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Abstract  

 
Purpose of the study: How to best structure an IP licensing agreement taking account of 

embedded optionalities and other terms negotiated between licensor and licensee via a case 

study involving a prototypical options-based business model (biotech industry). 

Methodology: Binomial lattice simulation. 

Findings: It shows how IP management practices would change depending on who pays 

for the development costs, controls the continuation/development or abandonment option and 

thereby appropriates most of the embedded option’s value. It presents alternative (iso-value) 

menu licensing term choices (different combinations of royalty vs. fixed upfront fee or 

milestone payments) that are fair and optimal in properly accounting for the optionality 

embedded in R&D development and related licensing structures. 

Research limits: An extension of our study lies in the collection of a dataset of 

remuneration structures of (market-based) licensing transactions in the biotech-

pharmaceutical industry so as to empirically validate our pricing technique. 

Practical implications: Real options thinking leads to different perspectives on how 

patent licensing agreements should be structured properly accounting for which party 

controls the embedded optionality. 

Originality of the paper: It proposes a comprehensive real options approach to: (a) 

appraise the IP asset capturing the value of optionality embedded in the underlying drug 

R&D program; (b) consider licensor and licensee perspectives in negotiating the terms of the 

IP licensing agreement, providing guidelines on how to determine its optimal remuneration 

structure reflecting a fair sharing of project value and embedded optionality among the 

parties; (c) offer a tool for IP portfolio management that helps a licensor prioritize internal 

R&D projects accounting for managerial flexibility and optimal licensing design under 

uncertainty.  
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1. Introduction 
 

Licensing has become a common tool for managing and leveraging IP assets 

beyond organizational boundaries (Arora and Fosfuri, 2003; Chesbrough, 2003; 

Arora and Ceccagnoli, 2006)
1
. In particular, licensing has spread out in the bio-

pharmaceutical industry as a way to conduct research and development (R&D) 

activities beyond organizational boundaries via exchange of patented (or patentable) 

results. In 2008, the potential value of licensing-based strategic alliances involving 

US biotechnology and pharmaceutical firms reached the record level of $ 30 billion, 

being mostly driven by biotech-biotech deals, and the European market, after a 

steady growth in prior years, was worth almost half the one in US ($ 13 billion) 

(Ernst & Young, 2009). Yet, if compared to many other industrial sectors, the bio-

pharmaceutical industry has been late in outsourcing R&D, with the main reasons 

being (a) the lack of confidence in partnering and (b) the fear of losing control over 

the innovation process. At the same time, high and sustainable levels of corporate 

profitability have ended up not exerting enough  financial pressure to implement 

cost reduction and encourage the outsourcing of parts of non-strategic operations.  

Two key factors have contributed to propel the diffusion of licensing activity in 

the bio-pharmaceutical industry. First, pharmaceutical firms have experienced a 

huge decline in R&D productivity over the last decade (with rises in R&D expenses 

being converted into less and less marketable products), which have driven them to 

pursue an outsourcing strategy looking at external services provided by third parties 

to bring a drug through the various stages of its development (discovery, pre-

clinical, and clinical testing). As a result, as many large pharmaceutical companies 

struggle to fill their product pipelines, they increasingly leverage their relationships 

with smaller biotechnology firms to ask for the provision of innovative and novel 

therapeutic approaches rather than relying on their in-house R&D capabilities. This 

allows pharmaceutical firms to focus and further strengthen their core business 

operations (e.g., manufacturing, distribution, marketing and sales). Second, the cost 

of drug development has increased due to (i) the need for sophisticated and 

dedicated production facilities required by the new generation of biochemical 

pharmaceuticals, (ii) a tightening in the existing regulation, (iii) the call for huge 

marketing efforts and investments to launch new products on a worldwide basis. 

Such changes to the industry structure prevent biotechnology companies from 

manufacturing and distributing their novel compounds internally and prompt them to 

offer licensing-in opportunities to pharmaceutical players.  

 

                                                                 
1  Taylor and Silbertson (1973) and Caves, Crookell and Killing (1983) provide the very 

first evidence on the diffusion of licensing agreements across different industries in the 

U.S., Canada and the UK. Granstrand (1999) defines the notion of license as “a 

permission granted by an IPR holder, the licensor, to another legal entity (person or 

company), the licensee, to make use of, sell or otherwise benefit from the underlying IPR 

under certain restrictive conditions”.  
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The following statistics clearly reveal the above mentioned industry trends about 

the growing impact of licensing transactions. 38% of the 691 new chemical 

compounds approved by the FDA between 1963 and 1999 were licensed-in (DiMasi, 

2001). In 2000, all of Bristol-Myer Squibb’s blockbluster products were the result of 

licensing-in activity (MedAd News, 2000). In 2001, 9 of the top 10 pharmaceutical 

companies licensed-in more than 40% of their newly marketed molecular entities, 

consisting mostly of compounds in Clinical Phases I and II (Cap Gemini Ernst & 

Young, 2001). Indeed, in 2001 GlaxoSmithKline licensed-in 9 compounds, and in 

2002 Merck reviewed thousands of licensing opportunities completing 32 deals 

(Drug Week, 2003). In 2005, the global R&D was expected to grow approximately 

5% per year in the next five years and the outsourced part to grow twice as rapidly 

(+10,7%), accounting for 35% of the total R&D market in 2010 (€ 26 billion) 

(Societé General Equity Research, 2005). 

This article deals with how to best structure an IP licensing agreement taking 

account of embedded optionalities and other terms negotiated between licensor (LR) 

and licensee (LE), presented in the context of an illustrative case study involving a 

French biotech, Cerep. The case study highlights the practical relevance in 

structuring a licensing deal of an options-based business model and related IP 

management practices. There are two main contributions: (1) illustrating the use of 

real options logic and methodology to value actual licensing situations for IP 

managers and (2) examining how perspectives and negotiation practices between LR 

and LE of IP change under uncertainty in light of  real options theory. Our article 

uses the Cerep company context to show how IP management practices could 

change depending on who pays for the development costs, controls the 

continuation/development or abandonment option and thereby appropriates most of 

the embedded option’s value. It presents alternative (iso-value) menu licensing term 

choices (different combinations of royalty vs. fixed upfront fee or milestone 

payments) that are fair and optimal in properly accounting for the optionality 

embedded in the R&D development and related licensing structures. 

