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Abstract 

The main purpose of this thesis is to evaluate the application of different valuation models in the 

context of a drug development project in the pharmaceutical industry. This is interesting, as there 

seems to be a gap between what is recommended by academics and what is applied in practice. 

Furthermore, this is an important topic as this industry spends several billion USD annually, the 

development process is rigorous and authorities regularly reject products. To develop a drug the 

project have to go through several clinical trials from which they have to get approved, and the 

process can therefore be seen as a staged investment process. To test whether valuation methods are 

able to capture these characteristics both traditional models and more sophisticated real option 

approaches have been applied. The results were analyzed and sensitivity analyses were carried out 

for each model in order to compare the advantages and disadvantages of using the different models 

for valuation purposes. 

The results obtained proved that there were significant differences between the valuation methods. 

First, it was found that the results varied greatly depending on whether a probability for advancing 

to the next clinical trial was explicitly included or not. Second, whether the models include multiple 

decision points or not, makes a great difference to the valuations. Third, the option valuation 

approaches were originally built for financial options, therefore, many of the assumptions and input 

parameters do not fit real options perfectly, and the consequences of this are not conclusive. 

Consequently, some of the concerns pointed out throughout the thesis were discussed. One of the 

important topics was how the results could impact managerial decision-making. Here it was 

discussed that there exists a trade-off between applicability and preciseness. This also raised the 

question whether managers were willing to utilize the more advanced models due to their 

complexity. 

Finally it was concluded that the optimal model is hard to define, as it is believed that it should 

include relevant information, as well as being applicable in practice. It was therefore suggested that 

using several models to shed light on different aspects might be the best approach while still being 

able to explain the results to decision-makers.  



Page 3 of 134 

 

Table of contents 
1 Introduction ..................................................................................................................................... 4 

1.1 Introduction to the life sciences industry ............................................................................................ 6 
1.2 Introduction to diabetes and the market for diabetes medication .................................................... 8 
1.3 The drug development process............................................................................................................. 9 
1.4 Assumptions and limitations .............................................................................................................. 10 

2 Literature review ........................................................................................................................... 13 

3 Methodology and input estimation .............................................................................................. 23 
3.1 Methodology ........................................................................................................................................ 23 

3.1.1 The Discounted Cash Flow model ................................................................................................. 23 
3.1.2 The binomial model ....................................................................................................................... 24 
3.1.3 The Black-Scholes model .............................................................................................................. 27 
3.1.4 The compound option model ......................................................................................................... 29 

3.2 Input estimation .................................................................................................................................. 32 
3.2.1 Estimation of volatility .................................................................................................................. 32 
3.2.2 Estimation of cost of capital .......................................................................................................... 36 
3.2.3 Estimation of cash flows ................................................................................................................ 44 

4 Analysis of valuation models ........................................................................................................ 55 
4.1 The Discounted Cash Flow model...................................................................................................... 55 
4.2 The binomial model ............................................................................................................................. 57 
4.3 The Black-Scholes model .................................................................................................................... 59 
4.4 The compound option model .............................................................................................................. 60 
4.5 Comparative analysis .......................................................................................................................... 63 

4.5.1 Analysis of important input variables ............................................................................................ 67 
4.5.2 Applicability of the models ............................................................................................................ 69 

4.6 Sensitivity analysis .............................................................................................................................. 71 
4.6.1 Sensitivity to volatility ................................................................................................................... 71 
4.6.2 Sensitivity to cost of capital ........................................................................................................... 77 
4.6.3 Sensitivity to cash flows ................................................................................................................ 83 

5 Discussion ....................................................................................................................................... 89 
5.1 Volatility ............................................................................................................................................... 89 
5.2 Cost of capital ...................................................................................................................................... 96 
5.3 Assumptions ......................................................................................................................................... 99 
5.4 The optimal model ............................................................................................................................. 104 
5.5 Managerial impact ............................................................................................................................ 108 
5.6 Summary of the discussion ............................................................................................................... 111 

6 Conclusion.................................................................................................................................... 114 

7 References .................................................................................................................................... 117 

8 Appendices ........................................................................................................................................... 125 

 



Page 4 of 134 

 

1 Introduction 

When valuing a project, the choice of a good valuation model is important for the subsequent 

decision-making process. It is especially important that the model is able to reflect the reality of the 

project, while the results should be easy to interpret and explain to decision-makers. For managers 

and investors it is quite important to know the approximate value of a project from an early 

development stage in order to optimize the return on their invested capital. It is therefore interesting 

to investigate the accuracy and applicability of different valuation models that are commonly used. 

In reality, there is a large proportion of pharmaceutical companies that use the Discounted Cash 

Flow (DCF) analysis to value their projects from the first clinical phase and onwards (Hartmann 

and Hassan, 2006). According to the same study, around 25% of the companies use real option 

analysis to determine the value of research and development (R&D) projects. This seems 

perplexing considering that the value of pharmaceutical R&D projects, according to Myers (1984), 

can be considered to consist almost solely of option value and that the DCF is of almost no help 

when valuing R&D. This paradox is very interesting, especially considering the huge costs 

associated with drug development, which emphasizes the importance of a proper valuation 

technique. In fact, a recent study by DiMasi and colleagues (2016) estimated the capitalized costs of 

developing a successful drug to be USD 2.6 billion and therefore, the investments required are 

massive. However, this figure also includes the cost of failed projects, as they investigate the 

required cost of getting a project approved. Since less than 12% of drugs entering the clinical trials 

receive final approval to move into the market phase, the costs of these of course play a huge role in 

the accumulated cost of developing a drug (PhRMA, 2016b). It is thereby clear that there are large 

costs related to developing new drugs. In fact, the R&D intensity1 for PhRMA members in 2016 

was found to be 19.8% (PhRMA, 2016b). 

The full drug development process, as will be elaborated later on, takes on average 10-15 years to 

complete. During this time the drug goes through several R&D phases, which for example includes 

three clinical trial phases and the final Food and Drug Administration (FDA) review (PhRMA, 

2016b). Usually the company will file for a patent on their drug during the R&D phases. 

Subsequently, at the time of commercialization the 20-year patent typically has a remaining life of 

                                                 

1 Total R&D costs as a percentage of total sales 
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7-12 years in which other companies are prohibited from bringing generic equivalents to the 

market. During this exclusive commercialization period, companies hope to have created a drug 

with potential sales that are able to cover all prior costs as well as earn substantial profits. In the 

best cases, the product turns out to become what is known as a blockbuster; implying more than 

USD 1 billion in yearly revenues, but reality is that only two in ten drugs manage to return revenues 

that cover the R&D costs (Deloitte, 2016; PhRMA, 2016b).  After patent expiration, a 50% drop in 

the price for the drug is typically seen. Especially blockbuster drugs will lose a lot of their value due 

to the increased competition with generics and this can greatly impact the earnings of the companies 

(MarketLine, 2012; Gebhart, 2006). 

These industry facts all shed a light on the many factors that should be considered in a valuation 

model for drug development projects. Similarly to Myers (1984), we have some concerns as to 

whether a simple DCF model is able to describe and capture all these effects or whether real option 

approaches should be used instead. Additionally, various real options approaches exist, but some 

might be better than others to use for the specific issue at hand. In the life sciences industry, 

according to Hartmann and Hassan (2006), the small amount of companies that do in fact apply real 

option analysis to value their projects mostly apply the well-known Black-Scholes model. The 

second most used method is the binomial lattices and finally only few companies apply the 

compound option model by Geske. Therefore, the primary purpose of this thesis is to apply and 

evaluate the different valuation approaches that are applied most frequently in the life sciences 

industry. Performing this evaluation will allow us to determine whether the more advanced 

approaches are more appropriate to capture the project value, than a simple DCF model. 

