism; in his view, 
the source of asymmetric information: only the seller knows the quality of the good 
(market for “lemons”). Though the patent information is public, the patent claim’s 
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“quality” is difficult to assert for counterparts (and for an econometrician). Yet, the 
outcome (court decision): either validation or invalidation of a patent, at the end, is 
observable. I view the uncertainty about the court decision as a source of informational 
asymmetry (“hidden information”).  Earlier, Meurer (1989) suggested that asymmetry 
of information could arise from potential weaknesses of a brand’s patents claims. 
Bulow (2003) argued that the source of asymmetry is whether a brand manufacturer 
has a second-generation drug in a pipeline that reduces the value of a generic drug, or, 
conversely, new entrants (generics) have better information on having viable products 
to sell, and are able to pose a credible threat. Some market participants have more 
information than others; however, in patent disputes, until a court makes the 
determination, it is uncertain who is better informed. Financial contracting 
(settlement) under asymmetric information renders the theoretical backdrop for this 
essay. 

In this paper, economic theories of negotiations and credible threat, assets 
values, as well as the effect of an exogenous shock are employed to determine what 
motivates the decision to settle a patent dispute. The majority of the scholarly works 
have studied the links between patents characteristics and patents infringements 
disputes; on the contrary, my focus is on the settlements of the disputes. The 
motivation for this paper was the fact that empirical economic literature on the 
settlements of patents disputes is scarce, and this paper intends to fill that gap.  

Objective is to study the settlements of pharmaceuticals’ patents litigations and 
examine the effects of a generics’ credible threat, as well as, brands’ patents 
characteristics on the outcome of the settlements’ negotiations. I analyzed the 
determinants of settlements, and whether settlements can help alleviate the costs of the 
informational asymmetry problem.  

The pharmaceutical firm (further, a brand) faces two types of competition: from 
the other brand (“between patents”), and from the generic firm (“within patent”) 
(Lichtenberg and Phillipson, 2002). In this research, the focus is on the “within patent” 
competition, and specifically on the patent infringements disputes. The brands are 
research-based firms that engaged in innovation, development and manufacturing of 
new drugs, while generic firms develop less-expensive versions of original brand-name 
drugs or new formulations of existing products.  The generic drugs’ manufacturers have 
built their business model around the pursuit of Paragraph IV challenges; these claims 
are based on the certification that a corresponding brand’s patent is not valid, not been 
infringed. According to Greene and Steadman (2010) they have succeeded in Paragraph 
IV challenges 76% of the time. Generic are motivated by the 180-day market exclusivity 
that is allowed to the “first-to-file” status holder (further FTF).    

The driving force in the surging of the pharmaceuticals patents disputes is 
provisions of Hatch-Waxman Act that, essentially, has created the generics drugs 
industry.  Paragraph IV (certification of non-infringement), an Abbreviated New Drug 
Application (further, ANDA) filing, as well as, the FTF status (First-to-file an ANDA) 
that gives a generic firm 180 day of market exclusivity, all are provisions of the Hatch-
Waxman Act, and, as hypothesized, are the determinants of the settlements.  

The asymmetric information and strategic behavior are pervasive in corporate 
finance problems. The critical question is, can the cost of asymmetric information be 
reduced? I view the potential revenue loss that could occur if a patent is found invalid 
in court, as the cost of information asymmetry. I examined whether settlements can 
alleviate the “hidden information” problem. To test hypotheses, first, I have examined 
what motivates counterparts to settle the litigation. The general framework follows 
Benmelech and Bergman (2008) who modeled credible threat in debt renegotiation. 
Lastly, the exogenous shock effect on the likelihood of the settlements is examined.  

Earlier, other researchers have measured an impact of the exogenous event, for 
example Liberti (2004) has measured the organizational structure change on the firm’s 
performance, or Matsa (2010) have measured the labor law change on the firm’s 
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financial decisions. I have tested the exogenous shock effect on the likelihood of 
settlements. 

There is evidence that a generic firm’s credible threat and a brand’s patents 
characteristics are the factors that contribute to the decision to settle. The evidence also 
found to support the hypothesis that settlements can help to alleviate the informational 
asymmetry costs; in particular, the settlements benefit both counterparts and also saves 
litigation costs.  Indeed, with settlements, the decrease in revenues is easier for a brand 
drug manufacturer to control; for instance, the parties can negotiate the date of a 
generic’s launch and, possibly, royalties. The findings also suggest that though the 
private contracting (settlement) cannot fully compensate for a inefficient legal system, 
i.e., IP rights law cannot prevent the patents infringements; the law enforcement is 
affecting the likelihood of the settlements.   

This analysis extends the previous research on patents’ infringements disputes. 
Lanjouw and Lerner (1997) argued that the purpose of patent protection is to restrict 
output in order to generate monopolistic profits, and to reward inventors. They found 
evidence that if a pharmaceutical firm’s profits are much larger (the asset’s value 
theory) than those resulting in “authorized generic” settlement agreements (licenses), 
and there are many years of patent protection left, the patent holder may opt to litigate 
in order to maintain output restrictions.  Meurer (1989) suggests that the firm’s profits 
will vary depending on the outcome of litigation: either a settlement or a solution 
imposed by court. This paper is different because earlier papers’ focus was on the 
determinants of the patents infringements’ disputes. In contrast, this research’s focus is 
on the determinants of the settlements of legal disputes and its consequences. To my 
knowledge, there is no empirical research done on the settlements of patent disputes. 
This essay documents empirical evidence on determinants of the settlements and if 
settlements can reduce the cost of asymmetry of information. The source of 
informational asymmetry is the uncertainty about the quality (validity) of a patent 
claim: either it will hold, or a patent will be found invalid in court. 

 This essay contributes additional empirical evidence to the theory of financial 
contracting under informational asymmetry (Bolton and Devatripont, 2005). Because 
the stakes of the parties are not symmetric, it gives generic’s firms additional 
bargaining power in negotiations (Bulow (2003), Hovencamp, Janis, Lemley (2003)).  

I have also provided empirical evidence to support the Riley (2001) signaling 
theory, that the ability to introduce a viable product to sell by a generic firm (a credible 
threat) has impacted the decision to settle. This work also corroborates the game theory 
approach of Crampers and Langinier (2002); and Bulow (2003) and theoretical 
prediction that pay-off determined by Nash bargaining when applied to the settlements 
of patents disputes.  

Further, this paper adds empirical evidence to the intersection of the Law and 
Finance literature.  That law puts effective constrains on resource allocation, for 
example, a court can disallow the settlement.  The finding suggests that quality of law 
and its enforcement are important determinants of settlements. This essay gives 
empirical support to the predominantly theoretical scholarly works in area of patents 
and antitrust laws, such as, Bulow (2003), Hovencamp at all (2003), Ponsoldt and 
Ehrenclou (2006). Arguably, the effects of the laws and regulations are sometimes 
contradictory: IP rights law designed to protect intellectual property rights of a patent 
holder, but the industry-specific regulations are created to facilitate the generics drugs 
approval and launch.  

Because the settlements of pharmaceuticals’ patents litigations are the product 
of negotiations, I thought that the study of the settlements from the Game theory and 
strategic bargaining lenses will offer the different perspective from that usually used in 
legal and public policy debates. Financial contracting negotiations approach is justified 
because in the pharmaceuticals’ patent disputes are substantial drugs’ revenues and 
royalties at stake that often are overlooked. Further, the focus of the paper on the “out 
of court settlements” could be valuable  for the legal and public policy scholars because 
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of the benefits that settlements bring to the table, such as shorter time to resolve a 
dispute and lower legal costs.  

Further, the paper is organized as follows: Part II presents a brief review of 
literature, the legal and regulatory backdrop for the industry patent disputes’ 
resolutions (section A), and the settlement as the Nash bargaining is discussed (section 
B). The part III reveals the theoretical background and hypotheses. In part IV has 
shown the empirical design: the data, estimation methodology and variables 
descriptions. Part V, discusses the empirical results. Section VI concludes.  

  
II.A Regulatory Environment and the Surge in Patents’ 
Infringements Disputes 

 

The ability of generic to file ANDA (abbreviated application), rather than NDA, 
has reduced the time and cost of obtaining FDA approval considerably. For example, 
the generic filer of abbreviated new drug application (ANDA) does not required to 
conduct clinical trials, but can use the clinical data generated by a brand drug 
developer. Generic can claim that patent is invalid, non-infringed, on the base of 
“obviousness”, or “prior art”, for instance. 

 Thus, the expedited approval process has increased the number of firms 
producing generic versions of previously-patented drugs (Reiffen and Ward, 2002). 
There is a strong economic incentive for generic firms to file an ANDA and the  
Paragraph IV certifications early, even against drugs with several years of apparently 
solid patent protection remaining, in order to secure “first to file” status of an 
application . That is, the rules for approvals of generics play a critical role in asserting 
bargaining power. For instance, the “first-to-file” (further, FTF) status implies that no 
other generics are allowed to market its products during 180 days of exclusivity. This is 
the time when the generic company makes most of its profits (Bulow, 2003). Other 
generics have to invalidate a patent themselves in order to obtain the exclusivity status 
(Bulow, 2003; Ponsoldt and Enrenclou, 2006). Between 1998 and 2001 the FDA 
granted to more than 31 generic drugs 180 days of market exclusivity based on 
successful patent challenges (FTC, 2002). Moreover, the number of targets (patents) 
has multiplied, as innovator companies regularly file multiple successive patents for 
each drug. This practice is known as “ever-greening”; it facilitates maintaining 
monopoly rights beyond the time frame of protection for the original chemical entity 
(von Brown and Pugatch, 2005).  

While the Hatch-Waxman Act encourages the pharmaceutical patent 
challenges, the economics of the generic industry encourage settlements of those 
challenges (Ponsoldt and Enrenclou, 2006). The possibility of the settlements only 
increases the value of the patents challenges for generics, because, for a generic drug 
manufacturer, the settlement income, the reverse payments (also known as “pay-for-
delay”), and the certain date of launch often outweigh the risky earnings, even if a 
patent challenge will prevail (Ponsoldt and Enrenclou, 2006). Ponsoldt and 
Echrenclou, (p.60, 2006) pointed out that the generic is not at risk of paying the larger 
damages:  “The result of the generic manufacturer losing the case is merely a loss of 
administrative costs of filing the ANDA and the costs of litigating the case”.  

When the existing patents are infringed upon, patents’ holders face a dilemma 
either to defend a patent in court or to settle. This decision is critical, since the outcome 
of litigations has a profound effect on brands’ future revenues. While negotiating a 
settlement a pharmaceutical is able to better control the future revenues; yet if a patent 
is invalidated in court, multiple generics will enter the market. For a patent-holder the 
costs of settlements are far less than the risk of losing a patent challenge. As a general 
rule, with the oral solid dose generics often have been seen 85% generic substitution 
following a generic launch (Berndt at all (2007). 
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Furthermore, a court might decide to allow a generic company to launch its 
product before the patent of a brand drug has expired in order to make a drug more 
affordable for a large population. If a patent holder settles with a generic manufacturer 
to avoid the potential invalidation of a patent in court before a patent expiration date, it 
might negotiate revenue stream in the form of royalties from a generic company. 
Therefore, a settlement that allows earlier launch in exchange for a royalty stream from 
a drug might work well for both counterparts (Bulow, 2003; Ponsoldt and Enrenclou, 
2006). 

 
Another negotiating tool and a leverage against multiple challengers is a 

licensing agreement with one partner to launch “an authorized generic” drug. Brand 
innovators use “authorized” generics strategies to help persuade a settlement since the 
benefit of launch for a generic firm is now becoming less attractive, as well as it 
preserves a manufacturing volume for a brand (von Brown and Pugatch, 2005; Cowen, 
2009).  

 
II B.  The Settlement Pay-off determined by Nash bargaining  

 
Upon invalidation of a brand’s patent, at least one or, sometimes, multiple 

generics launch their products within a couple of months. Berndt, Mortimer, 
Bhattacharjya, Parece and Tuttle (2007) found evidence that generics capture about 
70% of unit sales within two month and about 85 % within sixteen months after launch. 
To avoid losing patent protection in court and the sequential revenue loss, the brands 
often opt to settle litigation. Crampers and Langinier, (2002) and Bulow, (2003) have 
examined the patents infringements litigations through lenses of Nash bargaining.  The 
patent is not a perfect protection against generic entry; it merely grants a right to sue 
infringers. Furthermore, the efficiency of litigation depends on the efforts of the patent 
owner in trial and settlements procedures (Crampers and Langinier, 2002). 

Since the brand name manufacturer cannot prevent the generic manufacturer 
from entering the market after the ANDA approval without going to court, it has to file 
a legal complaint. A brand drug’s patent holder has forty-five days to file a suit. The 
filing of the complaint triggers the 30 month stay on the generic’s ANDA approval by 
the FDA, during which time a generic challenger cannot do anything. The case 
discovery process takes from nine months to one year before the trial begins. During 
this time, the bargaining game evolves. The settlements usually occur near the trial date 
(Bulow, 2003; Hovenkamp et al. 2003; Ponsoldt and Ehrenclou, 2006). The bargaining 
game outcome determined by Nash equilibrium as in Rubinstein (1982). 

Two types of responses from a brand are possible; each one depends upon a 
brand’s private information on the validity of his patent (Meurer, 1989, 2003). When a 
brand is confident about its patent’s strength and intends to defend a patent, a case 
might go to trial. If an innovator (brand) is aware of a patent’s weaknesses, it would 
rather settle in order to minimize the expected loss. Though the patent information is 
public, if patent has been challenged by a generic firm, only court can make a 
determination whether the patent is valid and infringed, or non-valid, not infringed. 
The source of information asymmetry is the uncertainty whether the patent will be 
upheld in court or not. If, during the waiting and discovery period, the generic’s ANDA 
has received tentative approval, the bargaining position of a generic challenger is 
reinforced. Moreover, as a patent exclusivity nears its expiration, or if a patent has 
already expired, a patent holder has to decide whether to proceed with the litigation or 
to allow a new entrant (Bulow, 2003; Hovenkamp et al. 2003; Ponsoldt and Ehrenclou, 
2006). To prevent the generic’s entry by fighting in court is a very expensive and risky 
strategy, one only chosen if the patent holder is confident in the strength of its own 
patent claims and the patent is far from expiration (Bulow, 2003; Hovenkamp et al. 
2003; Ponsoldt and Ehrenclou, 2006). In perfect market competition, a manufacturer 
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will be indifferent between producing a drug itself and licensing it out to somebody 
else; and a license fee and royalties will be the monopoly mark up. Thus, the viable 
solution is allowance of an earlier generic entry, with a generic company admitting that 
the challenged patents are valid and enforceable. An infringer signs the licensing 
agreement (authorized generic) that allows it to manufacture copies of the drug, usually 
a couple of years prior to the expiration of the patent. If a court has found a patent to be 
valid and infringed, the patent holder would not have any incentive to pay a generic to 
stay out of the market.  However, if there is any chance that a patent could be 
invalidated and revoked, the best strategy for a patent holder is to settle and collect 
royalties (Bulow, 2003; Hovenkamp et al. 2003; Ponsoldt and Ehrenclou, 2006). The 
profit of the patent holder (and infringer) increases with his negotiating power 
(Crampers and Langinier, 2002). Following Bulow’s (2003) assumption that under the 
Nash bargaining solution the settlement is such that, the entrant (generic), who has 
much less at stake, will be able to credibly insist on a better deal. 