 
 

2. Licensing valuation and structuring challenges 
 

Licensing agreements in the bio-pharmaceutical industry are technology-based 

transactions allowing for the exchange of patented (or patentable) R&D results with 

no previous business history (Razgaitis, 2003). They serve as a risk-sharing 

mechanism enabling parties to split the risks associated with R&D operations and 

exploit their respective comparative advantages. Technical risks deriving from the 

execution of advanced drug development are transferred from the licensee to the 

licensor. Marketing and commercialization risks are allocated to the licensee, with 

the licensor no longer being involved in the activities of advertising, distributing and 

selling the drug subject to the licensing agreement. 
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Accurate valuation of all opportunities embodied in a licensing agreement is 

important for conducting an effective negotiation between the parties.
2
 Appraisal 

and negotiation are made even more difficult by the complexity of the remuneration 

structure used in industry transactions (Anand and Khanna, 2000; Bessy et al., 

2004). More specifically, licensing contracts studied in the management literature 

have evolved from contracts specifying a single element, either a fee or royalty rate 

(Katz and Shapiro, 1985; 1986) through two-part tariff contracts (Shapiro, 1985; 

Macho-Stadler et al., 1996; Jensen and Thursby, 2001), to contracts with more 

elements (Thursby et al., 2005). It has been demonstrated that a three-part tariff 

contract structure with a milestone payment is superior to the generally studied two-

part tariff (Crama et al., 2008). A three-part tariff licensing contract structure is thus 

commonly applied in practice (Hall, 1991; Elfenbein, 2007). Typically, the licensee 

(pharmaceutical firm) acquires access to the IP rights in exchange for making a 

series of fixed (upfront fee, milestones) and use-based (royalty) payments to the 

licensor (biotech firm) as compensation for drug development (Layne-Farrar and 

Lerner, 2006). Licensing agreements contain a down payment upon the signature of 

the contract (upfront fee) (Kamien and Tauman, 1984, 1986; Kamien, et al. 1992), 

lump-sum payments on successful completion of specific milestones (milestone 

payments)
3
, and regular scheduled payments tied to future drug sales or other 

measures of performance for the technology being licensed (royalties) (Katz and 

Shapiro, 1985; Gallini and Wright, 1990; Beggs, 1992; Bousquet et al. 1998; 

Hernandez-Murillo and Llobet, 2003; Jensen and Thursby, 2001; Thursby et 

al.,2005). However, remuneration structures may significantly vary in the industry 

practice. Several types of licensing deals result from different combinations of fixed 

and use-based payments. One can have the licensing-based alliance between 

Genzyme and ISIS (both biotechnology companies based in US) that included the 

largest up-front payment of 2008 (an upfront fee worth $ 325 million paid for 

licensing technology and acquiring an equity stake), or the Celgene’s transaction 

with the privately-held Acceleron Pharmaceuticals, which was tending more toward 

future milestones.  

                                                                 
2  Some models have been developed for valuing licensing deals and facilitating 

negotiations. Ruback and Krieger (2000) propose a decision analysis model to appraise a 

licensing contract without accounting for the entire problem solving process (from data 

collection to model design and implementation, including negotiation support). Crama, et 

al. (2007) develop a valuation model using NPV, decision analysis and Monte Carlo 

simulation to assess the value of an R&D project carried out by a biotech company 

providing insights into the most appropriate licensing contractual structures and hints for 

negotiations. 
3  Thursby et al. (2005) suggest that milestone payments should complement royalties to 

allow a risk-averse licensor to hedge herself against the risk of successfully completing a 

technology that has no commercialization potential. Both milestone payments and 

royalties (Macho-Stadler et al., 1996) ensure that the licensor cooperates with the licensee 

in developing the licensed technology, thus helping to prevent the former’s defection in 

early-stage technology licensing. 
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Deals also differ according to  the degree of collaboration between licensor and 

licensee in (co)developing the candidate drug. In Europe, the 2008 top transaction 

(based on value potential) was the strategic alliance between GlaxoSmithKline and 

Actelion, through which the former acquired the worldwide rights to co-develop and 

co-market Almorexant (the orexin receptor antagonist brought by the latter 

biotechnology company to the Phase III clinical stage for primary insomnia). The 

deal, also ranked as the largest development and commercialization transaction in 

the history of the bio-pharmaceutical industry, was structured to allow 

GlaxoSmithKline (licensee) to commit to the disbursement of 40% of development 

costs within the R&D program led by Actelion.
4
  

In the light of the above industry trends, our study seeks to provide a solution to 

the following challenges related to licensing deal-making: How do licensor and 

licensee decide how to structure a certain agreement? At which payment terms? 

With what roles and responsibilities?  

Negotiations are often based upon the profit split ratio or PSR (the ratio of NPV 

of the R&D program accruing to the licensee to that of the licensor) so the contract’s 

remuneration reflects the PSR’s NPV proportions. A licensing deal based on a 

standard remuneration structure (combining upfront fee/milestone payments with 

royalties) requires determining and apportioning those cash payments to licensor and 

licensee according to the PSR. The profit split ratio is commonly computed on the 

basis of the (passive or static) net present value (NPV) of the R&D program. The 

biotechnology company would license-out the commercial use of one of the 

compounds (and the associated development projects) in its own R&D pipeline to a 

pharmaceutical firm by foregoing the entire project value (- NPV) if this happens in 

exchange for obtaining a fair amount of fixed and use-based cash payments. 

Symmetrically, the pharmaceutical company would be happy to engage in the 

transaction, if the project value to be received (+ V) more than compensates for the 

contract-related and commercialization expenditures. Figure 1 provides a 

straightforward scheme of all cash flows underlying a standard, licensing agreement 

(as described above) and showing the interconnections existing among all  the 

payments. If the profit split ratio (PSR) is defined as: 

 

 

LR

LE

V

V
PSR       (1) 

where: 

                                                                 
4  Such a licensing-based transaction was beneficial to both GlaxoSmithKline and Actelion, 

with the former adding a first-class compound to its pipeline of insomnia drugs and the 

latter gaining access to the development expertise and primary-care commercialization 

platform of its partner while reducing the reliance (in terms of revenues) on its key 

blockbuster drug for pulmonary arterial hypertension (Tracleer). The economic terms of 

the deal consisted of an upfront fee of $139 million, potential milestone payments of up to 

$384 million and royalty-based payments of up to $3.058 billion.  
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LEV  = value to the licensee (LE);  

LRV  = value to the licensor (LR) 

 

and a standard NPV analysis is used, the passive net present value of the R&D 

program is given by the value (upon completion) of cash inflows expected from 

drug sales (V) net of development [PV(D)] and commercialization costs [PV (C)]. 