To sum up, the life sciences industry is known to use the DCF model to value drug development 

projects and only to a limited degree apply real options analysis. This industry clearly has many 

uncertainties that, if implemented in the valuation model, could capture a lot of value or at least 

improve the preciseness and accuracy of the model. Consequently, since the drug development 

process is largely characterized by having option-like features, a DCF model, as commonly used, 

might not capture the full potential of the projects. 

Therefore, this thesis seeks to explore and evaluate different valuation models to estimate the value 

of drug development projects. Specifically, it strives to discover whether more sophisticated real 

option approaches can capture additional value and provide a better reflection of the reality 

compared to a basic DCF model. This concealed value arises from the managerial flexibility and 
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uncertainty inherent in the drug development process. To examine this, the paper will go through 

the following sections; first, the life sciences industry will be introduced, as it is a very dynamic 

sector with, for example, very specific regulatory factors that greatly affects firms and their 

decisions. Additionally, the R&D process will also be outlined. Second, a review of relevant 

literature in the field will be conducted to set the scene for the further analysis and discussions 

relevant to this thesis. Third, the methodology and estimation of variables will be explained. In the 

fourth section, the analysis of the chosen models will be conducted. This comprises the following 

models; a basic DCF approach and several option applications; a binomial model, two Black-

Scholes applications and finally two versions of the 4-fold compound option model. In connection 

with this, a sensitivity analysis of several critical variables will also be conducted, to see how 

changes to these variables impact the valuations provided by the models. In the fifth section, the 

findings from the analysis are discussed in a practical as well as a theoretical setting before the 

thesis is concluded in the sixth section. 

1.1 Introduction to the life sciences industry 

As briefly described in the introduction, the life sciences industry is very dynamic. Furthermore, it 

is an industry, where many firms profit greatly from their novel drug discoveries that turn into 

blockbuster drugs. However, there are also huge uncertainties regarding their R&D, which they are 

very reliant on. As seen in the figure below the life sciences industry was the industry among a 

sample of 10 industries with the highest R&D intensity in 2014 and this also holds true for the years 

prior to 2014. 

 
Figure 1 – R&D expenses relative to total revenue in 2014 by industry (Statista, 2017) 
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It is therefore evident that companies in the life sciences industry spend a lot of their revenues on 

R&D. Additionally, the drug development process is also heavily regulated by the FDA, to make 

sure that only safe and efficient drugs enter the market (FDA, 2017a). Therefore, a drug has to pass 

through several clinical trials, before it can be sold to patients on the market. The probability of 

passing through all clinical phases and entering the market is approximately 12%, based on 

information from the members of PhRMA (PhRMA, 2016b). Hence, there is a lot of uncertainty 

surrounding the entire drug development process and whether there will actually be any profits to 

the effort and costs connected with the drug development process. This is a theme also mentioned in 

practice by for example Deloitte, who has studied the return on pharmaceutical innovation and how 

the “R&D equation” is balanced (Deloitte, 2016). Here the conclusion is that the returns to R&D 

keep declining for large-cap pharmaceuticals, while costs are still incredibly large. As they put it, 

life sciences companies have blockbuster cost, but not blockbuster sales, as the forecasted peak 

sales for products in the pipeline declines. 

Although this paints a picture of a struggling industry that is not the full story, as the life sciences 

industry is large and steadily growing. The United States pharmaceutical market accounts for 

approximately 40% of the global market and has had a compound annual growth rate of around 2% 

for the last years, which is expected to stay around this level until 2020. Other regions around the 

world experience larger growth rates, but it is also important to factor in that the market in the 

United States is more mature and therefore, it is quite natural that the growth is lower (MarketLine, 

2016). 

Furthermore, as described in the introduction, the industry has a quite interesting because of the 

patent protection of drugs.  This means that individual drugs are not only competing with other 

drugs in the market, but also with generic drug producers, who are allowed to produce generic 

equivalents after patent expiry. This creates some uncertainty after the drugs are marketed, as its 

patent will expire eventually. After patent expiry different scenarios can happen; in some cases a 

generic equivalent is not found immediately and thereby there is no imminent threat to the original 

drug. Another scenario is that a generic equivalent is made by other companies, in which case 

prices on the market will drop rapidly. Furthermore, some companies try to prevent generics from 

gaining a foothold in the market by introducing a generic drug themselves to protect some of their 

market share (MarketLine, 2016). 
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Other important features of the pharmaceutical market to consider are the aspects arising from the 

legal and political frameworks. Especially since the Patient Protection and Affordable Care Act 

(PPACA) was introduced in 2010 the buyer dynamics have been enhanced since the bargaining 

power of the buyers have been strengthened. As the PPACA aims to reduce the number of people 

not having a health insurance and to reduce prices for medicine, it has had an influence on revenues 

for companies in the life sciences industry. This is due to rebates, Medicare discounts and so on. 

Therefore, the buyers, who are often large public institutions and pharmacy benefit managers, have 

gained a lot of power, which can greatly affect individual pharmaceutical companies, as they are 

subject to severe price pressure and are impacted if their product is not chosen by these institutions. 

And since more and more Americans get health insurance this development is expected to continue 

(MarketLine, 2016). 

1.2 Introduction to diabetes and the market for diabetes medication 

In this thesis it has been chosen, in order to be able to make a more realistic analysis, to use the 

diabetes industry as an example. Thereby, this section will make a short introduction to the disease 

and what kind of market there is for treatments. Diabetes is a chronic disease, where too much sugar 

enters into the blood. Usually, there is a substance, insulin, which keeps the blood sugar at a stable 

level. However, people with diabetes do either not produce insulin or have a very low level of 

insulin to control their level of blood sugar. Diabetes is the 7th leading cause of death in the US, 

which is not only due to the disease itself, but also because there are many diseases and 

complications related to diabetes. To narrow the market down, the US market has been chosen. In 

the US 30 million people have diabetes of which 19 million are treated and 8 million are 

successfully treated, meaning that there is a huge market and there are still many that are either not 

treated at all or not treated efficiently. Additionally, there are approximately 1.4 million new 

diagnoses of diabetes in the US every year, implying that the market is also growing significantly 

(PhRMA, 2016a). 

As with many diseases, it can be difficult to develop new drugs that are able to cure diabetes, as 

there are both regulatory and scientific challenges throughout the process. But many life sciences 

companies try to find new approaches to cure the disease and therefore there is also a high amount 

of diabetes drugs in development. In 2016, there were 170 diabetes drugs in the global development 

pipeline. Hence, the market for diabetes is clearly a market where there is a lot of competition to 
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come up with the best treatment and this greatly affects the future competition on the market 

(PhRMA, 2016a). 

1.3 The drug development process 

It has been mentioned several times that drugs have to go through clinical trials and that the whole 

regulatory process for getting a drug to the market can be quite difficult. Therefore, the drug 

development process will be described in this section to get a better overview of which stages the 

individual drug has to go through before getting approval to go to market.  This process is also very 

significant for how the valuation model should be constructed to best reflect the different stages. 