 
 

III. Theory and Hypotheses 

 
Objective is to study the settlements of pharmaceuticals’ patents litigations and 

examine the effects of a generics’ credible threat, as well as, brands’ patents 
characteristics on the outcome of the settlements’ negotiations. I analyzed the 
determinants of settlements, and whether settlements can help alleviate the costs of the 
informational asymmetry problem.  

 
III. A. Financial Contracting under Asymmetric Information (hidden 

information”) renders backdrop for this essay.  In Akerlof (1970), quality uncertainty is 
the source of informational asymmetry, i.e. only seller knows the quality of good. In 
economics contracting under asymmetric information is mostly interested in situations 
where the uninformed party offers a contract (a menu of alternatives) from which 
informed party picks up the most preferred one.  Of course, the seller designs such a 
menu of contracts in order to maximize its own payoff (Bolton and Dewatripont, 2005). 
I have examined the case where the source of information asymmetry is the uncertainty 
about the validity of a patent. The generic is posing the credible threat that it has 
information to invalidate the patent. The patent validity -“quality”- is the source of 
information asymmetry and unobservable for econometrician; yet, the outcome, i.e. 
patent invalidation in court is observable.  Previously, Meurer (1989, 2003) has 
observed asymmetry between players, such as the patent holder has better information 
concerning his patent as well as its weaknesses and strengths. Earlier, Hay (1995) 
predicted that asymmetric information can help to better explain why legal disputes go 
to trial instead of settling.  Conversely, the generic also is in possession of “hidden 
information”. Bulow (2003) suggests two kinds of asymmetries: (1) the entrant 
(generic) has better information then the brand about whether it has a viable product to 
sell, and (2) the brand has better information than the entrant about whether it has a 
substitute product in the pipeline that will reduce the value of generic entry.    

My goal is to document empirically under what conditions generics are able to 
negotiate settlements by posing a credible threat.  While contract negotiations literature 
focuses primarily on debt contracts, I have applied the debt contracts renegotiations 
theory to understand what factors have enable generics to “extract concessions” in 
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settlement negotiations. The debt financial theories of bargaining under asymmetric 
information and contracts re-negotiations (Myers, Majluf (1984), Hart and More (1994; 
1998), Bolton and Scharfstein (1996)), predict that firms are able to renegotiate their 
debt obligations if their payment perspectives are poor and they are able to credibly 
convey that information. Using the same logic, I am hypothesizing that a generic firm is 
able to negotiate an early launch, by posing a credible threat that it has a viable product 
to sell, and a brand’s patent is invalid. 

Even though a brand is prepared to vigorously defend its patent, yet, it is unable 
to predict whether the patent will hold in court or not.  The settlement pay-off can be 
determined by Nash bargaining. Following the logic of Bolton and Scharfstein (1996) I 
posit that bargaining can yield the efficient outcome for both counterparts. Intuitively, 
bargaining can help reduce the cost of asymmetry, i.e. settlement is less costly.  

 
III. B.1 Certification and Contract Negotiation: Generics’ Credible Threat 

 

While, only a court can decide the validity of a patent, generics use the credible 
threat to signal the intent to enter the market prior to a brand’s patent expiration date. 
For that, a generic is obligated to certify (so called Paragraph IV Certification) that it is 
not infringed a brand’s patent(s), that the patent is invalid. Thus, I have examined first, 
what are conditions that allowed generics to negotiate the settlements. I posit that a 
generic firm is able to reach a settlement and negotiate an early entry date, or obtain an 
“authorized” generic drug license, when it poses a credible threat. I define the threat as 
credible when generic has filed an ANDA, and is FTF status holder, along with 
Paragraph IV Certification; or, even better, an ANDA is already tentatively approved. 
The brand name manufacturer, as hypothesized, will settle and agree to allow an earlier 
generic launch only if it fears that a patent is at risk of being found invalid. In other 
words, the generic’s threat is credible.  Alternatively, as a part of a settlement, a brand 
might permit an alleged infringer to manufacture its drug under the “authorized” 
generic license and collect royalties. Following the logic of debt contracting theory 
(Hart and Moore, 1994, 1998) that the liquidation value determines the allocation of 
bargaining power between creditor and debtor, I have also tested the prediction that 
the asset value (revenue generated by this patent) plays the critical role in the patents 
disputes settlements. 

 
H 1 The first testable prediction is that a settlement outcome is more likely when a 

generic threat is credible; that is a generic has filed the Paragraph IV 
Certification of non-infringement along with an ANDA, and is the FTF status 
holder.  

 
III.B.2. Can settlement contract reduce the costs of asymmetric 
information?  

 

Asymmetric information – “hidden information”- is the validity of a patent that 
is disputed and will be determined by court. If a patent will found invalid, a brand’s 
revenues will be obliterated. Therefore, I view the potential loss of revenue, upon 
invalidation of a patent (because of immediate substitute of a brand drug by a generic) 
as a proxy for the costs of information asymmetry.The patent’s characteristics, its 
strength or weakness controls for a source of informational asymmetry (“hidden 
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information”); whether a patent will be upheld in court or will be invalidated is not 
observable prior to a court decision. The settlement, potentially, will benefit both 
parties, since there is always the risk of losing the litigation for both counterparts, as 
well as of incurring substantial legal costs. Because, if the parties are not able to reach a 
settlement agreement; the court will impose a solution and decide if a patent was, 
indeed, infringed or not valid. In corporate finance theory, bargaining can yield an 
efficient outcome determined by Nash pay-off. Though the private contracting 
(settlement) cannot (fully) compensate for a weak legal system, can the settlement 
reduce the costs of asymmetry of information? Thus, in this section, I have tested the 
hypothesis if a settlement helps to reduce the cost of asymmetry of information. 

Under the settlement outcome, the magnitude of decline of brand’s revenues is 
hypothesized to be substantially less than in the event of the invalidation of a patent 
(see Berndt at all, (2007).  Lanjouw and Lerner, (1997) suggest that litigation always 
involves attempts on the part of an infringing firm to have a patent sharply narrowed or 
revoked entirely. If a patent is revoked, the free market competition without restriction 
on the output or market territories will put pressure on the sales of a brand drug: 
multiple generics will launch their substitutes immediately and the revenues of the 
brand drug manufacturer will be obliterated. On a contrary, as the result of the 
settlement, a brand would preserve its monopoly (Ponsoldt and Ehrenclou, 2006). 

The dependent is the quantities of prescriptions sold that serves as a proxy for 
(expected) revenues of a brand. The use of the QUANTITY as the dependent is justified, 
because if patent will be upheld in court the revenues will remain unchanged; 
conversely, if patent is invalidated- all the revenues will be lost.  The settlement is 
expected to have some negative effect on the revenue due to possible earlier generic 
entry, as result of a settlement. To test the hypothesis, I regressed the QUANTITY of 
prescriptions on the settlement dummy along with brand’s patents characteristics and 
legal costs.   

 
H2  Second hypothesis posits that as the result of bargaining, the settlement 

outcome is less costly for a brand if compared to the risk of losing the patent 
protection in court, when all revenues will be lost; thus-the cost reduction. 

 
III.B.3. Law and Finance: exogenous shock analysis 

 
The quality of the law and its enforcement are an important determinant of how 

well investors are protected from expropriation. Earlier, empirical law and finance 
studies document that legal rules matter (La Porta et al., 1997, 1998, 2002), i.e. private 
parties cannot opt out, rules are mandatory. Law puts effective constrains on resource 
allocation. Many times settlements have been challenged in court by Federal Trade 
Commission as anticompetitive. Whether settlements are anti-competitive is the 
subject of active discussion in current law academic literature.  Ponsoldt and Ehrenclou 
(2006) have raised the question of whether current patent laws and rules that  regulate 
generic launches have struck a balance in providing an adequate intellectual property 
rights protection for the brand manufacturers, and thus,  giving incentives for 
innovation; and, at the same time, facilitating a generic entry and protecting consumers 
from monopolies. Bulow (2003) points out that public policy are to encourage 
settlements of legal disputes.  Because the court decisions have a major impact on the 
outcomes of subsequent cases, in the last test I have examined the exogenous shock 
effect of the likelihood of the settlements.  The effect of the changes in law or public 
policy or an organizational structure has been examined as an exogenous shock earlier: 
Gruber, Levine and Staiger (1999); Bertrand and Mullainathan (2003); Liberti (2004); 
(Rauh, 2004).  Quality of law and its enforcement put effective constraints on resource 
allocation, i.e. contract provisions. The 11th Circuit Court of Appeals’ ruling on February 
2005 states that the Federal Trade Commission position is incorrect, and the 
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settlement between Schering-Plough and Upsher-Smith was, ultimately, pro-
competitive. The Supreme Court this year decided not to resolve the issue and as such 
there is not nationwide rule. This event has been viewed in the legal studies literature 
as potential pathway for patent infringements settlements Anti-trust litigations, often 
initiated by the FTC, have presumed to act as a deterrent for alleged anti-competitive 
settlements (Ponsoldt and Ehrenclou, 2006). 

In this analysis, the precedent (pathway) has been examined as the exogenous 
shock that could possibly affect future patents disputes’ settlements. 

 
H3  The legal precedent -exogenous shock- as hypothesized, could have important 

consequences on the outcome of future patents disputes; the likelihood of 
settlements is predicted to rise after the 2005 as result of the February 2005 
Court ruling that, as argued, has established legal pathway for the future 
patents disputes’ resolutions. 

  
IV. Empirical Design  

  
IV.A. Data Sources and Sample 

 
The data set contains 404 cross-sectional observations of patent infringements 

disputes that has been manually collected mainly from the Lexis-Nexis Academic 
Database. Though, until 2005, the federal courts were not obliged to electronically 
submit opinions to databases such as Lexus. So, prior to 2005 Lexus does not 
necessarily have a record of every patent case. However, the Lexus data was cross-
referenced with companies press releases on their web-sites, as well as the other 
pharmaceutical’ industry publications. Furthermore, because the patents disputes 
usually  going on for several years, the author has reason to believe that the sample 
collected is a comprehensive cohort of pharmaceuticals’ patent infringement litigations 
cases filled between years 1999 through 2009 and traced to their outcomes. The 
search’s key words are as follows: Pharmaceuticals, Patents Infringements, Litigations, 
Settlements, Generic Companies, and Patent Law. The following data was collected on 
the infringed patents: the patent holder’s name; the generic challengers’ names; the 
patent numbers, type, and expiration date; the disease category; when the claim was 
filed; Paragraph IV certification; the ANDA filing, approval, or tentative approval 
notification; FTF status; the settlement outcome or court decision; annual sales of the 
drugs in the US; and the terms of settlements (if disclosed). Sales data collected  from 
various sources, such as firms press releases on their web sites, 10K, 10Q reports, 
Pharmaceutical Industry Pulse 2008, 2009; Specialty Pharma Pulse 2008; 
Pharmaceuticals: Generic Industry Overview and Patent Case Reviews 2008, 2009; 
Biotechnology Quarterly 2008, 2009; First call; IMS data when available. Due to data 
limitations, only cross-sectional analysis in performed, but not time series. 

The drug prices information was collected from the MEDSCAPE website and 
represents Average Wholesaler Price (AWP). The quantities of drug sold are computed 
by dividing the sales by drugs corresponding price. 

Because the distributions of the SALES and QUANTITY variables are right 
skewed, I have used in regressions natural logarithms of sales and quantities: LNSALES 
and LNQUANTITY; and these results were given more weight. Though, for robustness 
purposes, the estimations using the actual values are also reported.  
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IV.B. Equations and Variables Description 

IV.B.1. The general framework to analyze financial contracting under 
information asymmetry is described in Benmelech and Bergman (2008). Uncertainty 
over a patent’s validity   (“hidden information”) is the source of informational 
asymmetry. First, I have examined conditions that allow generics to negotiate 
settlements.  Estimated are cross-sectional Logit regressions. 

The dependent in the first specification is SETTLEMENT dummy (See Table 1 
below for the variables descriptions). I posit that generic firms are able to negotiate 
settlement if they posed a credible threat to invalidate a patent. If the positive 
correlation of dependent with variables that proxy for the credible generic threat, such 
as ANDA, FTF status, Paragraph IV certification is observed, it will validate the 
hypothesis.  

Reiffen and Ward (2002) observed the effects of multiple generics on 
competition, and therefore I test for the number of potential generic entrants. The 
NUMBER of GENERIC entrants expected to negatively correlate with the settlement 
decision. The logic behind the prediction is, because if a brand prevails in court in the 
patent dispute, the rest of the challengers, as a rule, conform to the decision (often, 
multiple generics infringed the same drug’s cases are combined in court).  

The asset’s value plays a critical role in debt contracts negotiations, and in this 
analysis, all infringed drugs are high revenue generators.  Earlier, Lanjouw and Lerner 
(1997) have pointed out the substantial degree of stake asymmetry; and, Bulow (2003) 
stated that a brand has considerably more money at stake than a generic firm. Since a 
key asset is a patent, thus, as a proxy for the patent (asset) value I have used the 
corresponding drug’s annual sales. To test the effect of an asset’s value on the 
settlement, I have included the sales revenues generated by the brand drug as an 
independent variable in the first specification.   

Lerner (1994) suggested that a patent that is broad in scope is more likely to 
create a situation in which the plaintiff has a greater stake than the defendant in the 
outcome of the trial, and that the broad patents are more valuable and will go to trial 
more often. I control for the broadness of a claim by including the variable that 
measures the number of patents in the infringement claim. Following Lanjouw and 
Lerner (1997), I control for brands’ patent characteristics, i.e. the type of a patent and 
years of protection left, as well as legal costs.  

 
SETTLEMENT=β0+ β1LNSALES + β2FTF STATUS+ β3ANDA APPROVED+  
β4GENERICS’NUMBR +β5 PATENT TYPE+ β6 NUMBERPATENT + β7LEFT YERS + β8 

LEGAL COSTS + β9 PARIV.CERTIFICAT + u. (1) 
 
Independent Variables’ Construction 
SALES.  As a proxy for asset (patent) value, I have used the annual sales of the 

brand name drug while still on patent.  Because pharmaceuticals customarily report 
aggregate sales and not break down sales figures by drugs indications; the data set 
limitations do not allow analyzing time series, only cross-sectional study. 

Variables that characterize generic firms’ credible treat 
FIRST to FILE status. This variable is important because settlement with an 

FTF status holder potentially could allow the brand drug manufacturer to prevent the 
rest of the generics from reaching the market until the patent exclusivity has expired. 
Several generic companies might share FTF status, thus affecting bargaining power in 
negotiations.  

ANDA APPROVED.  If the ANDA (Abbreviated New Drug Application) is 
already approved, or tentatively approved, meaning that it will receive the final 
approval once the original patent is expire, it gives to a generic the leverage in 
negotiations.  
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GENERICS NUMBER variable controls for the number of generic challengers 
for each drug. Presumably, it could affect the decision to either settle or go to court. 

PARAGRAPH IV CERTIFICATION. The mandatory requirement by the 
provision of the Hatch-Waxman Act; essentially each generic firm has it on file. 