Such a passive NPV that would accrue to the biotechnology company as R&D 

owner is split between licensor and licensee as a result of the licensing agreement. 

The dotted arrows in Figure 1 correspond to the following conditional NPV 

equation: 

 

    LELR VVCPVDPVVNPVlconditiona  )()(  (2) 

 

Fig. 1: Licensing-Related Cash Flows 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Authors’ Elaborations  

 
Proper valuation of the IP asset (e.g., a patentable compound that, after further 

development, may become a marketable drug) and its associated PSR is crucial. 

However, appraising licensing agreements underlying multi-stage R&D programs, 

such as those conducted in the bio-pharmaceutical industry, poses special challenges 

because of multiple sources of (market and technical) uncertainty that may interact. 

Standard NPV tools that focus on immediate payoffs and ignore key features of the 

underlying R&D activity (exclusivity, irreversibility, uncertainty, staging) are 

unable to effectively assess the full value potential of these IP rights. For instance, 
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under uncertainty the PSR does not properly reflect the value of the physical or 

contractual options embedded in the R&D program or the licensing deal.  

The aim of our study is to present a comprehensive real options approach to: (a) 

appraise the IP asset capturing the value of optionality embedded in the underlying 

drug R&D program; (b) consider licensor and licensee perspectives in negotiating 

the terms of the IP licensing agreement providing guidelines on how to determine its 

optimal remuneration structure reflecting a fair sharing of project value and 

embedded optionality among the parties; (c) offer a tool for IP portfolio 

management that helps a licensor prioritize internal R&D projects accounting for 

managerial flexibility and optimal licensing design under uncertainty. 

 

 

3.  IP licensing and management context: the cerep case study 
 

We analyze practical R&D valuation and licensing structuring problems in a 

managerial context using Cerep, a French biotech firm serving the pharmaceutical 

industry as a strategic partner in drug discovery like our illustrative case study. 

Founded in 1989 with a venture capital backing of $500,000, Cerep grew to become 

a leader in pharmacological profiling services. It operates in two main business 

areas: services (75% of its revenues) and research (25%). In services, Cerep 

developed an integrated, innovative technology platform (Bioprint) for the 

implementation of new drug discovery thus reducing the time and cost involved in 

drug development for its customers (such as Bristol-Myers Squibb, Roche, Pfizer, 

Eli Lilly) via identification of the most promising drug candidates at an early stage 

and efficient elimination of molecules which would not survive the development 

phase.  

As part of its own IP portfolio (research business), in 2005 Cerep gained access 

to an oncology program by acquiring the French biotech company Molecular Engine 

Laboratories (MEL) for €4 million. Cerep was interested in MEL’s innovative 

approach to cancer treatment in tumor reversion, having identified a metabolite of 

the TCTP molecule presenting a more interesting toxicological profile. Its strategy 

was to recover MEL’s project in Phase II by applying the newly discovered 

molecule to five different cancer indications for patients resisting other treatments 

and finding a pharmaceutical company as a licensing partner (with drug launch 

expected seven years from Phase II). Cerep’s case is interesting due to its later 

involvement in proprietary research that enabled management to design a licensing 

strategy and review its IP portfolio.  

To illustrate (a), we perform a real options valuation of Cerep’s MEL oncology 

R&D program and compare it to conventional NPV analysis. 

The terms of the transaction arranged by Cerep to license-out the MEL-related 

molecule to a pharmaceutical partner are summarized as follows (see Panel A, Box). 

Cerep agrees to conduct the development of the candidate drug by going through all 

the remaining stages of the R&D program. The present value (V) of the gross cash 

inflows expected from drug commercialization and conditional on the successful 
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completion of the underlying R&D program is € 222 million
5
. Phase II and Phase III 

will take 3 years to be completed respectively and FDA approval may be granted in 

only 1 year from date of filing. Probabilities of successful completion of each of 

these three stages are 60%, 57% and 90% respectively (reported at the beginning of 

the relevant phase in Panel A, Box). An upfront fee of € 10 million is due to the 

licensor (Cerep) upon signature of the contract. Milestone payments are made by the 

licensee (pharmaceutical company) to Cerep upon successful completion of phase II 

(€ 5 million), Phase III (€ 10 million) and FDA approval (€ 25 million) respectively. 

A total amount of € 27 million is incurred by the licensee to allow Cerep to develop 

the molecule. Allocation of such development expenditures to the various stages of 

the R&D program is the following: € 6 million (Phase II); € 18 million (Phase III); € 

3 million (FDA filing). The pharmaceutical company will also undertake the market 

commercialization of the candidate drug, if all R&D stages are successfully 

completed. The present value of launch and distribution costs that the 

pharmaceutical company will incur over time amounts to € 30 million. The rate on 

the basis of which (after drug market launch) royalty payments are made by the 

licensee to Cerep is 5% (of V). 

If Cerep and its pharmaceutical partner were to apply a standard (static or 

passive) NPV analysis of the licensing situation to determine the PSR based on 

which the remuneration structure of the deal (as presented above) would be 

negotiated, they could elect conditional  or probability-adjusted NPV. The 

conditional NPV [based on equation (2)] is equal to € 173,8 million. The 

probability-adjusted NPV is more sophisticated as it results from multiplying the net 

cash flows accruable to the R&D owner by the (single or cumulative) probability 

associated with the successful completion of all subsequent stages. The probability-

adjusted NPV is € 42,4 million and is apportioned between licensor (€ 24,8 million) 

and licensee (€ 17,6 million) based on a PSR of 0.7.  