The first step is the basic R&D, or discovery and development of a drug, which happens in a 

laboratory. This usually happens through either tests of molecular compounds, new insights to a 

disease process, new technologies, or when existing treatments have unanticipated effects (FDA, 

2017b).  In this phase, it is only a small fraction of the molecules that looks promising and therefore 

advances to the next phase, preclinical testing, for further studying. As can also be observed in 

figure 2 below, companies are usually looking at between 5,000-10,000 compounds in the drug 

discovery phase for every 250 compounds that enter the preclinical testing, which gives a 

probability of 5-10% for the drugs to advance from this very early phase to the next (ISN Insider, 

2013). 

 
Figure 2 – The drug development process (ISN Insider, 2013) 
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In the preclinical phase the drug is still tested in the laboratory to check the basic safety of the drug. 

This testing is typically done in Vitro (in glass, such as test tubes) and in Vivo (inside living 

organisms), and the tests are normally not very large in scale, but should still be able to provide 

detailed information on dosage and toxicity in order to advance to the next stage; the clinical trials 

(FDA, 2017c). 

The clinical trials are the first time the drug will be tested in humans, in order to document how the 

drug interacts with the human body. The clinical trials are divided into three different phases before 

approval and a phase four, which is carried out after approval of the product and it is therefore done 

parallel to the marketing of the product. This process can be seen in figure 2. Usually, phase one is 

very small in scale with testing on less than 100 individuals, who can be either healthy or affected 

by the targeted disease. Phase two includes up to several hundreds of people affected by the disease 

and is therefore larger in scale than phase one. Phase three is even larger in scale and the testing is 

carried out on up to several thousand individuals. The purposes of the phases differ from phase to 

phase, with phase one focusing on safety and dosage, phase two on efficacy and side effects, and 

phase three on efficacy and monitoring of adverse reactions (FDA, 2017d). 

After phase three the drug can be submitted to the FDA for approval. The drug developer has to 

include all data from the preclinical phase and up to phase three, as well as some supporting 

information. If the drug is approved the developer can begin the marketing of the product, however 

in many cases the FDA also requires additional post-market studies to be carried out; the phase four 

studies (FDA, 2017e). 

The last research phase is done parallel to the marketing of the drug, as these studies are post-

market monitoring of the drug’s safety. This is due to the fact that the clinical trials are not able to 

deliver perfect information about the drug. Hence, the information obtained up until FDA approval 

may be viewed as limited. The post-market monitoring is therefore mainly concerned with the 

safety of the drug, and should be able to capture any side-effects that were not previously 

discovered, in order for the FDA to take action on the findings, if required (FDA, 2017f). 

1.4 Assumptions and limitations 

Upon conducting the research and analyses for this thesis, several choices and assumptions had to 

be made. This defines the scope for the thesis, but also creates some limitations regarding what this 

thesis is able to explain or investigate. The various limitations are both regarding obtainability of 
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knowledge, but also due to the fact that our research cannot capture every little niche of the industry 

or theory. 

First of all, and important for all other assumptions, it has been chosen that this thesis should focus 

on researching different valuation tools and approaches that could be used for life science projects. 

It is therefore considered more important to compare and discuss the models than to get a real set of 

data from a company. Since most of the variables are recurring through the models in use, the basis 

is the same for them all. Thereby, they are all analyzed and discussed on the same foundation and 

the results can be seen as valuable. The limitation to using this approach is that there are no 

empirically comparable results, because it is not a project that has been or will be carried out in real 

life. 

The second choice made was based on the fact that costs, and also the market the drug will be 

marketed to, differ based on the kind of disease the drug is developed for. It was therefore chosen to 

focus on the market for diabetes, as this is a market, which is quite well developed, meaning that 

data can easily be obtained. Additionally, as seen in the introduction to the market, it is seen as an 

interesting market with a lot of growth. One in ten Americans is believed to have the disease and 

this number is expected to increase. Therefore, it is also considered a very important market, as 

there are many related complications as well. It is believed that different drug types should have the 

same valuation characteristics, so it is assumed that the results obtained later in the analysis should 

be applicable in other areas as well. 

Though it might not be of very large importance for the final results or the intuition behind, much 

data is separated into category groups in the life sciences industry. These groups are for most of the 

data sources pharmaceuticals and biotechnology firms. For many variables the differences are not 

very large between the two industry sectors, but in order to be consistent through the thesis it has 

been chosen that data for the biotech sector should be used. This is chosen because the biotech 

industry is believed to be more similar to project features, because these companies are in general 

smaller based on total assets (Capital IQ, 2017), even though there are of course exceptions to this 

observation. In the estimation of several of the variables both the pharmaceutical sector and the 

biotech sector have been tested to account for the differences and to see what impact it has on the 

individual estimate. Furthermore, a distinction between project in pharmaceutical and 

biotechnological companies exist, however, this has not been taken into account. Biotechnological 

drugs are built on a biological basis, whereas pharmaceutical drugs have a chemical base. 



Page 12 of 134 

 

Nevertheless, as the development process for both types of projects remain the same, it is not 

considered necessary to implement this fact into the valuation models (Investopedia, 2017). 

Another important assumption that the analysis is based on is that the project starts from the first 

phase of the clinical trials. This choice is based on two circumstances, which are interdependent; 1) 

there is so much uncertainty before this point that you can hardly call it a single project and 2) data 

is extremely hard to obtain for this part of the development process. Even if these first two phases 

were to be included in the analysis the estimates would be of very low quality. In addition, much of 

the information prior to the clinical phases is not public and the market is therefore not able to 

incorporate it into the valuation. 

At last, it should be mentioned that various accounting specific factors have not been considered 

during the thesis. This could possibly have created a difference, as R&D and intangible assets, such 

as patents are treated differently under GAAP and IFRS (PWC, 2015). The differences between the 

accounting standards have not been included in this thesis, as it is considered outside of the scope 

and this thesis is mainly focused on the entire valuation process rather than looking at accounting 

principles.  
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2 Literature review 

During the last many decades, plenty of research articles have been published on the topic of 

valuation, and significant developments have resulted hereof. Some of the first research that 

formalized valuation methods was made by J. B. Williams (1938), who proposed that the value of 

an asset should be calculated as the present value of its future net cash flows. This is the model that 

later became known as the Dividend Discount Model (DDM), as it was mainly used for stocks. 

Gordon and Shapiro (1956) later conceptualized the model, which came to be known as the Gordon 

Growth Model. The Gordon Growth Model builds on many of the same thoughts as the DDM, 

however, it also incorporates the fact that the future cash flows can be expected to grow. These 

widely recognized and well-known models within asset pricing were among the first to put a value 

on assets. These models were mainly focused on stocks, as the cash flow in focus was the dividends 

from stocks. However, by replacing the dividends these traditional DCF models can be used in a 

variety of different scenarios, such as firm valuations, IPO’s and stock issues. Other areas of use 

can be as a management tool regarding decision-making and capital allocation in companies, and in 

connection with stock option compensation of executives and employees (Petersen and Plenborg, 

2012). However, even though valuation has many different uses the literature review will focus on 

the research done with regards to project valuation, which is the topic in focus of this thesis. 

Even though the traditional DCF models are widely used and well known for their simplicity and 

functionality, they are not always considered to be perfect for project valuation. Bowman and 

Moskowitz (2001) point out that the traditional valuation models are not able to capture the 

managerial flexibility that is present in projects. This managerial flexibility can for example be the 

opportunity to increase scale, postpone, or abandon projects. The managerial flexibility can 

therefore be used to change the course of business as and if new information arises. As the DCF 

models only consider the present value of the expected future cash flows, the value of the 

managerial decisions are not accounted for. 