 
IV.B.2. Can a settlement reduce the costs of asymmetry of information? The 

revenue lost by a brand after the launch of a generic substitute is not equal to the 
revenue of a generic drug because of the difference in prices. Stakes asymmetry arises 
because a generic enters with a price that is substantially lower. Moreover, a generic 
firm only makes profits during 180 days FTF’ market exclusivity. Thus, to measure the 
magnitude of the simultaneous effect of brand’s revenue loss and generics’ gain (earlier 
generic launch) in second test, instead of drugs’ revenues, I have used the quantities of 
prescriptions filled, similar to Rizzo and Zeckhauser (2005). The change in quantities 
of prescriptions filled, as the result of the settlement, serves as a proxy for the amount 
of revenues a brand is willing to forgo in order to settle the patent dispute. 
Furthermore, in terms of market share, or prescriptions volume, the gain of generic 
market share is approximately equal to the share that is lost by the patent holder.  
Therefore, the dependent variable in the second specification is QUANTITY. To 
compute this dependent variable, the drugs’ annual sales figures were divided by the 
corresponding drug prices that are ASP prices.  

The key independent variable in this specification is the SETTLEMENT dummy. 
Since any settlements payments from a brand to a generic can potentially trigger 
litigation with FTCs, in recent years became a rule that instead of payments, to allow an 
earlier generic launch.  A key part of the settlement negotiations is the certain date of 
the generic launch, often six months to one year before the brand patent’s expiration 
date (Bulow, 2003). Alternatively, a brand may issue a license that allows the 
manufacturing of “authorized” generics after patent expiration.  If an earlier generic 
entry is allowed, it will create a short-lived duopoly and limit brand’s quantities sold 
(Ponsoldt and Echrenclou, 2006; Bulow, 2003). 

As hypothesized, the settlement reduces the cost of asymmetry of information 
but does not eliminate it completely.  The quantities of prescriptions sold by a brand 
will be lower, or, royalties will be paid, as in case of the “authorized generics”; thus, the 
negative coefficient is expected. 

Bulow (2003) predicted that litigation costs benefit the brand in settlement 
negotiations, as long as the cost of presenting a case is not more than three times as 
high as the generic’s legal costs. The legal costs dummy is included because “the 
patentee might offer a settlement in order to avoid high litigation costs” (Ponsoldt and 
Ehrenclou, 2006). The larger the legal costs grow, the stronger will be brand’s position, 
because, unlike generic, the brand has deep pockets. The higher the revenues, i.e. 
prescriptions sold; the more vigorously a brand will defend its patents. The trial, with 
appeals, might cost several millions, while the average revenue from a brand-name 
drug in the sample is $1.0 billion annually. For instance, in my sample 91% of infringed 
drugs generate sales of at least $100 million.  The coefficient of the LEGAL COSTS 
variable is expected to positively correlate with the dependent variable. 

Brands patents characteristics are the proxy for the “quality” of a patent, and, 
therefore, are key variables. Lerner (1994) observed that the more valuable a drug is, 
the more patents there will be generated to protect the invention, to extend the 
exclusivity period, and broaden the patents portfolio. The NUMBER of PATENTS in the 
invalidation claim, and/or PATENT TYPE could potentially strengthen/weaken the 
brand’s position. Thus, patent characteristics variables’ coefficients are predicted to 
positively correlate with the dependent.  I control for the generic firms’ credible treat 
variables.  
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LNQUANTITY=α0+ α1SETTLEMENT+ α2 LEGAL COSTS + α3 NUMBER 
PATENTS + α4LEFT YEARS + α5 PATENT TYPE+ α6ANDA APPROVD + 
α7GENRICS’NUMBER + α8FTF STATUS + α9PAR.IV.CERTIFIC +e. (2) 

 
Construction of independent variables that characterize brand drugs’ patents 
The LEGAL COSTS dummy. In pharmaceutical patent litigations, legal costs 

seem small when compared to the damages to revenues that may occur if a patent is 
invalidated in court.  

 
For instance, if the damages are less than $25 million, litigation costs will be 
$600,000-$2 million for cases settled before going to trial, and $1.2 million-$3.5 
million if cases go through trial and the appeal process. For cases involving more than 
$25 million, pre-trial litigation costs are 1.4 million-4 million, and will increase to $2.5 
million -$6 million if the case goes through trial and the appeal process. Jury trial 
costs $10-20 million. (American Intellectual Property Law Association (AIPLA), 
2008).  Litigation costs are determined by the magnitude of the damages sought; yet, 
the data concerning litigation costs and or damages sought are not publicly available.  
 

Because the damages in pharmaceutical litigations are estimated over $25 million 
(AIPLA, 2008), the magnitude of the litigation costs is estimated to exceed $6 million 
threshold.   

NUMBER OF PATENTS in the infringement claim. Firms are filing multiple 
patents’ to extend IP rights protection as long as possible. Along with the key patent 
(composition of matter), there are usually multiple patents (method of use, 
formulation, manufacturing, etc.) to broaden the claim. The more valuable a drug is 
(determined by a disease category and a population’s size), the more patents will be 
generated to protect the invention by extending the exclusivity period and broadening 
the claims (Lerner, 1994; Cremers, 2005).  If a patent(s) already expired, this variable 
takes value of zero. 

PATENT TYPE dummy.  The composition of matter type of patent is less 
assailable. The generics have few tactics to claim non-infringement, such as 
“obviousness”, “prior art”, or “inequitable conduct”.  Because it is very difficult to claim 
invalidity of the composition of matter patents, they are less likely to be infringed.  
Patents that are challenged often are method of use, formulation, or manufacturing 
types. If infringement litigation includes a composition of matter patent, the dummy is 
designated as 1 and as 0 otherwise.   

LEFT PATENT YEARS (of protection).  This variable indicates how many years 
of the latest filed patent’s protection are remaining. This variable is important, because 
the revenues are highest at the end of the life cycle of a drug, when a patent is nearing 
its expiration date, thus it might affect the decision to settle. 

 
Instrumental Variable’s discussion 
Because the SETTLEMENT variable appears in 2nd specification as an 

explanatory variable, I am concern that equations are structural. Thus, for the 
robustness purpose, the 2nd equation also estimated with the 2SLS regression, where 
the Settlement dummy was replaced with the instrument. The variable DECISION2005 
is exogenous and does not appear in equations (1) or (2) as an estimator thus could be 
used as an instrument. The DECISION 2005 is a time dummy and, therefore, is not 
expected to correlate with other variables such as, brands patent characteristics, or the 
generic firms’ characteristics. The other available variables cannot be used as 
instruments because, either, appearing in equation (2) in its own right (LEGAL 
COSTS), or have weak correlation (IPINDEX) with the variable that needed to be 
instrumented. 

The law or its enforcement has been used as instruments before; see for 
example, Gruber, Levin, Staiger (1999), Bertrand and Mullainathan (2003); or 
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Bertrand, Duflo and Mullainathan (2004) who used the state law changes to deal with 
the endogeneity. The changes in laws or regulations avoided endogeneity problem 
because they are passed by governments and are not endogenously driven by a patent 
or a firm specific conditions. The motivation for the instrument is that settlements are 
expected to increase after 2005.  However, to be a good instrument, the 
DECISION2005 must also be uncorrelated with the QUANTITIES/ LNQUANTITIES. I 
found it very unlikely that the court decision in 2005 has been affected by the 
prescriptions quantities sold. The Decision 2005 is the time dummy variable, and it is 
expected to be exogenous event which will affect the likelihood of the settlements but 
does not have a plausible direct effect on the prescriptions volumes. The Hausman test 
has been performed to test the quality of the proposed instrument Decision 2005; the 
reduced form equation (3) is estimated first, and fitted values are saved.  

 
SETTLEMENT = β0+ β1 DECISION2005+ β2 IPINDEX+ β3PATENT TYPE+ 

β4FTF STATUS+β5ANDA + β6GENERICS”NUMBER+ β7 LEFT YEARS + β8 NUMBER 
PATENTS+β9LEGAL COSTS + +u.     (3) 

 
The fitted values are included in the specification (2) as additional regressor 

(the Hausman test results are not reported here to save the space). Estimated are cross-
sectional OLS regressions, as well as 2SLS regressions where the settlement variable 
has been replaced with the instrument DECISION 2005.  

  
IV.B.3. Exogenous shock effect has been studied before. Liberti (2004) has 

analyzed the organizational structure change of the firm’s performance, and, Matsa 
(2010) documented effect of the changes in labor law on the firm’s financial decisions. 
In this section investigated the exogenous shock effect the February 2005 11th Circuit 
Court decision on the likelihood of future settlements. In the US, legal system is based 
on the Common law. Common law, also known as a case law, or precedent, is the law 
developed by judges through decisions of courts rather than legislative statutes. A 
“common law system” is a legal system that gives great precedential weight to common 
law. The body of precedent is called ”common law” and it binds future decisions. The 
court decision on February 2005 has concluded that the settlement between Schering-
Plough and Upsher-Smith is lawful, and overturned the FTC ruling. This decision has 
been viewed in law academic literature (Ponsoldt and Echrenclou, 2006) as a 
precedent and a pathway for future settlements. Until the critical February 2005 11th 
Circuit Court ruling that recognized Schering-Plough and Upsher-Smith settlement as 
pro-competitive, any settlement between a brand-name manufacturer and a generic 
company was feared to be the subject of antitrust litigations by the Federal Trade 
Commission.  In this study the precedent used as an exogenous shock; I have examined 
its affect on the likelihood of the future settlements. 

The dependent in last test is SETTLEMENT dummy.  The main variable of 
interest is a dummy variable DECISION2005 that is a proxy for the mechanism of the 
law enforcement. The positive coefficient is expected because after the year 2005 
(exogenous shock) the number of settlements is predicted to rise.   Many generic firms 
domicile in weak intellectual property rights protection countries. To control for the 
“quality” of the law and its enforcement in different countries and different legal 
systems I have included the IPINDEX variable that has been developed by Ginarte and 
Park (1997). The higher the level of intellectual property rights protection on a country, 
the higher the IPINDEX is assigned. I expect negative correlation of IPINDEX with the 
dependent, because, the higher quality of the law enforcement, thus, the more likely the 
brand will vigorously defend its patent and not settle.  I control for the brand drugs 
patents’ and generic firms’ characteristics and legal costs. Estimated is cross-sectional 
logit regression. 
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SETTLEMENT = β0+ β1 DECISION2005+ β2 IPINDEX+ β3PATENT TYPE+ 
β4FTF STATUS+β5ANDA APPROVED + β6GENERICS”NUMBER+ β7 LEFT YEARS + 
β8 NUMBER PATENTS+β9 LNSALES + β10LEGAL COSTS + +u.   (4) 

 
 Variables that control for quality of law and its enforcement 
DECISION2005 time dummy. This variable is a proxy for before and after in 

the exogenous shock analysis. 
IPINDEX. The level and quality of the IP rights protection in a selected group of 

countries is measured by IPINDEX, composed by Ginarte and Park (1997). If the 
litigation counterparts are from different countries, I have assigned the lowest 
IPINDEX of those two due to the assumption that a counterpart from the lower IP right 
protection country is more likely to deviate.   

 
   

Table 1 Variables description 
SETTLEMENT This dummy is assigned 1 if the settlement takes place (before or 

through appeal), and zero if firms fail to settle the litigation, or a 
dispute has not resolved within the cohort time frame.  

QUANTITY/ 
LNQUANTITY 

This variable computed by dividing the annual sales of the drug by 
the corresponding price, while LNQUANTITY is Log of the 
Quantity. 

SALES/LNSALES Annual sales of drug when a patent or drug’s market exclusivity 
approaches its expiration date. This variable is a proxy for the 
monopoly revenue of a brand name manufacturer, while 
LNSALES Log of sales. 

NUMBER of 
PATENTS 

This variable designed to control for weakness of a brand’s 
position, as well as its private (asymmetric) information. The more 
patents have been subjected to invalidation, the weaker the 
position of a brand. 

PATENTS TYPE Dummy variable that proxy for a patent strength. ‘Composition of 
matter ‘patents are more difficult to assault: Dummy =1. ‘The 
method of use’, ‘Formulation’ patents are easily assailable, dummy 
=0. 

YEARS LEFT That variable identifies how many years of patent protection or 
exclusivity left until expiration. 

‘First-To-File’ 
(FTF) STATUS 

Dummy variable, that takes value 1 if the alleged infringer holds 
the 'first to file' generic drug application status, and Paragraph IV 
certification, and 0 otherwise. 'First to file' has rights to 180-day 
exclusivity period, during which no 'authorized' generic could be 
introduced by brand name manufacturer, nor can other generic 
companies start selling their products. 

GENERICS’ 
NUMBER 

This variable controls for the number of generic challengers for 
each drug. The number of potential generic entrants is presumed 
to affect the decision to either settle or go to court. 

ANDA 
APPROVED 

(Also tentatively approved) dummy variable. This dummy is a 
proxy for a generic’s credible threat. If the application is already 
approved, or tentatively approved, dummy equals 1 and 0 
otherwise. 

PARAGRAPH IV 
CERTIFICATION 

Dummy variable. One of the provisions of the Hatch-Waxman Act 
was the requirement that the generic must file the Paragraph IV 
certification of non-infringement, along with the ANDA. This 
dummy equals 1, if Paragraph IV filed, and 0 otherwise. 

IP INDEX The level and quality of the intellectual property rights protection 
in selected group of countries is measured by IP (Intellectual 
Property) INDEX, composed by Ginarte and Park (1997). They 
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have developed the measure IPINDEX by examining five 
categories of patent law: extent of coverage, membership in 
international patent agreements, provisions for loss protection, 
enforcement mechanisms and duration of protection. That index 
is available for 110 countries and ranges from 0.75 to 4.52.  

DECISION 2005  Dummy variable. It takes value zero, if a patent litigation has been 
settled before February 2005, and value 1, if settled after February 
2005. In February 2005 11th Circuit Court of appeals decision 
overturned the FTC ruling that the Schering-Plough and Upsher-
Smith’s K-Dur litigation settlement was anticompetitive.  

LEGAL COSTS This dummy variable is controlling for the litigation costs. The 
dummy is designated as 1, if the costs exceed 10M, zero otherwise. 

 
 

V. The Results of the Empirical Estimations  

 
 Table 2 displays descriptive statistics for the selected set of variables. As the 

table demonstrates, the annual drug sales of the drugs, whose patents are challenged by 
generics as sizeable with a mean of $1.08 billion, and a maximum of $5.79 billion. The 
patent protection lasts twenty years; however, due to the length of the development 
process, the remaining number of years under protection is actually smaller. In my 
sample, the mean is only 4.44 years.  The number of patents in a claim per drug in the 
sample ranges from 0 to 12, with the mean being 2. FTF status holders comprise 25.6% 
of the sample, while the average number of generic entrants per drug is 3.4. 57% of the 
disputes analyzed in the sample resulted in settlements, which corroborates the study 
by Greene and Steadman (2010) who find that over half of all cases are settled or 
dropped.  

 
Table 2: Summary Statistics. 

This table reports summary statistics of the variables used in the analysis. The variables are 
defined in Table 1. The number of entries in the sample is 404; the period 1999 to 2009. 