Conventional licensing valuation models are static in that they assess licensor and 

licensee’s decisions as to whether to enter the agreement or not by only considering its 

immediate payoff effects based on a static revenue and cost-driven scenario and 

ignoring the stochastic, contingent nature of the underlying R&D process. A real 

options analysis of licensing deals instead encompasses the key features of the 

underlying R&D program: 

 exclusivity - the patent legally protecting the starting compound gives the R&D 

process owner the exclusive right to commercialize the resulting drug; 

 irreversibility - the cost of (pre)clinical trials cannot be recovered if the program is 

abandoned due to its negative results on patients. Thus, any R&D program is 

irreversible (and development expenditures are sunk costs) unless the owner 

launches the drug into the market; 

 flexibility - there is no obligation to continue investing in drug development if any 

                                                                 
5  € 222 million results from adjustment for the market erosion factor (δ) according to the 

following formula: 
tVeV 0 = 

7%*7.1250 e = 222 million. 
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unfavorable circumstance occurs (e.g., a competitor preempts the market via an 

earlier patenting of the same molecule). In this sense, R&D investment decisions are 

of contingent (or optional) nature: only if market or technological conditions 

develop favorably, management will commit to make the follow-on investment, 

otherwise, the program will be halted altogether. This reveals the flexible nature of 

any R&D project; 

 uncertainty - the technicality of a drug (during its development) and its market 

potential (after the development has been successfully completed) are uncertain; 

 staging - drug development investments can be made in stages as technical 

uncertainty resolves itself. 

Our proposed licensing appraisal model is based on the fact that any drug 

discovery and development program may be viewed as a real, staged (or compound) 

option (Trigeorgis, 1996)
6
. Drug development is typically carried out in optional 

stages, with technical uncertainty being gradually resolved
7
. Financing is also staged 

as a series of contingent “installments” with the earliest payment giving the right to 

make further investments in (pre)clinical trials, filing for drug approval or 

proceeding with market launch - a compound option. At each stage, the R&D owner 

(licensor or licensee) pays an investment cost (I) to acquire the option to proceed to 

the subsequent stage. Each phase is characterized by a probability of technical 

success (P). The program is halted if any of the staged options to proceed is not 

exercised. Drug commercialization is achieved if all intermediate options are 

exercised.  

The R&D process for discovering, testing and marketing a new drug can thus be 

modeled as a compound (growth) option as the value of the R&D program depends 

upon the future growth opportunities that all earlier contingent investments may 

open up via the subsequent drug commercialization. The underlying asset value 

(gross V ) of all staged options is the present value of the real claim the owner has 

on the net cash flows expected from drug commercialization (with maturities 

corresponding to the actual time of each R&D stage). 

We suggest that parties may engage in licensing deal-making actively or 

passively. If both parties ignore the option-like features of the underlying R&D 

program, they will engage in the transaction passively, thus sharing the purely static 

(conditional or probability-adjusted) NPV of the licensed molecule (as above 

                                                                 
6  Real options analysis has been extensively used to value R&D projects (Pindyck, 1993; 

Childs and Triantis, 1999; Pertlitz et al., 1999; Herath and Park, 1999; Schwartz and 

Moon, 2000; Paxson, 2001; Smit and Trigeorgis, 2004; Miltersen and Schwartz, 2004; 

Berk et al., 2004; Lewis et al., 2004) and patents (Schwartz, 2004). 
7  A drug development program is typically divided into 7 stages (subdivided into 3 macro-

phases): Phase 1 - Discovery (preliminary studies on specific molecules with potential to 

become new drugs); Phase 2 - Testing (4 stages: Pre-Clinical, Phases I, II, and III); Phase 

3 - Market (drug approval from the competent national authority and subsequent 

commercialization). Stage investment requires less capital absorption compared to 

immediate investing. 
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described). Active management of the IP licensing deal implies maintaining control 

over the exercise of the compound (real) option embedded in drug discovery by 

commanding the disbursement of the development costs. Three types of licensing 

agreements are examined depending on which party commands such embedded 

optionality: I) the licensee (LE) pays the development costs and controls the R&D 

continuation (or abandonment) option; II) the licensor (LR) pays development costs 

and takes control over the compound option with such costs being reimbursed by the 

licensee; III) the licensor pays the development costs (with no reimbursement but 

compensation based on a higher royalty rate) and controls the compound option. IP 

asset values accruing to licensor and licensee, in each of the three contract schemes 

are determined based on the notion of expanded (or strategic) NPV (E-NPV) of the 

underlying R&D program. We formulate predictions on how the E-NPV of the R&D 

program underlying the licensing agreement would be split between the parties under 

three licensing schemes (one symmetric and two asymmetric favoring the licensor at 

the expense of the licensee or vice versa depending on who pays and controls the 

interim drug development expenditures) (Table 1).  

 
Tab. 1: Licensing Contract Schemes: E-NPV and Associated PSR Results 

 
  LICENSOR (LR) 

(Biotech) 
 

E-NPV 

LICENSEE (LE) 
(Pharma) 

 
E-NPV 

E-NPV 
 

E-NPV-Based 
PSR  COMPOUND OPTION 

CONTROL 

I) Licensee pays Development Costs (D) LE € 24,80 € 24,48 € 49,28 1,0 

II) Licensor pays Development Costs (D) 
and gets reimbursed 

LR € 24,24 € 18,17 € 42,41 0,7 

III) Licensor pays Development Costs (D) 
with no reimbursement(but higher royalty 
rate) 

LR 
 

€ 17,91 
 

€ 24,49 
 

€ 42,40 
 

1,4 
 

 
Source: Authors’ Elaborations 

 

Under licensing contract scheme I, the licensee (pharmaceutical company) 

actively controls drug development even if the actual R&D work is attributed to the 

licensor (biotechnology firm). Following the cash flow interconnections and 

allocations underlying a standard licensing agreement summarized in Figure 1, the 

real options-based E-NPV (
'V ) of such a licensing contractual arrangement is 

apportioned to licensor and licensee as follows: 

 

 '0

'  )( VRMPVFVLR        (3) 

 

   )1()()()( '

0

' RVCPVMPVDPVFVLE   

   

    '''

0

'  )()()( LRVVVRMPVFCPVDPVV    (4) 
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Under such a contract scheme, the portion of the licensing contract’s expanded 

NPV accruable to the licensor (
'

LRV ) corresponds to the present value of cash 

inflows committed by the licensee in the form of contractual remuneration payments 

(upfront fee, milestones, royalties) and may be thus traditionally determined using a 

standard, static NPV analysis [(equation 3)]. Indeed, no optionality is involved on 

the part  of the licensor under this circumstance
8
. As shown by equation (4), the 

licensee instead receives 
'

LEV , which corresponds to the expanded NPV (E-NPV or 

'V ) of the licensing contract value net of the value component of the transaction 

accruing to the licensor.  