Also, the DCF uses static cash flows as input, even though it is obvious that predicting future cash 

flows always contain some uncertainty. Traditionally, this would be corrected through the discount 

rate (by increasing the risk premium) of the cash flows (Damodaran, 2007). Another approach 

would be to adjust the cash flows for the risk inherent in them, and thereby use a risk-adjusted 

future cash flow (Damodaran, 2007). However, these methods pose some challenges, as you would 

have to determine the risk-profile of the investors in order to calculate the certainty-equivalent cash 
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flow of the uncertain cash flows estimated for the model. Investors can have one of three different 

risk profiles; risk seeker, risk averse and risk-neutral (Frank, 2010), which all have a different 

impact on the value the individual investor puts on risky cash flows. 

Even though the uncertainty of the cash flows is adjusted for risk, the DCF model will still not be 

able to capture the flexibility that arises in a project. Another risk-adjustment method is carried out 

by using the expected value of the future cash flows, essentially adjusting them using the 

probability that they will occur. Myers (1984) was the first to say that R&D was almost only option 

value, and hence, created the term real options for these business opportunities, and also mentions 

that these opportunities should be valued as an option rather than using the DCF model. More 

specifically, Myers (1984) claims that due to the nature of R&D projects, the DCF approach will 

have no value, as it is not able to capture the flexibility. Therefore, many academics have put their 

focus on real option valuations, where it is possible to capture the managerial flexibility of projects 

(Mun, 2005; Kodukula and Papudesu, 2006; Hartmann and Hassan, 2006). Additionally, academia 

has during the last decades suggested that real option valuation should be applied rather than using 

the traditional DCF model for business opportunities (Denison et al., 2012). 

Even though there are many drawbacks to the DCF model, there are still many positive aspects to 

the model and it is widely preferred by practitioners (Hartmann and Hassan 2006). It is therefore 

still very relevant to apply and it gives a good insight on the profitability of the cash flows, and 

especially in the later stages, where some of the uncertainty has been taken out. Additionally, some 

of the inputs for the real option approaches are relying on the estimates provided by the DCF 

model, and hence, it is usually required to conduct a DCF analysis. 

On the other hand, Villiger and Bogdan (2005) mention that especially during the early stages of the 

drug development process, the DCF model is a poor reflection of the actual project, so practitioners 

manually adjust the parameters to make the projects look more profitable. This is obviously a very 

academically incorrect way of applying the model, and it further highlights some of the issues of the 

DCF model and suggests that more advanced models could be required. Nevertheless, the DCF 

model is still widely applied due to its simple approach and the fact that the results are easily 

understood, also at higher management levels. 

However, even though academia has tried to push for more frequent application of real options 

many firms are still not incorporating it into their valuations (Baker et al. 2011; Bennouna et al. 
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2010; Block 2007; Graham and Harvey 2001). Hartmann and Hassan (2006) point out that one 

quarter of the pharmaceutical and biotechnological companies use real option valuation. The reason 

that so few companies are using real option valuation as a tool might be, according to Worren et al. 

(2002), that this valuation method has very low practical validity. The financial models used to 

value options are also more complex than the simple DCF model, as the option pricing models 

frequently utilize probability distributions and hedging arguments. Furthermore, it is crucial for the 

decision-making process that the applied models are well understood, and hence the complexity of 

the models will of course have to be considered in a comparative evaluation of them. 

Whereas this thesis is focused on real options and the valuation of these, most option valuation 

models are based on financial options and their behavior. It is therefore important to know the 

characteristics of those. A financial option is a derivative, which gives you the right, but not the 

obligation, to buy or sell a specific asset, at a specific exercise price, at or within a given time in the 

future. Options are mainly defined as either European or American and calls or puts. The terms 

European and American depends on whether you are only allowed to exercise at the date of 

maturity (European) or at any point before that (American). The calls and puts are determined on 

whether you have the right to buy (call) or the right to sell (put) the underlying stock. For European 

options, it therefore applies that a call option will be exercised if the price of the underlying stock is 

higher than the exercise price at maturity. A put option will be exercised if the price of the 

underlying stock is lower than the exercise price at maturity (Hull, 2012). 

The payoff figures for call and put options are illustrated below in figure 3 and 4, and show the 

property that the option will only be exercised in case of a positive option payoff. This clearly 

shows the ability of options to limit the downside, while still keeping the upside; however, this 

comes at the price of a premium, when entering the agreement (Berk and DeMarzo, 2013). These 

concepts are also valid for real options. However, in a real option setting it is no longer an 

underlying stock that determines the value, but a business opportunity. The business opportunity 

will be exercised if the Net Present Value (NPV) of this is higher than zero and thereby profitable. 

Investing in R&D therefore generates business opportunities for the company, as they can choose to 

apply the new technology, or launch the new product in the future. 
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Figure 3 – Payoff of a call option (K=10) Figure 4 – Payoff of a put option (K=10) 

Some of the most well known financial option pricing models are the binomial model by Cox, Ross 

and Rubinstein (1979) and the Black-Scholes model (Black and Scholes, 1973) with the main 

difference between the models being whether time is considered discrete (binomial) or continuous 

(Black-Scholes). Also, the binomial model offers more flexibility, whereas the Black-Scholes 

model is a closed-form solution for European financial options (Hull, 2012). The flexibility in the 

binomial model comprises the opportunity to insert multiple decision points to match American 

options, incorporate a special payoff scheme in case of exotic options or fine-tune the expected 

development of the underlying, such that it matches the expectations of the possible end-states. 

Black and Scholes (1973) assume some ideal conditions in the market for the stock and for the 

option. These assumptions are listed below. 

x The short-term interest rate is known and constant 

x The stock price follows a random walk in continuous time 

x The stock pays no dividends 

x The option is European 

x There are no transaction costs in selling or buying the stock 

x Any fraction of the price of a security can be borrowed, for buying or holding, at the short-

term interest rate 

x There are no penalties to short selling 

Many of these assumptions are, however, not very realistic in the real world. Since the publishing of 

the Black-Scholes formula, these assumptions have therefore been a relevant topic for further 

research in order to investigate if the model is still robust. 
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Thorpe (1973) investigates the restriction against short sales, and Ingersoll (1976) takes the 

differential tax between capital income and ordinary income into consideration. Merton (1973) has 

also succeeded in implementing a stochastic interest rate into the model. Discontinuous stock price 

movements have also been employed successfully by Merton (1976) and Cox and Ross (1976). The 

Black-Scholes model has also been modified to account for dividend payments of the stock (Merton 

(1973; Thorpe, 1973). The modifications and observations made by Merton (1973, 1976) and others 

provide solid evidence that the Black-Scholes model is robust with relaxation of the basic 

assumptions. 

However, the mathematics in the Black-Scholes model is quite advanced and has made it difficult 

to intuitively understand the underlying economics of the valuation. That is why Cox and 

colleagues (1979) presented a simplified approach to option pricing; the binomial model. The 

binomial model assumes, as mentioned earlier, discrete time steps and it is therefore easier to follow 

the process of the stock price movements, as the binomial tree constructed by the model will 

visually show you the possible paths of the stock price. Then, by using backward-induction and 

risk-neutral probabilities, it is possible to estimate the value of an option (Hull, 2012). This 

approach is therefore more simple and intuitive, as you can better explain the process and 

development of your calculations. 

The binomial model is consistent with the Black-Scholes model. This is proved by Cox et al. 