Variable Min Max Mean St. 
Deviation 

Number Frequency(%) 

SALES 0.0 5.79Bln. 1.075Bln. 26640.25 402  
LNSALES 9.21 11.49 10.3792 0.68204 390  

QUANTITY 0.00 30.611Mln. 3.7566 4.63432 400  
LNQUANTITY 10.14 17.24 14.4054 1.44597 387  

IPINDEX 1.48 4.52 3.5818 1.08122 404  
NBRGENRC 1 20 3.5450 2.41714 400  
LEFTYEARS 0 16 4.4456 3.94346 377  
NBRPATNT 0 12 1.9719 1.49910 392  

SETTLEMENT 0 1 0.5726 0.49570 248 57.30 
ANDAAPPL 0 1 0.3474 0.47673 403 34.70 
FTFSTATUS 0 1 0.2563 0.43713 398 25.60 

LEGALCOSTS 0 1 0.5980 0.49091 403 59.80 
PTNTTYPE 0 1 0.5014 0.50070 355 50.10 

PARGRIVCRT 0 1 0.9966 0.05852 292 99.70 
DESIGN2005 0 1 0.8662 0.34110 269 86.60 

 
 

V.1. The evidence supports the hypothesis that a generic able to negotiate the 
settlement by posing a credible threat (contracting under asymmetry of information 
theory), as in Benmelech and Bergman, (2008), who found that a credible threat allows 
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firms to renegotiate their financial obligations. The coefficients of the variables that are 
control for a credible threat are correct sign and some are statistically significant. FTF 
status are positive and significant, (p-values are 0.016; 0.035), pointing out that the 
settlement is more likely to occur with the FTF status holder. When substantial profits 
are at stake, the brand patent holder might be better off settling the case with the FTF 
status holder instead of pursuing trial and facing the risk that the patent will be 
invalidated.  The coefficients of the variable ANDA are positive, as well, validating the 
hypothesis that the likelihood of settlement is dependent upon a generic posing a 
credible generic threat, though the coefficients are weak.  The NUMBER of GENERICS 
variable coefficients are significant and negative in both specifications, along with 
expectations. Intuitively, when several generics challenge a patent, the brand will more 
likely vigorously defend its patents in court. The rational explanation is that if the 
brand has pursued litigation in court and won the case against one firm, the others will 
consent with the court decision and withdraw their applications. Furthermore, even if 
the brand settles the dispute with one generic, it does not prevent others to pursue their 
own ANDA approvals.  

The asset (patent) value theory is not supported; the LNSALES coefficients are 
zero or not significant in the 1st specification. Intuitive explanation is that majority of 
the drugs in the sample are high revenue generators (mean= $1.08 billion), and 91% of 
all infringed drugs in the sample have sales of over $100 million. Intuitively, these 
drugs that do not generated substantial revenues (in excess of $100M), are less 
attractive for a generic challenger, and thus, not infringed. The results of the cross-
section logit regression are reported in Table 3. 

 
Table 3. The likelihood of the Settlement test. 

This table reports the results of cross-sectional estimation of the factors that have had 
influenced the settlement decision. The dependent variable, Settlement; all variables are defined 
in Table 1.  Maximum likelihood estimates are presented (p-values in parenthesis), the 
significant are in bold. The number of observations is 404; the period 1999 to 2009. 
Variables SETTLEMENT SETTLEMENT 
Constant -16.861 

(1.000) 
-20.200 
(1.000) 

LNSALES -0.331 
(0.241) 

 

SALES  0.000 
(0.463) 

ANDA APPROVED 0.040 
(0.916) 

0.100 
(0.790) 

FTF STATUS 0.979 
(0.016) 

0.843 
(0.035) 

GENERICS NUMBER -0.207 
(0.017) 

-0.203 
(0.019) 

PARAGRAPH IV CERTIF. 20.745 
(1.000) 

20.776 
(1.000) 

NUMBER of PATENTS 0.265 
(0.074) 

0.267 
(0.071) 

PATENT TYPE -0.478 
(0.213) 

-0.432 
(0.251) 

YEARS LEFT -0.020 
(0.682) 

-0.017 
(0.716) 

LEGAL COSTS -0.284 
(0.470) 

-0.212 
(0.588) 

Chi square 
Significance 

22.157 
0.008 

19.998 
0.018 
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V.2. Theory predicts that the settlement’s pay-off could be determined by the 

Nash bargaining. I examined if the settlement can reduce the cost of informational 
asymmetry, i.e. by eliminating the possibility of patent invalidation in court.  The 
results give support to the 2nd hypothesis as well. To avoid the structural equations bias, 
the SETTLEMENT dummy was replaced with the instrument (decision 2005) and 2SLS 
tests were performed, along with OLS. The validity of the proposed instrument 
DECISION2005 was tested (see Table 5, col.3). As the results show, the proposed 
instrument is positively and statistically significantly correlate with the settlement 
variable, thus it can be used as an instrument.  As it can be seen, the 2SLS estimates are 
similar to OLS, thus, an endogeneity is not the major issue, though it could not be 
eliminated either. Though the OLS regressions are also reported for robustness, the 
more weight was given to the 2SLS regression results; they are reported in Table 4.  

 
Table 4. Analysis of the benefit of a Settlement. 

 In this table are reported the tests results of effects of settlements on the brands’ volumes of 
prescriptions filed. The regressions are estimated using OLS (columns 1 and 2), while the 
columns 3 and 4 show the results of 2SLS regression where the settlement dummy has been 
instrumented with the Decision2005 dummy (t-statistics in parenthesis). The number of 
observations is 404; the period 1999 to 2009. The significant are in bold. 
Variables LNQUANTITY QUANTITY LNQUANTITY QUANTITY 
Constant 13.222 

(11.998) 
-452031.054 
(-0.122) 

14.484 
(12.435) 

3130776.878 
(1.019) 

SETTLEMENT -0.284 
(-1.591) 

-145793.253 
(-0.245) 

-2.097 
(-1.179) 

-3.358E6 
(-0.731) 

LEGAL COSTS 1.700 
(9.087) 

4304069.623 
(6.906) 

1.351 
(4.101) 

3384040.425 
(3.936) 

NUMBER 
PATENTS 

0.165 
(2.765) 

1035325.255 
(5.137) 

0.156 
(2.074) 

879759.632 
(4.413) 

PATENT TYPE 0.195 
(1.085) 

1219075.999 
(2.034) 

0.212 
(0.827) 

529340.675 
(0.788) 

YEARS LEFT -0.021 
(-0.867) 

-75181.002 
(-0.953) 

-0.011 
(-0.374) 

-139968.778 
(-1.812) 

ANDA 
APPROVAL 

-0.225 
(-1.246) 

-1332705.052 
(-2.207) 

-0.014 
(-0.053) 

-966646.333 
(-1.447) 

FTF STATUS 0.122 
(0.623) 

325186.623 
(0.500) 

0.575 
(1.080) 

1019176.198 
(0.804) 

GENERICS 
NUMBER 

-0.033 
(-0.886) 

-227357.147 
(-1.802) 

-0.081 
(-1.129) 

-280239.843 
(-1.464) 

PARAGR.IV 
CERTIF. 

0.239 
(0.228) 

782619.748 
(0.221) 

  

R Square 
Adj. R Square 

0.453 
0.418 

0.413 
0.375 

0.297 
0.260 

0.337 
0.303 

 
The key variables coefficients are all sensible signs and many are significant. 

The results are weakly corroborating the hypothesis that settlements can help to avoid 
the possibility of patent’s invalidation and loss of revenues, though there are the costs 
of bargaining as well. (The computation of the dependent variable QUANTITY could be 
noisy because the price varies for the different payers). The coefficients of 
SETTLEMENT variable are negative, as expected but not statistically significant. Along 
with the hypothesis, the settlement is not expected to significantly reduce the 
revenues/quantities sold, thus coefficient is small and weak. Bulow (2003) suggest that, 
as a part of the settlement, the earlier date of the generic launch is allowed, often six 
month to a year earlier than a brand’s patent expiration date (cost of asymmetry of 
information theory). The loss of 180 days earnings are small when compared to the 
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losses, for instance, that incurred for a period of 4.4 years (4.4 years is the average 
number of remaining patent years in the sample). The results are corroborating Berndt 
at all, (2007) who have found that the brands’ prescriptions substitution rate is about 
85% within sixteen month of generic launch. 

NUMBER OF PATENTS’ coefficients are statistically significant and positively 
correlated with the dependent. Intuitively, the more valuable a drug for a firm, the 
higher number of patents will be generated to protect it, thus the stronger the 
protection (Lerner, 1994). Coefficients of the variable PATENT TYPE are also positive, 
though not strong. In addition, the positive correlation of patent characteristics 
variables with dependent suggested the stronger the brand position. LEFT YEARS 
variable’s coefficient is negative, perhaps because  of  the more years of patent 
protection left, the higher the cost of the losing a patent protection in court for a brand.  

LEGAL COSTS coefficients are positive and significant in all tests (t-statistics 
are: 9.087; 6.906; 4.101; 3.936), If the case is decided in court, litigation costs are 
determined by the magnitude of the damages sought, thus, the positive correlation of 
LEGAL COSTS dummy with the dependent is justified. Therefore, intuitively, the 
settlement is an efficient way to reduce the legal, as well as “hidden information” costs. 
For example, Bulow (2003) points out that the Nash bargaining solution implies that if 
the brand has three times more money at stake than the generic, litigation costs will 
benefit the brand in settlement negotiations as long as the cost of presenting the case is 
not more than three times the generic’s costs.  

 
V.3. Quality of law and its enforcement (exogenous shock) hypothesis is also 

supported.  
The coefficient of the dummy DECISION2005 is positive and statistically significant at 
10% level. The results suggest that the likelihood of the settlements rises after the 
exogenous shock (the precedent established by court decision on February 2005). For 
example, in 2007, 14 cases were settled; in 9 month of 2010 there were 21 settlements 
(UBS Report, 2010). Earlier, Matsa (2010) has examined effect of the changes in labor 
law on the firm’s financial decisions and has found that changes in labor law influence 
the determination of the capital structure of the firm.    

The IPINDEX coefficients are negative as predicted, though insignificant. The 
higher the IP index protection i.e. quality of the patent law and its enforcement in a 
country; the less likely a brand drug manufacturer will agree to settle, suggesting that a 
firm can rely on the sophisticated legal system with effective enforcement instead. The 
results are reported in the table 5. 
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Table 5.  The exogenous shock’s effect. 
Dependent variable is a Settlement in all tests; Maximum likelihood estimates are presented. 
The independent variables are defined in Table 1.   (p-values in parenthesis). The number of 
observations is 404; the period 1999 to 2009. In column 3 are reported results of the first stage 
regression that tests the validity of the instrument (auxiliary). Significant are in bold. 
Variables SETTLEMENT SETTLEMENT SETTLEMENT 
Constant 2.261 

(0.414) 
0.172 
(0.853) 

0.006 
(0.994) 

LNSALES -0.206 
(0.410) 

  

SALES  0.000 
(0.532) 

 

DECISION 2005 1.072 
(0.070) 

1.052 
(0.072) 

1.102 
(0.059) 

NUMBER of 
PATENTS 

0.095 
(0.405) 

0.091 
(0.420) 

0.091 
(0.421) 

PATENT TYPE -0.235 
(0.527) 

-0.212 
(0.560) 

-0.208 
(0.564) 

YEARS LEFT 0.006 
(0.899) 

0.005 
(0.917) 

0.001 
(0.988) 

ANDA APPROVAL -0.124 
(0.746) 

-0.086 
(0.820) 

-0.091 
(0.810) 

FTF STATUS 1.159 
(0.003) 

1.033 
(0.007) 

-0.997 
(0.008) 

GENERICS 
NUMBER 

-0.166 
(0.059) 

-0.163 
(0.060) 

-0.161 
(0.059) 

LEGAL COSTS -0.610 
(0.102) 

-0.554 
(0.135) 

-0.614 
(0.092) 

IPINDEX 
 

-0.103 
(0.532) 

-0.073 
(0.655) 

-0.066 
(0.686) 

Chi-square 
Significance 

21.137 
0.020 

19.153 
0.038 

19.128 
0.024 

 
 

VI. Conclusion 

 
This paper studies settlements of pharmaceutical patent disputes through 

lenses of financial contracting under information asymmetry theory. Financial 
contracting negotiations approach to pharmaceuticals patents settlements disputes is 
justified because in the pharmaceuticals’ patent disputes are substantial drugs’ 
revenues and royalties at stake that often are overlooked. Further, the focus of the 
paper on the “out of court settlements” could be valuable  for the legal and public policy 
scholars because of the benefits that settlements bring to the table, such as shorter time 
to resolve a dispute and lower legal costs. 

The objective is to examine the determinants of the settlements, such as a 
generic’s credible threat and a brand’s patent characteristics, and test the hypothesis, 
whether the settlement can reduce the cost of informational asymmetry. The “hidden 
information” source, as hypothesized, is the uncertainty whether the patent will hold, 
or will be found invalid if the case goes to court. Lastly, the exogenous shock effect is 
examined. Law puts effective constraints on the allocation of resources, i.e. settlements 
provisions; that is, the settlements that are anti-competitive could be challenged by 
FTC and disallowed.  

According to debt contracts negotiation theory, firms are able to renegotiate 
their contractual obligations if their threat of default is credible. Following the same 



 

 

81 

logic, I have examined, if the generics, by posing a credible threat, are able to negotiate 
settlements of legal disputes. 

The results suggest that a brand will agree to settle and allow an earlier date of 
launch if a generic succeed in posing a credible threat, that is, it has filed an ANDA 
along with the Paragraph IV certification of non-infringement, and is a FTF status 
holder. Further, the results suggest that the settlements can alleviate cost of 
informational asymmetry, by eliminating the risk of patent invalidation in court and, 
sequentially, the revenue loss. Moreover, the profits (as well as legal costs) are easier to 
control when a date of generic launch can be negotiated. 

Though the settlements cannot alleviate the patents infringements problem, the 
“quality of the law enforcement”, i.e. legal precedent, is determining the outcome of 
patents disputes, as the results suggest. There is evidence that the likelihood of 
settlements has increased after the February 2005 court decision. Because settlements 
save on legal costs, promote the competition from generic firms, thus, are pro-
competitive, and, benefit the consumer, they are favored by courts.  

The question remains: can less credible generics still get favorable settlements? 
The future research that could benefit a public policy: studying the effect of the new 
cases that are brought by generics solely for settlement purposes that may not have 
been brought before.  
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Abstract  
 

The pharmaceuticals market is primarily an innovation market. Each firm must develop 
new technology and know-how in order to enter and serve the market. A firm’s profit, when it 
succeeds in development depends on whether it faces a competitor, that is, whether the other 
firm also succeeds (Tirole, 2006).   

The incoming competition from generic biologic drugs is threatening to destroy the 
profits of brand biologics drugs manufacturers and impede their future operations. To continue 
to thrive, a firm takes costly actions to prevent mimicking by bad types. A firm’s commitment to 
behave aggressively in order to deter potential entrants has been examined through the lenses of 
signaling theories of predation and the profit destruction. The instrument of predation is usually 
low price, but it could be any strategic choice that hurts the bottom line of a rival. Results 
validate the hypothesis that brands use predatory strategies such branding and intense 
advertising to signal high barriers to entry and doing business. The findings suggest that unlike 
lone brands, the brands that are facing threat of generic entrants, invest heavily in the new 
product developments and reformulations (R&D race theory), as well as commit to intense in 
advertising and branding, to signal its products superiority.  
 
 
 
Introduction 

  
This paper is about strategic interactions between brand biologics and generic 

biologic drugs. In 1973 Michael Spence asked whether in the corporate market place, 
sellers of above average quality products could “signal” that fact by taking costly action.  
The biologic drugs’ quality is not easy to evaluate by potential buyers; biologics are not 
over-the-counter drugs but have to be prescribed by doctors. 