To appraise the value of the licensing contract to the licensee (
'

LEV ) and 

embedded R&D-related options, we build up a real options analysis following a 

discrete-time numerical approximation procedure (as described below). Drug 

development can be seen as a contingent plan of interrelated investment decisions. 

There are five key phases to structure the problem from a strategic perspective and 

implement the related valuation process. To estimate the value of the R&D program 

taking into account the managerial flexibility represented by the portfolio of 

embedded real options, it is necessary to determine: (1) the (residual) stages of the 

candidate drug development; (2)  embedded real options (often accounting for their 

mix in a layered or sequential structure); (3) connections and interdependence 

among the options; (4) key value drivers (i.e., the sources of uncertainty on which 

option values depend); (5) financial parameters (e.g., risk-free rate).  

 

Inputs for Multi-Stage Option Valuation and Excel-Based Appraisal 

 

Consider the case of licensing contract I where the licensee (pharmaceutical 

company) incurs development costs so as to control the optionality embedded in the 

underlying R&D program (exercise of compound option) and the licensor passively 

receives the payment flow (upfront fee, milestones, royalties). 

Uncertainty is modeled by a binomial lattice approach where the value of the 

R&D program (V0) can either move up ( 8.1 teu  ) or down ( 5.0/1  ud ) 

depending on the candidate drug market demand. Related volatility (σ) is 60%. The 

resulting binomial tree below represents the future evolution of the candidate drug 

value across subsequent R&D stages until its (possible) successful launch in the 

market (Panel B). 

The licensing contract value (
'V ) based on the expanded NPV criterion is 

derived by dividing the compound valuation process into 4 steps corresponding to 

                                                                 
8  Whoever (licensor or licensee) is not in command of (or possibly ignores) the optionality 

embedded in the underlying R&D program undertakes her relevant, stage-related tasks in 

a passive fashion. It follows that NPV is the most appropriate criterion for appraising the 

value of the licensing deal accruable to the passive party. 
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the 4 residual stages (clinical Phase II and III, FDA approval, commercialization) 

the molecule must go through to become a marketable drug. Each step must account 

for the probability with which the licensee will successfully complete the relevant 

(clinical, approval or market launch) stage by bringing the candidate drug forward in 

the R&D process (P, probability of technical success). Compound option valuation 

is performed by working backward the molecule values in the binomial tree across 

the various up and down states. At each relevant stage (clinical Phase II and III, 

FDA approval, commercialization), the payoff structure of the option exercisable by 

the licensee is the same: 
 

 IVVt   *Pmax'
 

 

At the launch/commercialization stage (t=7), the associated option payoff is 

 Lt IRVV  )1(*Pmax 7L

' , where 
LP (=1) is the probability of commercializing 

the drug after FDA approval, 
7V  is the value of the molecule at year 7 (contingent on 

the up/down state), R is the royalty rate and 
LI (= € 55 million) is the investment 

cost that needs to be incurred to launch the drug into the marketplace. It follows that 

upon successful completion of the FDA approval the licensee is granted the option 

to commercialize the drug (with probability 1) by appropriating the present value of 

associated future cash inflows from sales net of royalty payments (due to the 

licensor) and marketing costs. By proceeding backward along the binomial tree, the 

preceding molecule values are calculated in the form of continuation value 

(discounted expected payoff) or   rdtd

t

u

tt eVppVC 

   )1( 11  where: 
u

tV 1  and 

d

tV 1
 are the future option payoffs (under the up and down demand states) at the 

subsequent node at time t+1; p (=0.4) and 1-p (=0.6) are the risk-neutral 

probabilities;
rdte  (=0.97) is the discount factor in continuous time (with risk-free 

rate or r = 3,5%). For instance, if the licensee were only to appraise the licensed 

molecule at time 0 contingent on the successful completion of launch stage, its value 

would be € 172,13 million. 

The same backward induction procedure is applied to precedent stages. At FDA 

approval stage (t=6), the associated option payoff is  FDAt ICV  6FDA

' *Pmax  and 

the licensed molecule value at time 0 contingent on the successful completion of this 

stage is € 147,45 million. At Phase III stage (t=3), the associated option payoff is 

 IIIt ICV  3III

' *Pmax  and the licensed molecule value at time 0 contingent on 

successful completion of such stage is € 67,46 million. At Phase II stage (t=0), the 

associated option payoff is  IIt ICV  0II

' *Pmax  and the licensed molecule 

value at time 0 contingent on the successful completion of this stage is € 24,48 

million. The Phase II-value of the licensed molecule at time 0 represents the deal 

value accruing to the active licensee if contract scheme I is chosen by the parties. 
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Panel A 
 

 Phase II Phase III FDA Launch 

Year 0 1 2 3 4 5 6 7 
M 
A 
R 
K 
E 
T 

Prob 0.60 1 1 0.57 1 1 0.90 1 

Fee (F) 10        

Devel (D) 6   18   3  

Milest (M)    5   10 25 

Launch (C)        30 

Inv (I) 16   23   13 55 

 

Panel B 
 

Evolution of Underlying Asset Value (Binomial Tree) 
 

0 250.00 455.53 830.03 1512.41 2755.79 5021.38 9149.56 16671.58 

1  137.20 250.00 455.53 830.03 1512.41 2755.79 5021.38 

2   75.30 137.20 250.00 455.53 830.03 1512.41 

3    41.32 75.30 137.20 250.00 455.53 

4     22.68 41.32 75.30 137.20 

5      12.45 22.68 41.32 

6       6.83 12.45 

7        3.75 

 

Launch/Commercialization (t = 7) 
 

Year 0 1 2 3 4 5 6 7 

0 172,13 340,92 663,27 1270,46 2404,79 4518,05 8453,90 15783,00 

1  84,76 174,76 351,47 689,71 1324,98 2509,15 4715,32 

2   37,79 83,00 176,76 363,24 718,63 1381,79 

3    13,92 33,75 79,49 179,33 377,75 

4     3,30 9,36 26,55 75,34 

5      0,00 0,00 0,00 

6       0,00 0,00 

7        0,00 

 
FDA Stage (t = 6) 