(1979), who show that by dividing the time parameter of the binomial model into more and more 

subintervals it will approach continuous time. Additionally, it is required to choose the other 

parameters such that the multiplicative binomial probability distribution of the stock prices 

replicates a log-normal distribution. Thereby, the binomial model will converge into the Black-

Scholes formula. The Black-Scholes model is therefore also a special limiting case of the binomial 

model. 

Real options, however, are quite different from financial options, as first of all, these options are not 

traded on any exchanges, but are rather opportunities that arise during the normal course of doing 

business. Secondly, the underlying asset is typically not traded and, therefore, violates some of the 

assumptions of the financial option valuation models. Thirdly, they are by definition American, as 

usually there does not exist a specific point in time at which you have to make a decision regarding 

the business opportunity. However, there will most likely be a postponement cost if you choose to 

decide at a later point in time. Even though the options are American there will often be a natural 



Page 18 of 134 

 

point in time, where the decisions are made, which will be taken into consideration when modeling 

the process. In a drug development setting, these natural points in time will be at the end of each 

stage of clinical trials, where it will be determined if the drug is approved for further development 

and therefore it also makes sense to evaluate the economic profitability of the project with this new 

information incorporated (Hull, 2012). 

One of the models that are built more specifically for decision-making is the decision tree analysis 

(DTA), which was presented in one of its earliest forms by Magee (1964). This approach is similar 

to the binomial model; however there are some fundamental differences. The DTA uses different 

scenarios and their respective probabilities to estimate the value today of a given opportunity. As 

Block (2007) frames it, the DTA is merely an expected value based on NPV analysis and is thereby 

inferior to the real option approach, which relies on the volatility to measure the uncertainty. The 

DTA approach therefore relies heavily on specific knowledge of the project at hand, as information 

regarding potential scenarios, as well as their probabilities, is a requirement for this approach. Most 

of this information will reside with insiders and internal stakeholders and to apply this as an 

external stakeholder is therefore close to impossible. This approach is thereby targeted more 

towards decision-making rather than valuation. That is also why it has been disregarded in this 

thesis, and the focus have been put on other models that are able to value a project even without 

knowledge of potential outcomes and scenarios. 

Bogdan and Villiger (2010) explain that there are critical differences in the assumptions between 

financial options, for which Black-Scholes and the binomial model are built, and real options. The 

financial option models are built on constructing replicating portfolios, which therefore require that 

the underlying can be hedged through an effective market. Real options can be opportunities, such 

as new drug development, expansion of markets or abandonment of unprofitable business lines, but 

how do you replicate these business opportunities? Bogdan and Villiger (2010) argue that it is close 

to impossible, but nevertheless apply the models. 

The book by Bogdan and Villiger (2010) has also been checked, to see if it is a reliable source, 

since this thesis relies on this book with regards to several of the methods. A check has led to the 

conclusion that it is quite trustworthy and can be relied on, as it has been quoted by plenty of other 

papers, and also Bogdan and Villiger have written separate articles that has been published in well-

renowned journals, such as the Journal of Applied Corporate Finance. Additionally, Bogdan and 

Villiger are both associated with Avance, a Swiss-based company with focus on corporate finance 
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in the life sciences industry. Hence, they are specialists within this field, which provides additional 

proof that the concepts and methodologies provided in their book can be relied upon. 

Furthermore, Hauschild and Reimsbach (2015) came to the same conclusion as Bogdan and Villiger 

(2010), by pointing out that the Black-Scholes model is based on perfect market assumptions, and 

that no comparable traded assets are available for real options, and it thereby violates the Black-

Scholes assumption. An earlier study by Paddock et al. (1988) investigates how this violation 

affects the valuation, and finds that a highly-correlated asset can act as a surrogate instead of a 

traded asset, and the violation is as such not as critical as initially thought. 

The standard Black-Scholes model is therefore not perfect for valuing real options, due to the fact 

that it is intended for financial options. Many research articles have tried to further develop the 

Black-Scholes model to correct for some of the biases that were emerging. Geske (1979) proposed a 

compound option pricing model, which is based on the argument that when buying an option on a 

stock you are actually purchasing an option on another option. This is due to the properties implicit 

in a stock, as it can be considered as an option on the equity of the firm with the debt as the exercise 

price, which is also taught by many corporate finance text books (Berk and DeMarzo, 2013; 

Brealey et al., 2012). Geske (1979) therefore adjusts the Black-Scholes model to incorporate that 

the value of the option should not be determined by the stock price, but rather the value of the firm. 

The option therefore transforms into a sequential option, which is also more similar to the 

characteristics of many investment opportunities that companies face. This is due to the fact that 

many project proposals contain several decision points and these are dependent on each other, 

which fits to the sequential nature of the compound option. Furthermore, the compound option 

model also builds in a correlation factor between these points in time and therefore tries to model 

the impact of this as well. By applying the compound option model to a sequential real option 

project, it is therefore believed that a more precise estimate of the value will be produced and 

thereby provide a better foundation for decision-making (Cassimon et al., 2004). 

The basic compound option theory has therefore been used by many to put a value on sequential 

R&D projects (Amram et al. 2006; Cassimon et al. 2004; Cassimon et al. 2011; Nichols 1994). 

More specifically, Cassimon et al. (2004) uses a 6-fold compound option model to value R&D 

projects in the pharmaceutical industry, in order to imitate the R&D process that normal drug 

development projects go through. As this thesis is inspired by the model presented by Cassimon et 
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al. (2004) for valuing drug development opportunities, it is of course very important that this model 

is quite robust and effective at valuing the projects realistically. 

The model is mainly based on the theory by Geske (1979) and Thomassen and Van Vouwe (2001), 

who generalized Geske’s compound option model into an n-fold compound option model. Although 

the work by Thomassen and Van Vouwe (2001) is not yet published, it has been based on the 

accepted theory by Geske (1979), which was published in Journal of Financial Economics. We 

therefore also acknowledge that even though the work by Thomassen and Van Vouwe (2001) is not 

peer-reviewed nor published it still represents some of the most developed research of the n-fold 

compound option. It is also used by Cassimon et al. (2004), which is then referenced by several 

other papers (Hartmann and Hassan, 2006; Pennings and Sereno, 2011; van Bekkum et al., 2009), 

which therefore builds credibility to the model. It therefore seems fair to use their model, when 

trying to value new drug developments. 

The model by Cassimon et al. (2004) implicitly bundles both the economic risk and the technical 

risk into a common volatility measure.  However, an updated version of the model has been made 

by Cassimon et al. (2011), where the technical risk is explicitly incorporated in the model. The 

technical risk is incorporated in the model by including discrete success probabilities at each stage 

of development. The estimated value will therefore explicitly take into account the probability of 

advancing to the next stage, rather than assuming it to be incorporated into the volatility measure. 

This also means that the volatility measure should be adjusted, such that the technical risk is 

excluded from this measure, and thereby only includes the economic risk of the cash flows, such as 

the level of sales and profitability. 