I have studied biologics drugs strategic interactions through lenses of product –
market competition using a simple system of supply and demand equations.   Berry, 
Levinsohn and Pakes (1995) examined the automobile prices in market equilibrium, 
pointing out that “products that face good substitutes will tend to have low markups, 
whereas other products will have higher markups and thus high prices relative to cost” 
(p.855).This research interest, though, lays not in product-market competition per se, 
but rather what role corporate finance decisions are playing in these interactions, and 
vice versa. Phillips (1995) examined whether changes in industry supply, as a result of a 
sharp increase in leverage, have contributed to the movements of product prices. 
Chevalier (1995) analyzed links between a firm’s capital structure and product-market 
competition in the supermarket industry; also, Chevalier and Scharfstein, (1996) 
studied the link between balance sheet strength and product-market behavior. 



 

 

86 

Following the logic of Brander and Levis (1986), I analyzed how firms’ financial 
decisions are interacting with product market decisions. The motivation for this paper 
is the observation that incoming generic competition is threatening to destroy the 
profits of brand drug manufacturers and impede their future operations; thus, brands 
respond by taking costly action.  

The pharmaceutical market is, ultimately, an innovation market, where a firm 
must develop a new technology and know-how in order to enter and serve the market; 
yet, according to Tirole (2006), a firm’s profit depends not only on whether it succeeds 
in developing a new technology, but also on whether it faces a competitor, and whether 
this competitor will also succeed. 

A pharmaceutical firm (brand name drugs manufacturer; further, a brand) 
faces two types of competitors: other brand manufacturers and generic drug’s 
manufacturers (further, a generic). Lichtenberg and Philipson (2002) suggested that 
between-patent competition (between brands competition), most of which occurs while 
a drug is still under patent protection, costs an innovator at least as much as within-
patent competition (between brand and generic competition), which cannot occur until 
a drug is off patent.  In this analysis the focus is on the “within patent” competition and 
brands’ strategic response.  

Most of literature on capital structure focuses on financing of new investment. 
For example, two classical models of signaling are Ross (1977) and Leland and Pyle 
(1977) advocated the idea of using capital structure as a signaling device. Myers and 
Majluff (1984) have model signaling where a decision to issue equity may reveal 
information to capital markets.  
Riley (2001) suggests that a costly action, such as, a high introductory price, can signal 
the product quality. In respect to the signaling effect on demand, Bagwell and Ramey 
(1988) have considered the advertising that is beyond the level that would prevail in the 
absence of the informational asymmetry (credibility of signaling).  

Research Question: Credibility of signaling is examined in framework of 
corporate finance theories of predation and profit destruction: a firm’s commitment to 
be tough – to behave aggressively in order to deter potential entrants. 

I posit that a brand spends sizeable resources to develop and market new drugs 
(R&D race theory) to signal the high cost of entering and doing business, and, 
examined the link between the predatory strategies and market competition. Next, I 
have examined the “commitment to be tough” and    the “profit destruction” theories by 
interacting predatory instruments and generic competition proxy, and thus, test 
whether generic presence on the market alters product-market environment. The 
general framework of the corporate finance decisions impact on product markets is 
described in Phillips (1995).  

This study contributes to several corporate finance literatures. 
Phillips (1995) and Chevalier (1995) have studied the interaction between 

capital structure and product-market behavior.  Phillips (1995) analyzed firms’ 
production and pricing decisions interaction with the capital structure suggesting that 
capital structure can affect industry’s product-market because financial instruments 
alter the ownership of residual cash flow and the ability of the firm to invest. Chevalier 
(1995) examined how capital structure influences an ability of a firm compete in 
product-market in framework of the supermarket industry. Also, Chevalier and 
Scharfstein (1996) examined links between balance sheet strength and product-market 
behavior in the supermarket industry. They measure the strength (weakness) of the 
balance sheet by leverage. The highly indebted have a weak balance sheet. Matsa (2010) 
has analyzed capital structure as a tool to influence collective bargaining with labor 
unions. Alternatively, I have examined how pharmaceutical firms use corporate finance 
decisions, such as R&D investments and branding to compete with generics. 
  Fudenberg and Tirole (1986), Bagwell and Ramey (1988) and (Tirole, 
2006) have studied the predatory theory of signaling. For example, Riley (2001) 
suggested that the optimal strategy of the firm is to choose a price higher than the 
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monopoly price, thus, signaling that his cost is high; and, thereby relying on the 
information asymmetry. I have tested empirically the effectiveness of instruments of 
predation, such as intense advertising and product development spending (R&D race) 
to deter the incoming generic competition.  

In previous research, the Rizzo and Zechauser (2005) analyzed the relationship 
between generic (pharmaceuticals) prescriptions share and brand prices and  have 
found that the average price paid by consumers for a brand name drug falls 
substantially when a corresponding generics prescriptions’ share rises, because, 
presumably, consumers are more likely to switch to generics when the price gap is 
great. This effect is substantial: a 10% increase in the consumer’s generic scrip share is 
associated with a 15.6% decline in the average he pays for brand-name drugs (Rizzo, 
and Zeckhauser, 2005).The findings of Rizzo and Zeckhauser (2005) who examined the 
pharmaceuticals (small molecule) drugs data might not be applicable to the biologic 
drugs universe due to the substantial complexity in the characterization and 
manufacturing process of biologic drugs, as well as the costs associated with it. To my 
knowledge, the issue has not been examined in a framework of the biologics drugs 
universe. 

Earlier, Porter (1983) studied firms pricing and output strategies that reflected 
the switch from collusive to non-cooperative behavior using railroad cartel information. 
Berry, Levinsohn and Pakes (1995) examined the prices and markups in the automobile 
industry using the supply and demand approach; in their analysis they used product 
substitutes as instruments. Currently, there aren’t many alternative drugs developed in 
the biologics universe with a similar mechanism of action to substitute for (with 
exception of generic versions). The biologic drugs are by prescription only and not the 
choice of the consumer and cannot be substituted at pharmacy level. Furthermore, 
though, competition between biologics and biosimilars have been analyzed using the 
prices and quantities, it was not my goal to examine product-market competition per 
se, but, rather, the corporate finance implications of it.   

Brander and Lewis (1986) suggested a firm “commitment to be tough” and to 
behave aggressively on the market as a strategic interaction. Tirole (2006) suggest that 
the instrument of predation is usually low price, but it could be any strategic choice that 
hurts the bottom line of a rival. Committing via customers and suppliers has been 
examined by Spulber (1989), Spiegel and Spulber (1994) and Spiegel (996). Spiegel 
(1996) examined the bargaining over conditions of trade with the third party, where a 
firm (utility) tries to extract high regulated retail prices from the 3rd party (a regulator); 
and in Matsa (2010), for example, the 3rd party is a labor union (Tirole, 2006). Though 
in US, the government does not regulate the prices of drugs, neither pharmaceutical 
firms are directly regulated; yet, the approval, manufacturing and marketing of drugs is 
strictly regulated. Arguably, Big Pharma has bargaining power because of its existing 
relationship and ability to give discounts (the government is major customer via 
Medicare, Medicaid program), and is able to lobby the regulator “over conditions of 
trade”, and to achieve the passage of rules that are favorable to brands. Health Care 
Reform in 2010 and The Biologics Competition and Innovation Act have extended the 
brand biologics’ market exclusivity to 12 years for a novel biologic drug, as well as, 
required for generics to conduct clinical trials prior to approval. 

The paper proceeds as follow. In section II, I briefly describe the industry 
background. Part III presents the theory and hypotheses; part IV outlines the data and 
empirical design. Part V reports the empirical results and Part VI offers the discussion 
and conclusions. 
 
II. Background 
 
             Biologic drugs are a step closer to personalized medicine due to the efficacy of a 
treatment and an improvement in patients’ long-term quality of life.  However, because 
the prices of the brand biologic drugs are notably high due to the complexity of the 
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manufacturing process, there is great demand for lower costs of medicines, such as 
biosimilar, or follow-on-biologics (generics); though, as the industry experts predict, 
large scale substitution of brand biologics with biosimilars is not likely. 
              Industry analysts (Cowen, 2010) have estimated that after a brand’s patent 
expiration, a biosimilar drug’s (generics) penetration can reach 20-50% at best, as 
opposed to 90% penetration of generics of small molecule drugs (tablets). For instance, 
human growth hormone in the US is a $1 billion annual market. However, Teva’s 
TevTropin and Sandoz’s Omnitropin, two biosimilar drugs, each have been able to gain 
only 5% of their respective market shares, regardless of substantial discounts on their 
products. Potential developers might find biosimilars economically unfeasible because 
of the requirement of the clinical testing.  It has created a barrier to entry into the 
market that is too high for generic-based companies to overcome (von Brown and 
Pugatch, 2005).  The previous study of Reiffen and Ward (2002) has shown that only 
the first one or two generic manufactures of small molecule drugs, those who hold FTF 
(First-to-file) status, can make a profit.  
 
II A. The Biologics’ Regulation 
 

“The Biologics Competition and Innovation Act” that passed in March 2010, has 
established the specific standards for interchangeability and biosimilarity of generic 
biologic drugs.  Most importantly, the market exclusivity was extended to 12 years for 
novel biologic drugs. In addition, during the first four years after a brand biologic 
drug’s application approval, generics cannot submit the follow-on-biologics (further, 
FOB) application.  In order to show therapeutic equivalence the clinical testing for 
biosimilars is required. Yet, the requirements of clinical trials for biosimilar drugs 
eliminate the generics’ competitive advantage of lower R&D costs. The lower R&D costs 
are critical for generic drugs companies; they are able to offer their products at 
substantial discounts. Therefore, in order to compete, developers of follow-on-biologics 
need to substantially limit their costs of goods and manufacturing.  
 
II B.  The brand biologics competitive strategies (between brands) 
 

Lichtenberg and Philipson (2002) have argued that the fiercest competition is 
expected between patents (different brands), and not within patents (between brand 
and generic). However, because, by design, biologics drugs are step closer to 
personalized medicine, the two biologics drugs for the same disease indications, but 
different mechanism of action (“between patents”) are not necessarily compete for the 
same cohort of patients, and are not direct substitutes of each other, as the generics are.  

According to Morrow and “The Pink Sheet” (2006), two branded products 
compete not in terms of prices but in terms of products’ features.  Prior to January 
2005, brands were involved in price wars; however the competition strategy has 
changed since January 2005, when the new Medicare Part B reimbursement system 
was implemented.  For example, Amgen and its product Aranesp and J&J with its drug 
Procrit used to compete in the anemia market prior to the adoption of the ASP +6% 
(Average Sale Price) policies. And, in 2004, erythropoietin’s (further, EPO) market 
(drugs Aranesp and Procrit are part of that market) saw a 16% price cut in the first half 
of the year and an 18% cut in the second half. The new reimbursement policy has 
changed the rules of engagement; by the end of 2005 the pricing change was zero (The 
Pink Sheet, 2006). 
 
 II C. The brands biologics drugs and biosimilars’ competitive strategies  
 
           A new biosimilar drug has to enter with a price discount in order to compete for a 
market share. Roth and Fleischer (2009) have projected a price discount for generic 
biologics to be in the 20-25% range. 
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For instance, Shire launched its generic version of erythropoietin, Dynepo, at a 
30% discount in Europe, to overcome brand loyalty. However, after one year Shire 
announced the discontinuation of its marketing of Dynepo in Germany because it was 
not profitable. The launch of Dynepo was extremely costly because it had to be tested 
and approved as a regular, not abbreviated drug (Cowen, 2009).  

To compete with generic competitors the biologic brand drug manufacturers 
(further, brands) distinguished themselves by claiming superiority of their products.  
Another strategy is an investment in the label expansion, or “ever greening”: a 
development of novel and more efficient drugs using the same mechanism of action, or, 
patenting the existing drugs for new indications using the same active ingredients, in 
order to extend the patent’s life. When a developer files a new patent on an improved 
drug, the Intellectual Property (further IP) rights protection period starts all over again 
(Cowen, 2009). Amgen, for example, has lost minimal market share to various EPO 
biosimilars. This reflects the drug Aranesp’s differentiated product attributes (longer 
half-life) and a lack of interchangeability relative to biosimilar epoietins (EPO). Still, 
Amgen has been required to make double digit price concessions to certain customers 
to retain its market share (Pink Sheet, 2006).  
 
III. Theory and hypotheses 

  
III.A. Theoretical background 
 

The incoming generic competition threatens to destroy the profits of brands 
biologics and, thus, affects the brands market behavior and investment decisions.  
Brander and Lewis (1986) have suggested a firm may want to choose its financial 
structure or corporate governance so as to commit to be very competitive (aggressive) 
in the product market, thereby deterring or limiting entry by rival. I have examined a 
firm’s competitive behavior through the lenses of corporate finance theory of signaling.   

Research Question:  Credibility of signaling examined in framework of theories 
of predation and profit destruction: a firm’s commitment to behave aggressively in 
order to deter potential entrants. 

Several empirical papers examined the firm’s commitment to be tough via a 
choice of financial structure and, thereby, modifying the behavior of product market 
rivals. Earlier researchers argued that debt weakens the competitive position of the 
firm, Phillips (1995); Chevalier (1995); Chevalier and Scharfstein (1996) have measured 
the strength by a firm’s leverage and studied the link between the balance sheet 
strength and product –market behavior.  Matsa (2010) has studied capital structure as 
a tool to influence a collective bargaining with labor unions (a supplier). 

At the core of principal-agent conflict is the theory of predation where the cash-
rich firm can prey upon cash-poor rivals. The standard definition of predation is the 
predator voluntarily loses money in the short run so as to kick rival out of market. 
Tirole, (2006) points out that the instrument of predation is usually low price, but it 
could be any strategic choice that hurts the bottom line and prospects of a rival: intense 
advertising, R&D race, selective price cuts, close positioning or clever versioning.  For 
instance, in the pharmaceutical field, it could be new formulations of old versions of a 
drug. 

Corporate finance theory predicts that asymmetric information is costly for a 
“good types”, thus, they have an incentive to reduce the informational gap. One 
alternative for the “good types” to overcome information asymmetry is to engage in 
signaling. A good type (a brand) proves itself by undertaking an action that is costly 
enough, so that only a “good type” has the incentive to signal its type. In corporate 
finance, the incumbent is likely to be strong and an entrant is likely to be weak; thus, 
the incumbent would prefer to signal his strength.  
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Brand biologics take costly action to signal their product quality. Following the 
logic of the” long-purse” theory of predation, the cash-poor rival exits because it can no 
longer secure financing for its operating or investments (R&D) costs. By contrast, the 
predator is assumed to have deep pockets (‘a long purse”) and its existence and 
investments are not jeopardized by short term losses. (Tirole, 2006) 

Wernerfelt (1988) argued that a firm might often be able to signal quality more 
cheaply by building a reputation, i.e. branding.  Riley, (2001), pointed out that the high 
introductory price alone can be a signal of product quality. The fact that each firm is 
likely to be uncertain about the unit costs of its potential competitor is the source of an 
informational asymmetry. Firm (brand) uses asymmetry of information to signal high 
costs of entry and doing business to deter a generic (biosimilar) entry. 

The brand spends massive resources to develop and later to market new drugs 
to signal high cost of an entering and doing business (credibility of signaling). 
Fudenberg and Tirole (1986) offer their explanation of predation by an incumbent firm:  
the entrant is uncertain about how costly it will be operate in the market, and it also 
does not observed the choice of incumbent. For example, it could be the quantity sold 
or the secret discount on the listed price offered to “loyal” customers. Thus it gives the 
incumbent incentive to temporarily lower its price (limit pricing theory) (Riley, 2001).  
The incumbent has an incentive to signal that his cost is high and thereby discourage 
entry. For example, Harrington (1986) shows that if costs are correlated, the optimal 
strategy of the firm is to choose a price higher than the monopoly price.  