 
Year 0 1 2 3 4 5 6 

0 147,45 297,05 585,64 1131,71 2152,19 4053,69 7595,51 

1  69,74 147,82 304,62 608,61 1179,92 2245,24 

2   28,77 65,99 146,96 314,36 633,77 

3    8,99 23,14 58,99 148,40 

4     1,35 3,84 10,90 

5      0,00 0,00 

6       0,00 

 
Phase III (t = 3) 

 
Year 0 1 2 3 

0 67,46 147,87 311,61 622,07 

1  25,03 62,05 150,63 

2   5,15 14,61 

3    0,00 

 

Phase II (t = 0) 
 

Year 0 

 24,48 
 

 
Source: Authors’ Elaborations 

 

A strategic licensing investment can then be structured and graphically 

represented by means of an option map, which describes the essential structure of 

the underlying R&D project from a strategic perspective and establishes the timing, 

staging, and interrelationships among the embedded options. It can be represented as 

a collection of nodes and branches. Each node on the map indicates an option (a 

max(P L*V7(1-R)-I L, 0) 

max(P FDA*C6- I FDA, 0) 

max(P III*C3 - III, 0) 

max(P II*C0 II, 0) 
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hexagon), or a decision operator (a box), which links several options (or a known 

cash flow). Any option is characterised by the payoff and its timing (maturity). In 

the case of an R&D project with value of expected cash flows V and cost I (both 

possibly affected by uncertainty), the payoff (which depends on the value of the 

state variables) is given by V – I. The hexagon implies a discretionary decision, so 

the option node actually takes the maximum between the NPV or V – I (if the 

licensee invests) and zero (if she does not invest). In the case of licensing contingent 

on drug development, the average (AVG) decision operator permits to average 

different courses of action (proceed to the next R&D phase or abandon) in the 

presence of technical uncertainty, accounting for a specified discrete probability of 

success or failure.  

Complex map configurations can be obtained by suitably combining options 

with appropriate decision operators and branches. A link or branch is a connection 

between any two of the above decision elements (options, decision operators). Drug 

development adds more complexity as it can be viewed as a multi-stage compound 

option, where options interact among each other being economically and 

chronologically interconnected. In Figure 2A, the Phase II and Phase III options are 

linked by a branch with the option on the left (Phase II) being a “cause” for the 

option on the right (Phase III)
9
. In such a setting, the underlying asset of the earlier 

option (Phase II) includes the value of the follow-on option (Phase III). The value of 

the licensing contract scheme I is calculated as a compound option working 

backward in time through the various stages of the binomial tree shown in Figure 

2A. The applied principle is that of dynamic programming implemented within risk-

neutral valuation, where the whole sequence of decisions is broken down into two 

main components: the immediate decision with its payoff consequences, and a 

continuing valuation function that incorporates the consequences of all subsequent 

optimal decisions (starting from the position that emanates from the immediate 

decision). 

In Figure 2A, Cerep’s pharmaceutical partner (which incurs development costs 

and thus controls the embedded optionality) may have a 60% probability of 

successfully completing the current Phase II and taking the candidate drug to the 

next stage (Phase III). To exercise the option to complete Phase II, the licensee must 

incur development costs of € 6 million and pay an upfront fee of € 10 million to the 

licensor for remunerating its internal R&D efforts. If (with the residual 40% 

probability) technical uncertainty does not resolve itself over the 3-years duration of 

Phase II and the licensor’s R&D process does not prove to be successful, the 

licensee will exercise the option to abandon (or halt) the R&D program altogether. 

Exercise of the first-stage option opens up for the licensee a follow-on possibility (at 

t = 3) to proceed to the next development phase (Phase III). Similarly, the licensee 

                                                                 
9  Branches may link other items rather than options such as decision operators or cash 

flows. What takes place on the right may happen only after (because of) the item on the 

left has taken place. Moreover, the value of the element on the left is dependent on the 

value of the element on the right (in a backward recursion sense).   
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will optimally exercise the option to complete Phase III if the current value of the 

licensed molecule is higher than the sum of development costs (€ 18 million) and 

milestone payment (€ 5 million) due to the licensor as a compensation of the related 

R&D efforts. The probability of successfully completing Phase III is 57%. As the 

R&D project progresses successfully (e.g., filing to the Federal Drug Authority and 

obtainment of related drug approval with 90% success chance; after FDA approval, 

drug commercialization with 100% probability), the value of the licensed molecule 

to the licensee increases (up to € 172.1 million upon market launch).  

The optimal licensing strategy (under contract scheme I) for the licensee is 

derived by working backward the underlying molecule values in the binomial tree of 

Figure 2A across the various R&D stages within a compound option valuation 

framework. The value of the licensing contract to the active licensee (contingent on 

successful completion of all subsequent R&D stages) corresponds to the Phase II-

value of the licensed molecule at time 0 (€ 24,48 million). 

Figure 2B shows how to derive the value of the licensing contract to Cerep 

(passive licensor/biotech company) when (under contract scheme I) it is in charge of 

conducting drug development without incurring related costs, thus being unable to 

control the embedded optionality. In exchange for its R&D efforts, the licensor 

receives the present value of the stream of fixed and royalty payments made by the 

active licensee. Each node on the map is no longer represented by a hexagon (option 

or discretionary decision) but is substituted by a rectangular box (committed 

decision), which denotes a known cash flow (upfront fee, milestone payment, 

royalty payment) accruing to the licensor across time. Several rectangular boxes are 

linked together by branches. The value of the licensing contract to the passive 

licensor (contingent on successful completion of all subsequent R&D stages) 

corresponds to the present value of fixed and use-payments at the beginning of 

Phase II or time 0 (€ 24,80 million). Licensor and licensee equally share a licensing 

value pie of € 49,28 million with an E-NPV based-PSR of 1.0. 
 