Cassimon et al. (2011) compare this to a Poisson process, however, they comment that there is a 

conceptual difference between the two approaches. A Poisson approach could explicitly incorporate 

the technical risk of the project as well; however, it would assume that the technical failures occur 

randomly during the development duration and also that the probability of a technical failure is 

constant over time. The process of a new drug development project is in contrast to many other 

R&D projects much more regulated. Thereby, the path is more predefined and predictable as 

described in the introduction. Furthermore, as will also be elaborated later on, the probabilities of 

succeeding the different clinical trial stages are not equal to each other, and hence, the probability 

of a technical failure happening should not be considered constant. By using the discrete success 

probabilities, it thereby matches the reality better by only considering the probability of success at 
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each stage of the development process. Furthermore, it also provides flexibility to use different 

probabilities at each stage of the project. Conclusively, they find that much of the value of the 

project disappears once the technical risk has been explicitly included, which also makes intuitive 

sense, as it reflects the probability of succeeding. Thereby, when the probability is lower than one, 

the value decreases, which follows the concepts from expected values and normal probability 

theory. 

Another approach that includes the technical risk in the compound option model is made by 

Pennings and Sereno (2011), who tries to explicitly model the technical risk. Instead of considering 

the probabilities as discrete success probabilities, Pennings and Sereno (2011) models the technical 

risk using the Poisson jump process, which Cassimon et al. (2011) argued against. They have 

therefore estimated a parameter for the Poisson process that is constant with respect to time and 

reflects the cumulative probability of the project succeeding. Contrary to using the discrete 

probabilities, the approach by Pennings and Sereno (2011) finds that the value of the project 

increases by modeling the Poisson jump process into the compound option model. 

Another approach is taken by Lynch and Schockley (2016), which models the drug development 

process using the binomial model that was originally proposed by Cox et al. (1979). They therefore 

specifically modify the binomial model, such that it takes into account that there is a probability to 

advance to the next stage at certain points during the development process. Furthermore, they 

incorporate the R&D costs that are incurred throughout the drug development phase, such that this 

cost is also being taken into consideration in the binomial trees. In many aspects, the approach by 

Lynch and Shockley (2016) is therefore similar to the model proposed by Cassimon et al. (2011). 

Some researchers also challenge the assumption of a geometric Brownian motion in the Black-

Scholes model. This is for example done by Pennings and Lint (1997), who study the effects of pure 

jump processes, as they consider that changes to the underlying value of the option occur a random 

number of times, and these jumps have different impact on the underlying asset value. This is, 

however, only applied to the standard Black-Scholes model and they suggest that an area for further 

research could be to implement it in a Bermuda option or a compound option setting. 

Martzoukos and Trigeorgis (2002) incorporate a mixed jump-diffusion process, which represents 

uncertainties about arrival of new information regarding political uncertainty, competition, 
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technical innovation, regulatory effects, and so on. This is therefore mainly considering how to 

incorporate exogenous shocks to the project value, as the timings and impacts are unknown. 

As there exist plenty of variations of option pricing models, it will be out of the scope of this thesis 

to examine all of these models. The focus will therefore be on sequential compound options, which 

was originally proposed by Geske (1979), and further developed by Cassimon et al. (2004, 2011) in 

order to imitate the drug development process more realistically. Additionally, the binomial model 

by Cox et al. (1979), the Black-Scholes model (Black and Scholes 1973) and the traditional DCF 

model will also be applied in order to be able to discuss their differences, reliability and application. 

But why should this area be investigated further? Hartmann and Hassan (2006) explained that the 

capital allocation process for R&D projects is one of the most challenging tasks of portfolio 

management. It is important that the basis for executing these decisions is correct, and that efficient 

and reliable valuation models are applied throughout the process. This area of research is therefore 

used as a very important managerial decision tool for a very R&D intensive industry, as mentioned 

in the introduction. By investigating different valuation models, their performance can be evaluated 

and compared to each other. Nevertheless, significant misevaluation can occur if the models are not 

understood and applied correctly, and it is therefore essential to have the required understanding 

and knowledge of the models and their pitfalls. For example, simply summing the individual option 

values of a sequential project can result in serious misevaluation (Trigeorgis, 1993), as it will then 

ignore the fact that extra resources can be allocated if the project prospers (Gong et al., 2011). This 

is also why the focus chosen for this thesis is on compound options, as they are expected to better 

reflect the R&D decision process by having several correlated stages and multiple decision points.  
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3 Methodology and input estimation 

The last section explored and reviewed some of the literature that was considered relevant to this 

thesis. This section will further elaborate on the different valuation models that are being applied in 

this thesis, as well as establish the base scenario that are going to be used for the analysis. It will 

first focus on the valuation models and their methods in order to determine what variables that need 

to be estimated in the following section. 

3.1 Methodology 

As briefly mentioned, this section will elaborate on the methodology of the chosen models that are 

going to be benchmarked against each other in the analysis. Hence, it will walk through every 

model and explain what input variables are required, and what formula is being applied to 

determine the project value. We will therefore start with the traditional DCF method, before moving 

on to the option approaches where we will explain the binomial model, Black-Scholes model and 

the compound option valuation approach. 

3.1.1 The Discounted Cash Flow model 

The DCF model is the simplest model applied in this thesis and in many ways, it follows the 

concepts introduced by several corporate finance books (Berk and DeMarzo, 2013; Brealey et al. 

2012). The valuation provided by this model is based on the present value of the future cash flows 

of the project. The input variables required for the DCF valuation will be estimated in the following 

section. Once the input variables have been estimated, a model will be constructed that first reflects 

the periods with R&D and afterwards the cash flows from commercialization. The specific formula 

for the DCF valuation is shown below. 

𝑁𝑃𝑉 = 𝑅𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑐𝑎𝑠ℎ 𝑓𝑙𝑜𝑤𝑠
(1 + 𝑟)  

𝑤ℎ𝑒𝑟𝑒 𝑟 = 𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 

This shows that once the relevant cash flows have been determined, they should be discounted at 

the cost of capital to arrive at their present value. In this thesis, the relevant cash flows are 

considered to be the future free cash flows generated by the project, which are the cash flows 

available to all investors (both debt holders and shareholders) and will be determined in a later 
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section. The formula above therefore provides the value of the project before entering (Berk and 

DeMarzo, 2013). 

However, the formula above has to be adjusted in order to incorporate the risk of failure during the 

drug development process. In each clinical phase, there is a probability that the drug will not 

succeed and therefore have to be abandoned. Therefore, the cash flows following each phase will be 

adjusted, such that they reflect the expected value and thereby become risk-adjusted. This is aligned 

with the method described by Bogdan and Villiger (2010), where the future cash flows have been 

adjusted for the risk of failure. 

This risk-adjustment is done by using the probabilities of advancing from any given phase and 

thereby the expected value of the future cash flows is calculated. A brief numerical example is 

provided to create clarity; for phase 1 there is a 100% certainty that the given cash flows of this 

phase will occur, hence no correction need to be made. However, for the cash flows of phase 2 to 

occur, the project will have to advance from phase 1, and this has a probability of 61.1%. The cash 

flows in phase 2 therefore have to be adjusted with this probability. In later stages the cumulative 

probability2 will have to be used, as for example phase 3 will not occur unless both phase 1 and 

phase 2 have been successfully completed. The probabilities of succeeding from each phase will 

therefore impact the final valuation, as there is a risk that the projects will suddenly have to stop 

after a clinical trial phase. 

The output provided by the DCF model will therefore be a risk-adjusted NPV (rNPV), since it is 

basically the ‘normal’ DCF NPV value, but adjusted for the risk of not succeeding in any given 

phase. 

3.1.2 The binomial model 

The binomial model is more complex than the DCF and also requires more modeling in order to 

estimate the project value. The method applied in this thesis is based on the influential paper by 

Cox et al. (1979), however, in order to take into account the chance of succeeding in each phase, the 

binomial tree will be modified, such that at each research phase the model takes into account the 

probability of advancing to the next phase (Lynch and Shockley, 2016; Bogdan and Villiger, 2010). 