I begin with the testing the hypothesis of signaling, and aggressive behavior, 
where the brands’ instruments of predation of choice are an intense advertising 
/branding and R&D race. (For an R&D race see Schroth and Szalay (2005)). Next, I 
have examined the behavior of the brands that are facing the generic competition with 
these that are not. 

Perotti and Spier (1993), Spiegel (1996), Spiegel and Spulber (1994) have 
argued that the capital structure (leverage) can be used as a “commitment to be tough” 
in bargaining over conditions of trade (Tirole, 2006). The third party may be a 
regulator from whom the firm ( utility) tries to extract high regulated retail prices, or a 
government, from whom the  defense contractor tries to obtain high procurement 
prices ((Spiegel and Spulber (1994); Spiegel (1996), and Tirole,2006)).  

In the last section I discuss the brands’ use of their “financial muscle” to interact 
with the customer and a third party (regulator). Though the bargaining process is 
unobservable, the outcome is. Arguably, “The Biologics Price Competition and 
Innovation Act” can be viewed as a product of aggressive lobbying that emerged prior 
to a passage of the Act in 2010. Big Pharma have advocated for extended (up to 12 
years) the market exclusivity for brand biologic, from existing 5 years for chemical 
drugs. Branded biologics’ manufacturers have appeal that generics should conduct 
clinical trials prior to approval; at the same time, generic pharmaceutical drugs 
(tablets) aren’t required to be tested.  
 
III.B.1. Brand signals by taking costly action hypothesis 
 

The incumbent has an incentive to signal that his costs are high and thereby to 
discourage entry (Riley, 2001).  The brand, which has a “deep purse”, uses the 
predatory strategies, such as the branding, R&D race and possibly, the limit pricing to 
signal high barriers to entry and doing business, in an attempt to prevent the generic 
from entry. “Bagwell and Ramey (1988) considered the further implications of 
advertising having a direct effect on demand.  They show that it is efficient for the 
incumbent to combine the limit pricing strategy with a second signal -advertisement 
beyond the level that would prevail in the absence of the informational asymmetry”. 
(For limit pricing see Bagwell and Ramey (1988)).   
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H1  In the innovation market, each firm must develop new technology and know –
how in order to enter and serve the market; thus, a brand invests heavily in 
product development (R&D race) and intense advertising (branding), to signal 
high cost of entry and a product’s superiority.  

 
III. B.2. Commitment to behave aggressively to avoid the profit 
destruction, hypothesis 
  

Earlier theoretical and empirical analysis has shown “how protecting innovative 
returns from imitators raises R&D incentives” (Lichtenberg and Philipson, 2002). A 
firm makes no profit if it fails to develop a new technology. Its profit, when it succeeds 
to develop a new technology, depends on whether it faces a competitor, or whether the 
other firm also succeeds or not. A brand is interested in maintaining a monopoly. Upon 
the entry of a generic competitor, the profit of a brand biologic will decline from 
monopoly to duopoly level (profit destruction theory). Thus the firm’s profit is as 
follows: 

 
 M if the only firm to succeed; here M stands for monopoly profit 
 D if both firms succeed; here D stands for duopoly profit  

               0 if a firm fails to develop a new technology.   
                M>=D >=0    

M>=D, this condition means that competition reduces an individual firm’s profit 
(Tirole, 2006). 
 

The argument of the brand’s profit destruction is based on the evidence that 
suggests (see Berndt at all, 2007) that the generics have captured about 70% sales 
within two months and about 85% within sixteen months of launch (Note: for small 
molecule drugs).  

I posit that a brand employs predatory strategies to protect its profits. To test 
the second hypothesis and to identify how the competition affects the brands’ strategies 
I have compared two groups: one that represents lone brands, and the other that 
represents the brands that already face the generic competition.   

 
H2   In order to avoid profit destruction, the brands that facing generic competition 

are motivated to behave more aggressively, unlike these brands that do not 
facing generic competition, thus have an easier life.  

 
IV. Empirical Methodology 
 
IV.A. Data Set and the Sample 
 

The comprehensive sample contains observations of 120 biologic drugs and 26 
biosimilars.  The biologic drugs are representing new developments in pharmaceutical 
industry and thus, so far there aren’t many biologic (therapeutic) drugs. Therefore, it is 
safe to assume that, the collected data set is an all-inclusive sample of the biologic 
drugs and biosimilars drugs that are currently (2010) approved in the US and/or 
European Union. The time frame of this analysis is 2007-2009, and brings the total 
number of observations/years to 438.  I have obtained the price of drug data from the 
MEDSCAPE databank; it is the resource for Physicians that provides comprehensive 
drug information. MEDSCAPE utilizes data from the First Databank, AHFS Drug 
Information (published by the American Society of Health-System Pharmacists), and 
the FDA Drug Alert service. The data on annual drug sales by brands was collected 
mainly from “LaMerie Business Intelligence: Top 20 Biologics of Years 2007, 2008 and 
2009”, and complemented with the data from other sources.  The Research and 
Development costs (further, R&D)and Sales and General Administrative expenditures 
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(further, S&G) are obtained from firms annual reports (10K) of the years 2007, 2008, 
and 2009. 

Though few biologic drugs have been around for more than a decade, generic 
biologics haven’t; therefore, the generic drugs sales data is limited. In several cases, I 
have had to estimate and impute the generic sales because more precise data is not 
available. For instance, the generic Erythropoietin drug’s total sales in 2008 were $140 
million, but that $140 million was allocated among 7 generic drugs. In 2009 EPO 
generic product sales were 300M, and, because Hospira’s drug Retacrit has over 50% 
market share, the 150M was allocated to Hospira’s biosimilar drug Retacrit (Source: 
Hospira’s annual report). Teva Pharmaceuticals’ biosimilar drugs sales were in 2009 
75Million; those were allocated between Tev-Tropin 45M and TevaGrastim 30M based 
on Teva’s annual reports.  Sandoz, the Novartis generic subsidiary, also does not report 
sales by the individual products; the firm only reports the sales growth that was in 
2009 reported at 62%. Thus, the 2009 sales of 118M were allocated among 3 biosimilar 
products: Zarzio (8M) that launched in 2009, and older products Omnitrope (60M) 
and Binocrit (50M) (Source: Novartis’ 2009 annual report, p.12). 
 
IV.B. Empirical Equations and Variables Description  
 

IV.B.1. The empirical framework is adapted from Phillips (1995). Because 
supply and demand equations are simultaneously determined, they have to be 
estimated jointly. The demand for a biologic drug for the same disease indication is 
specified as follows: 

 
LnQ = α0 + α1lnP + α2 ln S&G + α3 PPD + α4 BBC + α5 BGC + α6 PDS + α7YRD +e 
(1) 
  

Where: the dependent variable Q in equation 1 is the quantity demand of a 
biologic drug, and P is the price of a brand name drug. Because the Quantity and Price 
variables vary substantially in scale, I have converted the actual numbers into natural 
logarithms of their corresponding values (also S&G and R&D variables are converted to 
logs). The coefficient α1 is the price elasticity of demand and is expected to be negative.  
QUANTITY. Similar to Rizzo and Zeckhauser (2005), to measure the quantity of a 
brand drug sold, I have used the volume of the prescriptions filled as the proxy for 
quantity. The quantity of units sold was calculated by dividing annual sales figures by 
the price of a corresponding drug for that year.  

LN S&G (Sales, General and Administrative expenditures)  is the key variable in 
the demand equation that tests the signaling hypothesis. This variable is a proxy for the 
intense advertising (the instrument of predation). Naturally, the positive correlation 
between the dependent- Ln Quantity and lnS&G (advertisement) is expected.  Note, the 
S&G cost is a proxy for advertising/branding expenses because the advertisement 
expenses are not separately reported in 10K (annual reports) but bundled into Sales 
and General Administrative expenses. Furthermore, the S&G expenses could not be 
traced to each individual product but are included in the firms’ annual S&G expenses.  
Wernerfelt (1988) argues that firm may often be able to signal quality more cheaply by 
building reputation for a range of products. That is, there are economies of scale in a 
branding a group of products. 

I control for the competition from other brands and generics with the variables 
BGC, BBC, PDS and a variable PPD (patient population). The Brand/Generic 
Competition (abbreviated in the specifications as BGC) variable is a dummy that proxy 
for the presence of the generic competition, while the BBC variable controls for 
Between Brands Competition. The availability of other brands as well as generic 
substitutes, as hypothesized, depresses the volumes of prescriptions sold by brand 
name manufacturers. The negative coefficients of BBC and BGC are expected, reflecting 
the decrease in demand that occurs when substitutes of a drug are available.  
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The size of patient populations (PPD) is expected to positively correlate with the 
drug’s quantities sold, thus the positive coefficient of PPD variables is expected.  In 
addition, I control for the generic’s price discount with PDS dummy, the positive 
correlation with the dependent variable is expected, simply because of the inverse 
relationship of the price and quantity. To control for the time effect in each regression, I 
have included the YEAR dummy variable (further abbreviated as YRD). 

 
Construction of Independent Variables  
 
  BBC. To control for the competition between brand manufacturers that 
produce drugs that are for the same disease indication but have different mechanisms 
of action or different active ingredients, I have constructed the Between Brands 
Competition variable; it is simply a fraction of all brand biologics for the same disease 
category.  The variable BBC equals 1/X, where X is the number of brand drugs in the 
same therapeutic class. If a drug has no competitors, the BBC equals 1, and if there are 
five drugs for the same disease indication, the BBC equals 1/5. This variable is also 
utilized in cases when multiple generics for the same disease category are on the 
market. In essence, this variable is a proxy for the market share; X corresponds to the 
total market, while 1/X is a market share. 
  BGC. To control for the presence of generic substitutes and the industry’s 
competitive landscape changes, the Brand/Generic Competition dummy (BGC) has 
been created. BGC equals 1 if there is an approved generic biosimilar drug on the 
market for the corresponding brand biologic drug, and zero otherwise.  

PPD. To control for the large variations in the patient populations for the 
various diseases, I have constructed the Patient Population dummy (further in text, 
PPD). A drug which is classified as an orphan is used to treat a small number of 
patients worldwide, (in US < 200,000 patients, (Sec.316.20, FDA)), who suffer from a 
particular condition. The PPD dummy designated 1 if a drug has a large patient 
population and 0 if it treats a rare (orphan) disease. Data limitations do not allow the 
use of PPD as a continuous variable because many major biologic drugs are prescribed 
for several disease indications. For example, many TNF-inhibitors are prescribed for 
arthritis and psoriasis indications, or monoclonal antibodies that are prescribed for 
various cancer indications and anemia. 

PDS is the generic competition proxy variable.  Price Discount dummy reflects 
the status of a price competition between a biologic drug and a corresponding 
biosimilar drug. PDS was designated as 1 if a generic manufacturer has its product on 
market with a discounted price, and 0 in the event that no cheaper substitutes are 
available. For example, Roth and Fleischer, (2009) have estimated the average 
biosimilars discount of 20%. 
 
  The supply relationship of a brand biologic drug is specified as follows: 
  
 
ln P = β0 +β1lnQ + β2 ln R&D + β3 ln S&G + β4 PDS + β5 BGC+ β6 YRD  + u (2) 
 

The dependent variable in supply equation (2) is price (lnP).  The LnQ 
coefficients are expected to be negative due to reverse relationship of price and 
quantity.  

PRICE variable. The MEDSCAPE price information is the Average Wholesaler 
Price (AWP). Because the price data were collected in 2009, I have discounted prices by 
6% for the year 2008 and an additional 6% for the year 2007, to adjust for annual 
inflationary price increases and a price growth. (The 6% discount is justified because 
after the implementation of changes in the reimbursements policies, the drugs prices 
increases were limited to 6%). 
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   Due to the fact that biologic drugs are prescribed with different strengths 
based on each patient’s weight, and because of limitations of an available data, the price 
data do not represent the ultimate “true” price but rather the aggregate price paid by 
the “average” patient. 

The hypothesis of a brand’s costly action as a signal to deter generic entrant, is 
tested be key variables of interest: lnS&G and  lnR&D. Similar to lnS&D that is a proxy 
for advertising/branding,  the variable lnR&D is a proxy for the sizeable spending on 
the product development (R&D race theory); and both are viewed as the instruments of 
predations. The positive correlation of lnR&D with the dependent is expected, because, 
the higher the development cost, the larger will be the product’s unit cost that needs to 
be recouped in order for a firm to be profitable.  

LN R&D variable is proxy for the Research and Development cost the firm 
incurs while developing a new drug. This variable represents the total annual R&D 
expenditure of the firm (from 10K) and not only for that particular drug.  

The coefficient of ln S&G is expected to correlate negatively with the dependent. 
As the result of an intense advertisement, naturally, the quantities sold are larger; 
therefore, the product price might inch lower as a consequence. Bagwell and Ramey 
(1988) suggested that it is efficient for the incumbent to combine the limit pricing 
strategy with a second signal –advertising beyond the level that would prevail in the 
absence of informational asymmetry. Therefore, additionally, because ln S&G is a proxy 
for instrument of predation, the negative coefficient will give support to limit pricing 
theory, as well.  

The controls in supply equation are generic competition proxy variables, such as 
PDS and BGC dummies. I have not included in supply equation the BBC variable that 
controls for brand competition. The entry of another branded biologic drug for the 
same disease category, arguably, is irrelevant to the analysis in brand-generic 
competition. The assumption is that two brands do not engage in price wars based on 
the fact that after the transition of the Medicare Part B reimbursement scheme from 
AWP to ASP+6% in January 2005, brands have lost incentives to cut prices under the 
ASP system. For the drug manufacturers, after cutting prices temporarily, it would take 
years of small increases to return back to previous price levels (Pink Sheet, 2006, p.11-
12).  Furthermore, I have assumed that the patient population size (PPD) has affected 
the quantity sold, but not the price.   
 
Instrumental Variables Description 
 
 The test examines the quantity and price effects controlling for a differences 
in market structure, and, aims to separate the price impact resulting from generic 
competition by means of estimating how brands prices/quantities respond to the 
availability of cheaper biosimilars. Because of the simultaneity of the supply and 
demand equations actual values are not used in regressions, instead, they have been 
replaced with instruments.  The specifications are estimated using OLS along with two 
stage simultaneous equation method, with the instruments for price in the demand 
equation and for quantity in the supply equation. Berry, Levinsohn and Pakes (1995) 
used as instruments the cost shifters and rival products characteristics. The 
pharmaceutical products characteristics are difficult to assert for the econometrician.  
And, because I am trying to identify the effect of the substitutes on the prices of brands, 
I can’t use prices of the substitutes, either. Yet, I posit that the lnR&D satisfies the 
conditions necessary for a valid instrument as a “cost shifter” for the price in demand 
equation.  First, the price of a drug is expected to increase in the increasing of R&D 
costs, because those costs needed to be recouped to justify the investment.  Second, the 
R&D is uncorrelated with the quantity because these costs occur before the 
manufacturing begins (sunk costs). 