Fig. 2: Valuing an IP Licensing Deal as a Multi-stage Option (Cerep’s MEL Oncology 
R&D Program). Scenario I: Licensee (LE) pays development costs and controls 

optionality 

 
Panel A – Active Licensee (LE) 
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Panel B – Passive Licensor (LR) 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Source: Authors’ Elaborations  

 

Under licensing contract scheme II, the licensor actively undertakes the 

candidate drug development by managing the underlying R&D program and 

incurring the related expenditures. However, there is no financial burden for the 

licensor acting as R&D owner as it benefits from the full reimbursement of 

development costs directly made by the licensee in exchange for its internal R&D 

efforts. In the option map of Figure 3 hexagons reflect the optionality that the 

licensor may exercise by controlling the various R&D stages underlying the 

licensing contract via disbursement of related development expenditures. Boxes 

account for cash inflows in the form of both the licensee’s reimbursements of 

development costs accruing to the licensor one year after the latter’s actual 

disbursement and the licensee’s contractual remuneration payments (upfront fee, 

milestones, royalties). The licensee, in turn, only commits to conducting a drug 

market launch and related distribution activities once the R&D program underlying 

the licensing agreement has been completed by the licensor. For the latter to 

accomplish such a goal, the licensee passively incurs development costs and 

contractual remuneration payments. The licensee’s remuneration consists of the 

present value of future cash flows from drug sales net of development expenditure 

reimbursements as well as on-going fixed (upfront fee and milestones) and use-

based (royalties) payments. Licensor and licensee share a licensing value pie of € 

42,41 million with an E-NPV based-PSR of 0.7. The active licensor appropriates € 

24,24 million, while the residual € 18,17 million accrue to the passive licensee. 
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Fig. 3: Valuing an IP Licensing Deal as a Multi-stage Option (Cerep’s MEL Oncology 
R&D Program). Scenario II: Licensor (LR) pays development costs (but gets 

reimbursed) and controls optionality 

 
 
 
 
 

 
 
 
 
 
 
Source: Authors’ Elaborations  

 
Under licensing contract scheme III, the biopharmaceutical company (licensor) 

is still engaged in actively managing the R&D program based on the recognition of 

its option-like features but drug development expenditures are not reimbursed by the 

licensee. The absence of any reimbursement clause in the licensing contract may 

create a market disincentive and requires some form of compensation. To ease her 

own financial burden and re-allocate it proportionally among the parties, the licensor 

can therefore only commit to subsidizing drug development in exchange for 

receiving more contractual payments in the form of upfront/milestones or royalties 

from the licensee. For example, the licensor may accept to undertake drug 

development with no reimbursement of related R&D expenditures by appropriating 

a higher flow of royalty payment (based on an increase in the royalty rate) when the 

R&D program has been completed and the drug is being launched in the 

marketplace. Similarly to the previous case, hexagons are the discretionary control 

decisions or options embedded in the R&D program that the licensor may optimally 

exercise by paying related costs and boxes account for cash inflows in the form of 

the licensee’s contractual remuneration payments (upfront fee, milestones, royalties) 

(Figure 4B). The licensee would in turn be willing to increase the royalty rate (from 

5% to 19.6%) and pay out more royalties to the licensor as long as she is indifferent 

(in terms of the portion of the licensing, E-NPV-based value pie appropriated) 

between developing the candidate drug herself by incurring related expenditures and 

allowing the licensor to develop it without reimbursement in exchange for the 

payment of additional royalties (Figure 4A). It follows that the appraisal of the E-

NPV-based PSR under licensing contract scheme III is based on the determination 

of the break-even royalty rate that renders the licensee passively indifferent between 

direct drug development and give-up of more future revenues (in the form of 

additional royalty payments) to the benefit of the active licensor. Break-even royalty 

rate is 19.6% so as to allow licensor and licensee to share a licensing value pie of € 

42,40 million with an E-NPV based-PSR of 1.4, the active licensor receiving € 
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17,91 million, and the licensee still appropriating € 24,49 million (as if the parties 

were to follow the licensing contract scheme I)
10

.  

 
Fig. 4: Valuing an IP Licensing Deal as a Multi-stage Option (Cerep’s MEL Oncology 

R&D Program). Scenario III: Licensor (LR) pays development costs (without 
reimbursement) and controls optionality 

 
Panel A – Passive Licensee (LE) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Panel B – Active Licensor (LR) 
 
 
 
 

 
 
 
 

 

 
 

 

 

Source: Authors’ Elaborations  
 

Based on the above analysis, we can formulate our predictions on how the expanded 

NPV of the R&D project underlying the licensing agreement would be split between 

the parties under the three licensing scenarios. If the first type of licensing contract is 

chosen (scheme I), the value of the underlying R&D program would almost equally 

accrue to both licensor and licensee so as to reflect the symmetric nature of the 

agreement. If the second type of licensing contract is selected (scheme II), the partition 

of the R&D project value would be favorably apportioned to the licensor (at the 

                                                                 
10  If the royalty rate were to remain at 5%, the licensing value pie would be € 44,15 million 

with an unbalanced sharing between parties as the licensee would appropriate € 34,15 

million and the licensor only € 10 million. The licensee would experience a higher 

licensing value appropriation at the expense of the licensor. 
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expense of the licensee) because of the presence of the reimbursement clause that 

complements the fixed and use-based payments due to the licensor. Under application 

of the third licensing scheme  (scheme III), the R&D project value sharing would 

unduly favor the licensee due to the fact that the licensor fully incurs drug development 

expenditures. In this sense, the royalty rate upgrade may partially re-balance the terms 

of the deal allowing value extraction from the licensee to the benefit of the licensor.  

As for (b) above, we aim to find the combination of fixed (up-front fee and 

milestones) and use-based (royalty) payments that is PSR-neutral to licensor and 

licensee but sets the best incentives for both parties engaging in profitable deal-

making. Knowing to what extent milestones and royalties are substitutable (with 

neutral impact on R&D program value distribution among the parties) may help (1) 

improve or custom design the licensing contract selecting among a menu of iso-

value choices, (2) ease and allow for customization of the licensing negotiation 

process, facilitating its further diffusion in the industry. Figure 5 shows that under 

licensing contract scheme I the licensor can negotiate the terms of the licensing 

contract so as to appropriate the same expanded NPV by differently combining the 

sum of fixed (upfront fee and milestones) and royalty payments that the licensee will 

agree to make. More specifically, the licensor may be able to receive the same 

amount of money (€ 24,80 million) along an Iso E-NPV curve as a result of a 

remuneration structure that varies depending on the weight given to fixed versus 

use-based payments. For example, three different combinations of these two types of 

contractual payments [€ 58 million and royalty rate: 2% (A); fixed: € 50 million and 

royalty rate: 5% (B); fixed: € 39 million and royalty rate: 10% (C)] would yield the 

same portion of E-NPV accruing to the licensor. As the royalty rate payable by the 

licensee as a percentage of future drug sales increases, the total amount of fixed 

payments that she is obliged to pay out to the licensor must be adjusted downward 

(and conversely, if the royalty rate decreases).  
 