                                                 

2For Phase 3: Ρ[𝑃1 ] ∗ Ρ[𝑃2 ] = 𝐶ℎ𝑎𝑛𝑐𝑒 𝑜𝑓 𝑟𝑒𝑎𝑐ℎ𝑖𝑛𝑔 𝑃3 → 61.1% ∗ 45.2% = 27.6% 
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This modification is described in greater detail later in this section, but first the Binomial tree, 

which is going to show the development of the value of the underlying asset, will be explained in 

detail. 

As the value of the underlying asset (in this case the R&D project) is mainly determined by its sales 

potential, the development of this parameter will be modeled using a binomial tree. From the 

binomial tree the possible values at the end of the drug development process can be derived. Hence, 

the starting point for the binomial tree is the estimated peak sales (𝑆 ) and based on the estimated 

volatility parameter the development in the peak sales is determined. This is done by using the up- 

and down-factors calculated as below. 

𝑢 = 𝑒 ∗  

𝑑 = 𝑒 ∗ = 1
𝑢 

𝑤ℎ𝑒𝑟𝑒 𝜎 = 𝑣𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦 

The peak sales in the future time periods can therefore be determined by multiplying the current 

estimate with the up- and down-factors. The development in the peak sales will be similar to the left 

part of the figure below, however, the figure shows a binomial tree with only two future periods, 

whereas the model constructed for the drug development project will include several more. The 

binomial tree for the underlying asset (left part of figure 5) is only used in order to determine the 

expected peak sales at time of commercialization. Based on the estimates of the peak sales from the 

binomial tree, a DCF approach can be used to determine the value of the underlying asset, which is 

the right part of figure 5. 

The last time step of the right part of figure 5 is thereby derived using the estimates of the peak 

sales in the final time step. By using backward induction, the project values prior to the final time 

step can be determined. However, the DCF approach no longer has to adjust for risk, as there are no 

more research phases left at this point in time and thereby the risk of failure does no longer exist. 

The risk of failure will be incorporated in the earlier phases through modification of the binomial 

model, as will be described later. Additionally, the DCF should only discount back to the point 

where the research phases end, as the binomial model has already incorporated the discounting back 

to present time. 
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Figure 5 – Illustration of binomial trees 

Using backward induction, the project value is determined through the binomial model. In order to 

determine the value, we first have to determine the probability for an up-movement in the right side 

of figure 5. This is done by using the formula below. 

𝑝 = (1 + 𝑟) − 𝑑
𝑢 − 𝑑  

This probability represents the probability for moving up in the binomial tree and accordingly 1 − 𝑝 

will therefore represent the probability of moving downwards in the binomial tree. The value of the 

project in the right side of figure 5 can now be determined at any given time step by using the 

following formula. Hence, the value in each time step is reliant on the possible future outcomes. 

𝐶 = 𝑝 ∗ 𝐶 , + (1 − 𝑝) ∗ 𝐶 ,
(1 + 𝑟)  

However, as there is also an outflow of cash during the R&D phase, this has been implemented into 

the formula, which is shown below. 

𝐶 = 𝑝 ∗ 𝐶 , + (1 − 𝑝) ∗ 𝐶 ,
(1 + 𝑟) − 𝑅&𝐷  

Here 𝑅&𝐷  represents the cost at the current time, as the R&D expenses are assumed to be paid in 

the beginning of the period. However, as mentioned in the beginning, the risk that the project 

advances from any given phase should also be incorporated. A modified formula is therefore 

applied at the end of every R&D phase, to adjust for the fact that the project may not advance. This 

is shown in the formula below. 
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𝐶 = 𝛲 𝑝 ∗ 𝐶 , + (1 − 𝑝) ∗ 𝐶 ,
1 + 𝑟 − 𝑅&𝐷  

𝑤ℎ𝑒𝑟𝑒 𝛲 =  𝑡ℎ𝑒 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑎𝑑𝑣𝑎𝑛𝑐𝑖𝑛𝑔 𝑡𝑜 𝑡ℎ𝑒 𝑛𝑒𝑥𝑡 𝑝ℎ𝑎𝑠𝑒 

The model will therefore take into consideration that there is a probability of failure in every phase. 

The expectations of the future cash flows are therefore risk-adjusted. The binomial model also 

includes the option element. This is implemented by imposing a boundary condition at the end of 

every research phase, such that the project is only continued if the value at that point in time is 

positive. Hence, in formal terms it can be described as follows. 

𝑀𝑎𝑥(𝐶 , 0) 

This restriction is only imposed at the end of each research phase, to reflect the fact that it is at these 

points in time that the option to abandon exist. This abandonment option will be exercised in case 

the project is unprofitable, based on the information at that specific point in time. The value 

provided by the binomial model is therefore the sum of both the actual project value and the option 

value. The implied option value of the project can be found by taking the difference between the 

value of the DCF model and the binomial model. 

3.1.3 The Black-Scholes model 

The Black-Scholes model, which will be examined in this section, was introduced in the seminal 

paper by Black and Scholes (1973). When setting up the more mathematically advanced Black-

Scholes model, the only new input required is the risk-free rate. This is because the Black-Scholes 

model relies on replicating portfolios, discounted at the risk-free rate, in order to determine the 

value of the option. The formula for the Black-Scholes model and definition of the input variables 

are given below (Black and Scholes, 1973). 

𝐶 = 𝑉 ∗ 𝑁(𝑑 ) − 𝐾 ∗ 𝑒 ∗  𝑁(𝑑 ) 

𝑑 =
ln 𝑉

𝐾 + 𝑟 + 𝜎
2 𝑇

𝜎 ∗ √𝑇 , 𝑑 = 𝑑 − 𝜎 ∗ √𝑇 

𝑉 = 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑢𝑛𝑑𝑒𝑟𝑙𝑦𝑖𝑛𝑔 𝑎𝑠𝑠𝑒𝑡 
𝜎 = 𝑣𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦 
𝐾 = 𝐸𝑥𝑒𝑟𝑐𝑖𝑠𝑒 𝑝𝑟𝑖𝑐𝑒 
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𝑟 = 𝑅𝑖𝑠𝑘 − 𝑓𝑟𝑒𝑒 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 
𝑇 = 𝑇𝑖𝑚𝑒 𝑡𝑜 𝑚𝑎𝑡𝑢𝑟𝑖𝑡𝑦 

𝑁(∙) = 𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 

As the formula does not require a lot of model constructions and has not been modified, the focus of 

this section will be on the way it is applied in this thesis. To determine the value of the option, the 

input variables just have to be entered into the above formulas and they will return the value of the 

option, which equals the value of the R&D project. 

The challenge regarding the Black-Scholes formula is, however, that the formula is originally built 

for valuation of a single option, and not a series of options. Hence, it can be applied in several 

different ways. In order to reflect the most extreme cases, this thesis will both apply the Black-

Scholes assuming the project as a single option, and as a series of options, where the underlying 

asset is considered the next option in the sequence. By choosing these scenarios, it is assumed that 

practitioners will either apply it considering the project as a single option or as a series of options. 

Considering it as a single option is of course not correct, taking into account that there are several 

decision points throughout the duration of the project. The other alternative is to view the project as 

several options, where the underlying asset is considered to be the next option in the sequence. This 

is again not optimal due to the fact that the underlying asset should always be the project. However, 

this model is able to capture the fact that there are several decisions to make. 