The exogenous variables BBC and PPD, which are the general demand variables 
that shift the demand curve, are instruments for quantity in supply equation. The 
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motivation for the instrument is that, simply, by construction BBC is a fraction of all 
brand biologics competing for the same disease category patients.  The variable BBC 
equals 1/X, where X is the number of brand drugs in the same therapeutic class. The 
smaller the BBC number, the smaller the quantities sold. The second instrument for 
quantities is PPD (patient population dummy), that is a rogue approximation for 
market size, therefore, also, correlates with the quantities sold, and is a viable 
instrument. However, to be valid instruments, BBC and PPD must also be uncorrelated 
with the price.  The BBC is not correlated with the price because of the assumption that 
two brands do not engage in price wars (post- January 2005 changes in the 
reimbursement rules), and, that the entry of another branded biologic drug for the 
same disease category but different mechanism of action is not competing for the same 
cohort of patients, as generic biologic does, and, thus is irrelevant to the brand/generic 
competition. Likewise, PPD uncorrelated with the price, but only the quantity sold; it 
includes all patients for the particular disease indication universe, such as the patients 
who are not using this particular biologic, but perhaps, only a competitors’ product. For 
the robustness of the results, supply and demand equations are estimated also using 
the instruments generated from reduced form equations, as in Phillips (1995). The 
instruments for the price in demand equation are all exogenous variables from supply 
equation, and the instruments for the quantities in the supply relationship are 
exogenous variables from the demand equation.  

To test the validity of instruments the reduced forms of equations are estimated 
(equations 3 and 4) and Hausman tests are preformed. First the price and quantity 
variables are regressed on all exogenous variables and the instruments using OLS, and 
residuals are saved (1st stage). In the second stage, the fitted values are included as 
additional regressors in the estimated demand and supply equations.  
 Reduced form (1st stage) of supply equation 
 
ln P = β0 +β1 ln R&D + β2 ln PPD + β3 BBC + β4 PDS + β5 BGC+ β6 ln S&G + β7YRD + u 
(3) 
 
Reduced form (1st stage) of demand equation 
   
LnQ = α0 + α1lnR&D + α2 ln S&G + α3 PPD + α4 BBC + α5 BGC + α6 PDS + α7YRD +e 
(4) 
 

YEAR dummy. To control for the year of observation, in each regression has 
been included a year dummies. The estimation approach was Pooled cross section over 
time (see Wooldridge, 2002). 
 

IV. B.2.To empirically test the “toughness” of the competitive strategies of 
brands that are face generic substitutes, I have compared the strategies of the two 
groups. These two groups reflect difference in product-market environment, i.e. lone 
brands vs. these brands that already facing generic competition. The generic 
substitutes’ presence on market poses a threat to profits of a brand (Berndt at all, 2007) 
and causes a brand to commit behaving more aggressively. Conversely, the lone brands 
whose profits are not threatened by generics can have an easier life.  The differences in 
the coefficients in these two sup-groups are expected to capture the generic 
competition’s impact on profits of a brand, i.e. quantities sold, and, possibly, a brand’s 
prices.  The pooled cross-section regressions are estimated employing the system of 
supply and demand equations. Similar to the earlier tests, the instruments for the price 
and quantity have taken the place of the actual values. 

 
LnQ =  α0 + α1lnP + α2 ln S&G + α3 PPD + α4 BBC + α5 PDS + α6 YRD +e  (5) 

 ln P= µ0+ µ1lnQ+ µ2 ln R&D+ µ3ln S&G + µ4PDS + µ5YRD+ n   (6)  
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While the comparison of the coefficients of the two sub-groups provides 
important insight on the “toughness” of behavior of these brands that are facing generic 
competition, it is limited. When measuring effects of strategic behavior on product-
market using comparison across firms there is always a suspicion that controls used in 
the analysis are not always exhaustive. These concerns are mitigated by identification of 
the strategic effect coming from the interaction with state of the generic competition. 

To further investigate the effect, and to separate price and quantities differences 
resulting from differences in competitive behavior I have constructed the interaction 
variables of ln S&G and BGC ( the presence of generic competition dummy), as well as 
interaction of lnR&D with BGC and have estimated the whole the sample of 438 
observations. In this specifications (see equations 7 and 8), the “toughness of behavior” 
of the brands is incorporated in several ways.  

 
LnQ = α0 + α1lnP + α2 ln S&G + α3 PPD+ α4 BBC + α5 BGC + α6 PDS + α7 ln 
S&G*BGC+ α8YRD +e    (7) 
 
ln P =β0+β1lnQ+ β2 ln R&D+ β3 ln S&G+ β4BGC+ β5 ln S&G*BGC +β6 ln R&D*BGC+ 
β7PDS + β4 YRD +u    (8) 
 

The instruments of predation lnR&D and lnS&G are included as independent 
variables (signaling), along with the variables that interacting the instruments of 
predation with a generic competition dummy. The specifications, thus, capture whether 
price and quantity also depend on the status of generic competition. A positive 
coefficient of α7 will result when a firm increases its investment in advertising/branding 
subsequent to generic launch (demand equation (7)).  In the supply equation (8), a 
positive coefficient of β6 will indicate intensity of R&D spending (for R&D race theory, 
see Schroth and Szalay, ( 2005)), and a negative coefficient of β5 will result if a firm 
increases its advertisement spending subsequent to the generic entry, as in Phillips 
(1995) who, earlier, isolated the effect of price changes resulting from changes in the 
firm’s capital structure. This test is also similar to Porter (1983) who tested for 
structural change.  This approach is more direct than estimation of two sub-groups, 
because it identifies the effect of predatory strategies and signaling on the quantities 
and prices of biologic drugs that are specifically targeted generic competition. This 
approach is similar to Matsa (2010), who captured the effect of the firms with greater 
union coverage, leading these firms to increase current debt; the interaction provides a 
margin for detecting strategic response s to collective bargaining.  The description of all 
variables is also reported in Table 1. 
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Table 1. Variables Definition and Construction. 
Price (P) The price of one unit of a brand name drug. 
Log 
Price/Ln P 

The variable is the natural logarithm of a price variable. 

Quantity (Q) The quantity of units sold by a brand name manufacturer annually. 
LnQ(uant) Ln Q is the natural logarithm of the quantity sold annually. 
Ln R&D  Research and Development costs are the expenditures that a firm incurs while 

developing new products. This variable represents total annual R&D 
expenditures of a firm and not for one specific drug. 

Ln S&G S&G costs are proxy for the Advertising expenses because the advertisement 
expenses are not separately reported in 10K (annual reports) but bundled into 
Sales and General Administrative expenses. Furthermore, the S&G expenses 
could not be traced to each individual product but are overall annual firms’ 
expenses. 

BBC ‘Between Brands Competition’, is dummy equal 1/X, where X is the number of 
brand name drugs /generic drugs in the same therapeutic class. If a drug has 
no competitors, the BBC equals 1, and if there are five drugs for the same 
disease indication, the BBC equals 1/5. This variable is also utilized in cases 
when multiple generics for the same disease category are on the market. 
 

BGC ‘Brand/Generic Competition’, is the dummy that control for the presence of 
generics substitutes and the competition for the same cohort of the patients’. 
Dummy designated as one, if there are follow-on biologics approved in US/EU 
for each therapeutic class, and zero otherwise. 

PPD Patient Population Dummy is a proxy for a market size of a therapeutic 
category. This variable controls for the variation in the annual sales figures of 
different drugs. The orphan drugs are the drugs that characterized by 
extremely small population of patients, and because of this, high premium on a 
drugs. Dummy equals 1 if a drug has a large patient population worldwide, 
>10,000. A drug that has less than 10,000 patients has dummy designated as 
0. 

PDS Price Discount Dummy variable designated as one if there is a generic 
substitute on the market with the price that is lower that a brand drug price, 
and zero otherwise. 

Year 
Dummy 

The year dummy is the variable that controls for the year of observation. 
Dummy is equal 1 if observations belong to year 2008, and 0, if year 2007. 

lnS&G*BGC 
lnR&D*BGC 

These variables are the interaction terms between the lnS&G and lnR&D 
respectably with Brand/Generic Competition dummy. This variable is 
constructed to pinpoint the effect of the brands predatory strategies targeted 
specifically to generic competitors. 

 
 
V. Empirical Results 
 
 The table 2 presents descriptive statistics of the 438 observation-years 
sample (panel A). In the panel B (not presented here; see the Introduction part) 
reported means of two sub-samples: lone brands and brands that facing generic 
competition. The preliminary examination of descriptive statistics suggests that the 
mean quantity sold, as well as, the mean prices are higher of the lone brands. The 
means lnS&G and lnR&D are lower for the group with brands facing generic 
competitors, because, that group also includes the generics observations. As a general 
rule, generic firms are smaller, and do not invest in the R&D of new products or 
branding, thus, means of this group are lower. 
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Table 2: Summary Statistics for the Variables in the Analysis. 
This table presents summary statistics for the variables used in the analysis.  lnPrice 
and lnQuantity are dependent variables, and the rest are independent variables. The 

data set is cross-sectional, the total number of observations-years is 438; the period is 
2007 to 2009. 

Variable  Min Max Mean St. Deviation Frequency 
% 

Price 0.00 19000.00 1106.49 1861.35  
ln P -0.30 9.85 5.9535 1.92036  
Quantity 0.00 1998.06 33.8415 182.0732  
ln Q -8.24 7.60 -0.5436 2.85432  
R&D 0.00 1.33E10 1.9412E9 3.03088E9  
ln R&D 0.00 23.31 16.3508 7.39675  
S&G 0.00 2.15E10 3.3444E9 5.37694E9  
Ln S&G 0.00 23.79 16.7478 7.58587  
BBC 0.10 1.00 0.3594 0.32527  
BGC 0.00 1.00 0.3311 0.47113 33.11% 
PPD 0.00 1.00 0.9110 0.28513 91.10% 
PDS 0.00 1.00 0.3037 0.46036 30.40% 
YRD08 0.00 1.00 0.3333 0.47194  
YRD09 0.00 1.00 0.3311 0.47113  
 

 
 
            V.1 The results show support to the signaling hypothesis. The OLS and 2SLS 
estimation results are both significant. The key variable of interest in demand equation 
is ln S&G that is a proxy for intense advertising; the coefficients are statistically 
significant and positive as expected (t-statistics are:  2.881; 2.229; 2.565). The evidence 
suggests that brands use intense advertising to signal superior quality of its product 
and branding. The coefficients of control variables BGC and BBC variables are negative, 
along with expectations, and are statistically significant. Both types of competition 
affects the quantities of brand’s prescriptions sold, yet, the coefficients of BGC (proxy 
for generic competition) are higher suggesting a more damaging effect. Coefficient of 
LnP is significant and negative; indicating that price elasticity of demand for biologics 
is inelastic. Results are reported in Table 3. 
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Table3 
This table reports the results of the demand equation estimations. The equations are estimated 
with OLS and 2SLS methods of pooled cross-section regression.  The number of observations-

years is 438, the period is 2007 to 2009. In all columns the dependent variable is ln Quantity. In 
the first column reported results of estimates with the instrument for the lnPrice is lnR&D. In 2 

and 3 columns, the instruments are predicted values which are generated from the supply 
equation (reduced form). T-statistics are in parentheses. Statistically significant coefficients are 

in bold. 
Variables Ln Q  

Est/with 2SLS 
lnQ  
est/ with OLS 

lnQ  
est/ with 2SLS 

Constant 4.659 
(4.301) 

5.230 
(3.247) 

4.286 
(4.045) 

Ln Price -0.954 
(-5.309) 

-1.036 
(-3.987) 

-0.883 
(-5.065) 

lnS&G 0.058 
(2.881) 

0.061 
(2.229) 

0.052 
(2.627) 

BBC -1.645 
(-4.343) 

-1.832 
(-3.767) 

-1.710 
(-4.525) 

BGC -2.175 
(-5.420) 

-2.326 
(-4.389) 

-2.215 
(-5.512) 

PPD 0.786 
(1.809) 

0.568 
(0.934) 

0.866 
(2.011) 

PDS 0.413 
(1.008) 

0.961 
(1.799) 

0.458 
(1.117) 

YRD7  0.125 
(0.404) 

 

YRD9  0.397 
(1.262) 

 

R Square 
Adj. R Square 

0.388 
0.378 

0.264 
0.249 

0.384 
0.374 

 
 

            The signaling hypothesis is also supported by estimates of supply equation. The 
coefficients of the key variables lnR&D and lnS&G are correct signs and significant. The 
coefficients of lnR&D are positive (t-statistics: 4.323; 3.076; 4.356) validating the 
prediction the brands use heavy spending (R&D race theory), as in Schroth and Szalay 
(2005) and Riley (2001) to develop new drugs, as well as, to signal high cost of entry 
and doing business. 
            Coefficients of the advertisement proxy variable’s (ln S&G) are negative (t-
statistics: 3.638; -2.565; 3.671) and significant, as expected. Naturally, as a result of an 
intense advertisement, the quantities sold are larger; thus, the price might inch lower 
as a consequence; it justifies the negative coefficient.  Alternative explanation is that 
brand uses the  limit pricing strategy, as in Bagwell and Ramey (1988)and Harrington 
(1986), when combined with the second signal –advertising beyond the level that 
prevail in the absence of informational asymmetry. Brand might choose to cut prices 
for selected customers, such as federal government programs such as Medicare, 
Medicaid, or hospitals, for instance. The results reported in Table 4. 
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Table4 
This table reports results of the estimations of supply equations. The dependent variables in all 

columns are Ln Price.   The number of observations-years is 438; the time frame is 2007 to 
2009. In the first column the instruments for quantity are the variables BBC and PPD. In the 2 

and 3 columns instruments are the predicted values generated from the reduced form of 
demand equation. T-statistics are in parentheses. Statistically significant coefficients are in 

bold. 
Variables lnPrice  

est/ with 2SLS 
lnPrice  
est/ with OLS 

lnPrice  
est/ with 2SLS 

Constant 4.705 
(26.561) 

4.668 
(18.492) 

4.704 
(26.555) 

Ln Quantity -0.444 
(-8.308) 

-0.405 
(-5.844) 

-0.440 
(-8.247) 

Ln R&D 0.483 
(4.323) 

0.440 
(3.076) 

0.487 
(4.356) 

Ln S&G -0.396 
(-3.638) 

-0.357 
(-2.565) 

-0.400 
(-3.671) 

BGC -0.518 
(-1.818) 

-0.618 
(-1.855) 

-0.509 
(-1.786) 

PDS -0.233 
(-0.868) 

-0.140 
(-0.462) 

-0.237 
(-0.882) 

Year 07  0.039 
(0.195) 

 

Year 09  0.307 
(1.549) 

 

R Square 
Adj.R Square 

0.384 
0.376 

0.243 
0.231 

0.383 
0.375 

 
 
  
           The supply and demand specifications are estimated with OLS as well as two 
stage least squares regressions, and the Hausman test also performed to test the 
validity of the instruments. Because of simultaneity of supply and demand actual values 
are not used as estimators, instead they have been replaced with the instruments. The 
coefficients of proposed instruments are not zero and significant (the Hausman’s 1st 
stage) indicating validity of the instruments.  The results of the Hausman tests yield the 
similar to the OLS and 2SLS results; the residual coefficient is zero in supply equation 
and insignificant in the demand equation. The results are reported in Table 5. 
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Table 5 
This table reports the results of estimations of the reduced forms regressions: demand equation 

(column 1) and the supply equation (column 2).  Hausman (2nd stage) are reported in 3 and 4 
columns. Ordinary Lest Squares estimates of pooled cross-section regression are reported. The 
number of observations- years is 438; the period is 2007 to 2009. In column 1 the dependent 

variable is ln Price, and in the second column dependent is ln Quantity. The predicted values of 
the both equations are saved and used as instruments for the lnQuantity in the supply equations 
and for ln Price in the demand equations. T-statistics are in parentheses. Statistically significant 

coefficients are in bold. 
Variables Ln Price Ln Quantity Ln Quantity Ln Price 
Constant 5.494 