Fig. 5: Iso-Value Choices for  Licensor (LR) (Contract Scheme I) 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Source: Authors’ Elaborations  
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4.  Managerial implications 

 
There are several key implications of our study for IP managers. Using the Cerep 

case, we illustrate the use of real options methodology to: (1) value actual licensing 

opportunities (accounting for compound options and success probabilities); (2) 

examine how negotiation practices between IP licensor and licensee should be revised 

under uncertainty in light of real options theory; (3) provide practical guidance on how 

to optimize the set up of the licensing remuneration structure (e.g., tradeoff between 

who makes the R&D installment payments and maintains  control over  the non-

continuation option); (4) present management of either party in the licensing 

negotiation with equivalent alternative choices and payment terms tradeoffs that are 

custom tailored to their specific preferences, as well as financial or other capabilities 

while being structured optimally and fairly. A main management take-away is that 

real options thinking leads to different perspectives and possibilities on how patent 

licensing agreements should be structured properly accounting for who controls the 

embedded optionality. 

As for (c), we provide a means for quantifying the notion that any investment 

decision undertaken by an entrepreneurial company should consider both its 

immediate payoff and future growth potential. At any stage of development (from 

molecule into a marketable drug) the total value of the R&D program can be viewed 

as the sum of the present value of the cash inflows from expected drug sales net of 

development and commercialization costs (static NPV) plus the present value of 

growth opportunities embedded in the staged R&D process [compound (growth) 

option]. We propose a drug growth options (GO) matrix where existing (patented) 

and new (patentable) drug development opportunities are categorized into four 

different regions in option-value space based on their current “cash flow” (NPV) 

versus “growth option” (GO) potential (Figure 6). The horizontal axis measures the 

static NPV of R&D projects (currently in place or realizable in the future) capturing 

present profitability from immediate, passive investing. The vertical axis measures 

the extra strategic value resulting from exploiting the same (existing or new) 

projects as a growth platform. Hence, it captures the value of the staged (or 

compound) development of drug-related growth opportunities evolving as technical 

and market uncertainty is resolved (Present Value of Growth Opportunities, PVGO).  

In the GO matrix, drug development opportunities (and associated chemical 

compounds patented by the biotech firm) may fall in four different regions in 

option-value space based on their current “cash flow” (NPV) versus “growth option” 

(PVGO) potential. The bottom-right of the GO matrix (region IV) comprises 

compounds whose further development can be rapidly accomplished under low 

uncertainty and related new drugs brought to market with a prospective commercial 

success. It results that their strategic growth option potential is rather modest but 

their NPV is high. As these compounds are “cash cows”, the suggested managerial 

action is to complete development and commercialize them. In the bottom-left 

region of the GO matrix (region III) there are compounds with both low current 

commercial and growth option potential that should be divested now. By 
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recognizing early in the R&D process that these projects may be hampered by high 

technical uncertainty involving molecules that, if properly developed, may lead to 

poorly attractive drugs under current and future market conditions, abandonment 

(for salvage value, if any) is the most appropriate strategy.  

The top-left region of the GO matrix (region I) accommodates compounds that 

are currently unprofitable but have high growth option potential. As the biotech 

company identifies one or some of its R&D projects as classifiable into this region 

of the option-value space, it should invest more resources into their full development 

in order to turn them into “licensable” drugs to pharmaceutical firms upon R&D 

completion and authority approval. The strategic path to follow is then to move 

these projects from region I to region II. Region II is indeed the portion of the 

option-value space where all compounds comprised in the biotech firm’s R&D 

portfolio, for which staged development has been successfully terminated, may be 

licensed out in order to capture not only the immediate value of direct cash inflows 

but also the extra strategic value of their follow-on growth opportunities such as 

those connected to the “market for technology” (e.g., licensing) (Arora et al., 2001; 

Arora and Fosfuri, 2003). Drug development programs in regions III and IV are less 

risky as there is a low degree of technical and market uncertainty involved, while 

those falling in regions I and II are riskier due to the fact that potential upside 

opportunities can be exploited by committing to invest more at subsequent stages. 

Nevertheless, risk can be mitigated (or totally eliminated) by having the right (not 

the obligation) not to advance development if conditions turn out to be unfavorable 

(divestiture in region III is always possible). 

The GO matrix provides guidance to a biotech company on how to strategically 

analyze the impact of its R&D portfolio composition on shareholder value, prioritize 

internal R&D budgets and flexibly manage its R&D pipeline based on real 

exploitation and exploration potential. 
 

Fig. 6: GO Matrix for IP Portfolio Management 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Authors’ Elaborations 
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5.  Conclusions 
 
Our preliminary findings show that accurate valuation of all opportunities 

embodied in a licensing agreement is important for conducting an effective 

negotiation between the parties. Appraisal and negotiation are made even more 

difficult by the complexity of the remuneration structure used in the bio-

pharmaceutical industry transactions. More specifically, IP management practices 

may tend to change depending on who pays for the development costs, controls the 

continuation/development or abandonment option and thereby appropriates most of 

the embedded option’s value. 

Our approach is extendable to the context of venture capital (VC), where 

complex agreements are commonly negotiated to allow the venture capitalist to 

condition its ongoing remuneration and investment exit upon the entrepreneurial 

firm’s successful development and commercialization of an early-stage, prototypical 

product (or process) characterized by a highly risky technological content. 

Despite intrinsic limitations (e.g., case-based, lack of empirical validation), our 

study offers two main contributions: (1) it complements strategic partnership 

literature on value creation and value capture with the real options logic; (2) it 

examines how perspectives and negotiation practices between IP licensor and 

licensee of IP change under uncertainty in light of real options theory with important 

implications for IP managers. 
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