(11.726) 
-0.463 
(-0.631) 

4.349 
(3.600) 

4.871 
(25.779) 

Ln Price   -0.933 
(-17.287) 

 

Ln Quantity    -0.443 
(-17.278) 

Ln R&D 0.776 
(6.028) 

-0.804 
(-3.987) 

 0.485 
(4.357 

Ln S&G -0.677 
(-5.386) 

0.763 
(3.865) 

0.061 
(3.004) 

-0.395 
(-3.638) 

BBC 0.594 
(1.996) 

-2.447 
(-5.376) 

-1.618 
(-4.438) 

 

PPD -1.262 
(-3.765) 

1.876 
(3.667) 

0.826 
(1.811) 

 

BGC 0.494 
(1.765) 

-2.838 
(-5.424) 

-2.154 
(-5.422) 

-0.523 
(-1.832) 

PDS -0.543 
(-1.844) 

1.060 
(2.009) 

0.423 
(1.041) 

-0.207 
(-0.770) 

Year 07 -0.029 
(-0.147) 

0.155 
(0.502) 

0.115 
(0.495) 

-0.324 
(-2.013) 

Year 09 0.246 
(1.245) 

0.142 
(0.462) 

0.412 
(1.748) 

-0.358 
(-2.289) 

Residual   0.043 
(0.212) 

0.000 
(0.003) 

R Square 
Adj. R Square 

0.248 
0.234 

0.264 
0.249 

0.588 
0.578 

0.588 
0.580 

 
 

V.2.To further investigate the “toughness” of the brands’ strategic behavior, I 
have compared the coefficients of two clusters: lone brands and brands that facing 
generic competitors. As hypothesized, the generic substitutes presence on market poses 
a threat to brands’ profits (see Berndt at all, 2007) and causes a brand to invest more in 
the product development and branding;  because those brands that are more vulnerable 
to the “profit destruction”. Conversely, the lone brands that’s profits are not threatened 
by generics might have an easier life. The findings validate this prediction as well. The 
side by side comparison of the demand equation estimates of the two sub-samples 
indicates that in the ‘brands only’ sub-sample, the coefficients of the lnS&G are smaller 
and statistically insignificant. Yet, in the ‘brand and generic’ sub-sample, coefficients 
are larger and statistically significant, indicating importance advertising strategies for 
brands that facing generic competition. Results are reported in Table 6. 
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Table 6 
This table reports results of the estimations of the demand equations of the two sub-samples; 

that allows comparing the coefficients of the key variables and pinpointing differences between 
them.  The dependent variables in all columns are lnQuantity. In the columns 1 and 2 reported 

results of the sub-sample of lone brands, and in columns 3 and 4 reported results of estimates of 
sub-sample of the brands which are already face the generic competition.  LnPrice values have 

been replaced by the instruments, generated from the reduced form of supply equation. The 
total number of observations-years in brands only sub-sample is 270, and in sub-sample of 
brands that are face generic competition is 168; the period is 2007 to 2009. The presented 
results are estimated as the pooled cross-section regression; t-statistics are in parentheses. 

Statistically significant coefficients are in bold. 
Variables Ln Qnty  

Est/with 2SLS 
lnQnty  
est/with OLS 

lnQnty 
 est/with 2SLS 

Ln Qnty  
est/with OLS 

Constant 8.468 
(6.759) 

8.902 
(4.761) 

-3.334 
(-2.332) 

-3.979 
(-2.721) 

Ln Price -1.446 
(-6.151) 

-1.590 
(-4.220) 

-0.237 
(-1.199) 

-0.220 
(-1.139) 

lnS&G 0.032 
(1.047) 

0.054 
(1.047) 

0.057 
(3.493) 

0.057 
(3.437) 

PDS -1.257 
(-1.513) 

-0.714 
(-0.603) 

0.669 
(2.284) 

0.708 
(2.325) 

BBC -0.600 
(-1.216) 

-0.409 
(-0.550) 

-1.804 
(-2.391) 

-1.797 
(-2.284) 

PPD 0.083 
(0.170) 

-0.072 
(-0.101) 

2.798 
(4.090) 

2.804 
(3.948) 

Year 08  0.011 
(0.027) 

 0.873 
(2.795) 

Year 09  0.341 
(0.775) 

 0.695 
(2.238) 

R Square 
Adj.R Square 

0.462 
0.451 

0.298 
0.279 

0.296 
0.278 

0.245 
0.212 

 
 
 

Similarly, in the supply equation, the key variables lnR&D and lnS&G are 
significant and correct sign in the sub-sample of brand facing generic competition; yet, 
substantially smaller and insignificant (though correct sign) in the sub-sample of lone 
brands. The findings suggest that, perhaps, the ‘lone brands’ are not motivated to 
commit to behave aggressively and invest in the advertising/branding beyond the level 
that prevail;  neither engage in the “R&D race”, unlike the brands that are facing the 
generic competitors. The results are similar across estimations with generated 
instruments (from reduced form) and different estimation methods (OLS and 2SLS). 
The results of the supply specification estimates reported in Table 7. 
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Table 7 
In this table reported results of two samples of pooled cross-section regressions estimations of 

the supply equation. The dependents in all columns are lnPrice. In the columns 1 and 2 are 
reported results of sub-sample of lone brands, and in columns 3 and 4 are reported results of 

estimates of sub-samples of brands which are already face the generic competition.  Ln Quantity 
values have been replaced by the instruments, generated from the reduced form of demand 

equation. The number of observations-years in sample of lone brands is 270, and in the second 
subsample is 168; the period is 2007 to 2009.  T-statistics are in parentheses. Statistically 

significant coefficients are in bold. 
Variables Ln Price  

Est/with 2SLS 
Ln Price  
est/with OLS 

Ln Price  
est/with 2SLS 

Ln Price  
est/with OLS 

Constant 5.500 
(20.650) 

5.285 
(11.252) 

5.275 
(13.355) 

5.161 
(12.254) 

Ln Quantity -0.580 
(-10.503) 

-0.566 
(-6.751) 

0.046 
(0.345) 

0.044 
(0.280) 

PDS -0.800 
(-1.496) 

-0.825 
(-1.030) 

-0.394 
(-1.593) 

-0.459 
(-1.787) 

lnS&G -0.004 
(-0.037) 

-0.013 
(-0.079) 

-1.486 
(-5.920) 

-1.611 
(-6.274) 

lnR&D 0.041 
(0.358) 

0.057 
(0.335) 

1.585 
(6.154) 

1.712 
(6.499) 

Year 08  0.006 
(0.022) 

 0.161 
(0.556) 

Year 09  0.247 
(0.895) 

 0.321 
(1.245) 

R Square 
Adj.R Square 

0.465 
0.456 

0.283 
0.267 

0.296 
0.278 

0.302 
0.276 

 
 

Further, to identify the strategic effect that caused by generic competition, I 
have interacted the instruments of predation variables with the dummy (BGC) that 
equals one if generic substitutes are available. The interaction terms captures generic 
presence and, apparently, leading these firms to intensify their advertisement and new 
product development and reformulations. Consistent with the second hypothesis, the 
coefficients of the interaction term lnS&G*BGC are positive and both statistically and 
economically significant in the demand equations, while the coefficients of non-
interacted advertisement proxy in demand equation turn weak. The results support the 
prediction that brands that are facing generic competition, to avoid profit destruction, 
use advertising above the level that would prevail without generics on market. Likewise 
in the supply equation, the coefficients are positive for the lnR&D*BGC interaction 
term and negative for lnS&G*BGC, as predicted, and both are significant; those 
coefficients are also larger than non-interacted coefficients of lnR&D and lnS&G.  The 
interaction provides a margin for detecting strategic responses to generic competition, 
while in the two separate sub-samples this effect is not clearly identified. The results 
are reported in table 8. 
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Table8 
This table reports result of tests of regressions that are include the interactions terms to identify 
specifications. The equations are estimated with OLS and 2SLS methods of pooled cross-section 
regression.  The number of observations-years is 438, the period is 2007 to 2009. The first two 

columns report results of the demand equations, the dependent is lnQuantity. The last two 
columns report results of the supply equations, the dependents are lnPrice. The instruments for 

the price and quantity are predicted values that are generated from reduced form s of supply 
and demand equations. T-statistics are in parentheses. Statistically significant coefficients are in 

bold. 
Variables lnQ  

est/with OLS 
lnQ  
est/with 2SLS 

Ln Price  
est/with OLS 

Ln Price  
est/with 2SLS 

Constant 7.223 
(4.541) 

6.021 
(6.104) 

4.407 
(13.321) 

5.318 
(19.784) 

Ln Price -1.040 
(-4.158) 

-0.930 
(-5.675) 

  

Ln Quantity   -0.416 
(-6.015) 

-0.476 
(-8.713) 

Ln S&G -0.047 
(-1.443) 

-0.032 
(1.267) 

-0.189 
(-1.278) 

-0.221 
(-1.935) 

Ln R&D   0.283 
(1.857) 

0.269 
(2.242) 

BBC -1.677 
(-3.578) 

-1.529 
(-4.284) 

  

BGC -5.398 
(-7.208) 

-4.737 
(-8.280) 

-0.111 
(-0.229) 

-1.407 
(-2.965) 

PPD 0.565 
(0.965) 

0.831 
(2.025) 

  

PDS 0.281 
(0.537) 

0.267 
(0.686) 

-0.184 
(-0.613) 

-0.362 
(-1.414) 

lnR&D*BGC   1.111 
(2.947) 

1.487 
(4.841) 

lnS&G*BGC 0.196 
(5.602) 

0.162 
(6.237) 

-1.108 
(-3.016) 

-1.387 
(4.680) 

Year 07 0.093 
(0.312) 

 0.055 
(0.276) 

 

Year 09 0.111 
(0.363) 

 0.366 
(1.850) 

 

R Square 
Adj. R Square 

0.320 
0.304 

0.459 
0.449 

0.261 
0.245 

0.416 
0.405 

 
 
VI. Practical Implications, Contributions and Conclusions 
 
VI.A. “Biologics Price Competition and Innovation Act” and ‘Bargaining 
over conditions of trade’ theory’s practical implications  
 

The results suggest that brands use the “financial muscle” to remain 
competitive. Yet, the findings are, also, economically significant. Though the drugs 
prices are not regulated in US; the approval and marketing of drugs is strictly 
regulated. Under the umbrella of the Heath Care Reform has been passed the Biologics 
Price Competition and Innovation Act that extended the biologic drugs patents’ market 
exclusivity protection to twelve years from the only 5 years of exclusivity allowed to 
pharmaceutical (chemical) drugs. The twelve years of exclusivity extension will allow 
brands to charge higher (monopoly) prices for a longer period of time, which might not 
be possible if facing cheaper priced generic competition. Furthermore, the generic 
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biologics are required to conduct clinical trials prior to approvals while chemical 
generics are not.  Arguably, ‘bargaining over conditions of trade’ with the 3rd party 
(regulator) has resulted in the tougher rules for approvals of generic biologic drugs.  
Spulber (1989); Perotti and Spier (1993); Spiegel and Spulber (1994) and Matsa (2010) 
have studied the “bargaining over conditions of trade” issues (Tirole, 2006). For 
example, in (Spulber, 1989) the negotiations take place between the utilities firm’s 
consumers and the regulator; the regulator can exercise considerable discretion in the 
rate-setting process. Spiegel and Spulber (1994) argue that regulated utilities have an 
incentive to increase leverage to elicit greater retail prices from regulators. It is 
important, because the regulator’s pricing policy affects the firm’s expected earnings 
(Spiegel and Spulber (1994). For pharmaceutical industry, a regulator (the 3rd party) is 
also the major customer (government) via federal programs (such as Medicare, 
Medicaid).  Because of the ability to negotiate reduced procurement prices for 
Medicare, Medicaid programs, brands use the existing customer-supplier relationship 
as bargaining power to elicit the passage of law in the form that is favorable to brands.  
Below is an excerpt from WSJ (June 23, 2009) article by L. Meckler and A. Mundy, 
“Concessions Could Benefit Drug Industry”. 
 

“The pharmaceutical industry agreement to contribute $80 billion over 10 years to a 
proposed health care overhaul could yield new business for drug makers, and provide 
them more certainty about how big a hit they’ll take from government cost cutting”.  
An estimated $30 billion (of that amount) will help pay for a new program that 
discount brand-name drugs for senior citizens who fall into a gap in Medicare 
prescription drug coverage , commonly known as the “doughnut hole”, a White House 
official said.” 
The new program –offering brand-name drugs at half price –could create new 
business for the industry while also providing seniors with price breaks. Under the 
deal, these seniors can buy brand-name drugs at 50% off. It would be a loss if a senior 
currently was paying full price, but a win if a senior was not buying brand name 
products at all. The $30 billion represents the approximate lost revenue from all 
prescriptions filled by this group.” The proposal will ultimately discourage patients in 
doughnut hole form switching to generics, Scott Gottlieb said, because their out-of-
pocket costs for brand name drugs will be less.” 
 “Another idea currently under active discussion was imposing lower prices on drugs 
purchased through Medicaid program.” Some left with impression “that the entire 
amount ($80B) would be eaten up by Medicare drug discount program.” (Note: That 
number is now $120Billion, according to recent data from Congressional Budget Office 
(CBO Report, 2011)) 
The concessions give drug makers certainty about how much they will be expected to 
contribute to the government spending cuts, and help them fend off other proposals 
floated in Congress, such as taxing the costs of direct-to-consumer advertizing.” 
“Apparently, the industry feels that these concessions are manageable and will allow 
them to maintain credibility with Congress and White House while preserving, and 
potentially expanding the number of prescriptions written”. 

 
 
VI.B. Conclusion  
 

This paper investigates biologic drug manufacturers’ strategies in the face of 
incoming generic competition. Specifically, the interest lies in how generic competition 
affects the corporate finance (investments) decisions of the firm.  

I examine firms’ investment in R&D and advertising/branding -the instruments 
of predation, to deter the generics from entry. Brands indicate that the costs to develop 
new drugs are high (R&D race theory), to signal high barriers to entry and doing 
business; and use the intense advertising to signal their product superiority.  
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Research Question: Credibility of signaling is examined in framework of 
corporate finance theories of predation and profit destruction: a firm’s commitment to 
be tough – to behave aggressively in order to deter potential entrants. 
  The results suggest that the brands commit to behave aggressively and use 
predatory strategies if face with generic entrants. To identify the profit destruction 
hypothesis I have compared two-subgroups: the lone brands and the brands that are 
facing generic competitions. The findings support the prediction that the brands that 
are facing generic competition are, indeed, using “tougher”, more aggressive strategies 
in order to avoid “profit destruction”, unlike those brands that do not face generic 
competition can enjoy an easier life.  

The results are not only empirically but also economically significant. Arguably, 
the final version of the Biologics Price Competition and Innovation Act passed in 2010 
could be credited to brands’ use of their “financial muscle”.  Regardless of the pipelines 
of biosimilar products currently in development, generic manufacturers are not allowed 
to file applications for four years, or to launch for twelve years from the date when a 
brand’s Biologic License Application has been approved by the FDA. In fact, now for a 
generic manufacturer to launch its product sooner, it will need to challenge and 
invalidate a brand drug patent in court.   
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