In the scenario, where the project is treated as a single option, the future cash flows will therefore 

be lumped together into two parts; the commercial cash flows and the R&D expenditures. The 

underlying asset is considered to be the commercialization phase and the exercise price is the R&D 

expenses that are required in order to develop the product. If the value of the underlying asset does 

not turn out to be greater than the exercise price, the company will let the option expire without 

exercising. 

In the other scenario, it is only the last option that will consider the commercialization phase as the 

underlying value, and the exercise price is the cost required to enter the commercialization phase. 

The underlying asset in the second to last option will therefore be the final option, with an exercise 

price equal to the cost of the R&D phase prior to commercialization, and so forth for the rest of the 

options. The valuation is therefore a series of options with the next option in the sequence as the 

underlying asset. This scenario is closer to the compound option, which takes into consideration 
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that the project is a series of options, or options on options, which will be discussed further in the 

next section. 

3.1.4 The compound option model 

The most advanced option models applied in this thesis are the compound option models from 

Cassimon et al. (2004) and Cassimon et al. (2011). These models indirectly are based on the Black-

Scholes formula; however, they have been modified to better fit sequential options, which are 

options on options. This fits quite well to the staged investment process considered by this thesis. In 

the context of the project considered in this thesis, it is an option on a business decision; whether to 

commercialize the project or not, if it is approved after the R&D phases, which represent the staged 

investments. The extension made in Cassimon et al. (2011) is the introduction of an explicit 

technical risk parameter, whereas the first model assumes it to be captured by the volatility 

parameter. 

In order to construct the models properly, it was first applied to the numerical example from 

Cassimon et al. (2004), which also considers a drug development project. This was done in order to 

make sure that the model was applied correctly, due to the complexity and advanced mathematical 

level of the model. However, it uses a 6-fold compound option, whereas this thesis will apply a 4-

fold compound option, as we consider a more developed drug, which is about to go into the clinical 

trials. Hence, two of the early phases have been removed from the model of Cassimon et al. (2004), 

however the formulas for the model remain the same, as it was using a generalized formula for an 

n-fold compound option model. 

Hence, the following formulas are applied to determine the value of the drug development project 

using the compound option model without an explicit technical risk factor. 

𝐶 (𝑉, 𝑡) = 𝑉𝑁 (𝑎 , … , 𝑎 ; 𝐴 ) − 𝐾 𝑒 ( )𝑁 (𝑏 , … , 𝑏 ; 𝐴 ) 

𝑏 =
ln 𝑉

𝑉 + 𝑟 − 𝜎
2 (𝑡 − 𝑡)

𝜎 𝑡 − 𝑡 ,                                         𝑓𝑜𝑟 𝑖 = 1, … , 𝑛 

𝑎 = 𝑏 + 𝜎 𝑡 − 𝑡,                                                             𝑓𝑜𝑟 𝑖 = 1, … , 𝑛 

𝐴ℓ = 𝑎ℓ
, ,…,ℓ

𝑎 = 1                                                                  
𝑎 = 𝑎 = 𝜌 ,                                𝑓𝑜𝑟 𝑖 < 𝑗  
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𝜌 = 𝑡 − 𝑡
𝑡 − 𝑡 ,                                                                      𝑓𝑜𝑟  𝑖 < 𝑗 

𝑉 = 𝑡ℎ𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑜𝑓 𝐶 (𝑉, 𝑡 ) = 𝐾                           𝑓𝑜𝑟 𝑖 = 1, … , 𝑛 − 1 
𝑉 = 𝐾  
𝑁 (∙) = 𝑛 − 𝑣𝑎𝑟𝑖𝑎𝑡𝑒 𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛, 
                𝑤𝑖𝑡ℎ 𝐴ℓ 𝑎𝑠 𝑡ℎ𝑒 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑎𝑡𝑟𝑖𝑥 

The modification made to the formulas in order to have an explicit risk factor is shown below. 

𝐶 (𝑉, 𝑡) = ℎ 𝑉𝑁 (𝑎 , … , 𝑎 ; 𝐴 ) − ℎ 𝐾 𝑒 ( )𝑁 (𝑏 , … , 𝑏 ; 𝐴 ) 

ℎ = 𝑝 𝑝 … 𝑝 𝑝  
𝑤ℎ𝑒𝑟𝑒 𝑝  =  𝑡ℎ𝑒 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑡𝑒𝑐ℎ𝑖𝑛𝑖𝑐𝑎𝑙 𝑠𝑢𝑐𝑒𝑠𝑠 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑖 

The modification will therefore reduce the value of the project all else being equal, as the 

probability for technical success will be below one. 

As can be derived from the formulas above, in a scenario with only a single option (not 

compounded) the formula for the compound option is the same as the Black-Scholes formula.  

However, it is also observable that the compound option model is more complex, mainly due to the 

fact that it relies on multivariate normal distributions, rather than standard normal distributions, 

which the Black-Scholes model does. This section will therefore go through the compound option 

models and try to explain the models in detail and the methodology applied in this thesis. 

One of the main differences compared to Black-Scholes model, which needs to be taken into 

account, is the multivariate normal distributions that are incorporated in both terms of the formula. 

The multivariate normal distribution extends the standard normal distribution by considering a 

vector of integrals rather than a single value. It thereby calculates the probability function, given the 

entire vector and their respective correlations. 

The correlations calculated in the compound option model can be interpreted in the following way. 

If assuming that there are two decision points at the exact same point in time, the correlation will be 

1, hence they are perfectly correlated. This also makes sense, as they are based on the same set of 

information. When these decisions become more distant with respect to time, the correlation factor 

becomes lower, and thereby reflects a lower degree of correlation. This also makes intuitive sense, 
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as the probability of new information to arrive becomes larger when the time gap is greater. 

Thereby, it represents a larger uncertainty of what will happen in the future. 

The multivariate probability functions are therefore used both with regards to the exercise costs and 

the value of the underlying asset. However, as there are multiple decision points in the compound 

option model, the use of multivariate normal distributions is required. This is in order to account for 

the correlations that exist between the different points in time, which is determined by the 

correlation matrix 𝐴ℓ. Furthermore, this correlation matrix has to be determined for every given 

decision point with regards to all future decision points, as the current time of the decision point is 

also taken into consideration by the formula for the correlation. A single correlation matrix is 

therefore not sufficient, as it would not be able to determine the right correlation between decision 

points for other points in time, than the one considered. Therefore, the compound option model in 

this thesis facilitates 10 different correlation matrices. As Excel is not able to calculate the 

cumulative probabilities of multivariate formulas, it has been necessary to use Mathematica, a 

mathematical programming software, in order to determine the probability functions. Besides 

Mathematica the compound option model has been developed solely in Excel. 

The variables 𝑎  and 𝑏  are similar to the Black-Scholes variables 𝑑  and 𝑑  with the single 

modification that the exercise cost has been replaced with 𝑉 . 𝑉  is as such defined as the value of 

the underlying asset at a point in time that will make the investor indifferent between exercising and 

letting the option expire. This has been implemented in the model by reformulating the condition 

for 𝑉  according to below and using the Solver in Excel to find the value of 𝑉 that solves below 

equation and thereby serves as 𝑉 . 

𝑉 = 𝑡ℎ𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑜𝑓 𝐶 (𝑉, 𝑡 ) − 𝐾 = 0  

Furthermore, these variables are required for every exercise point, as the model utilizes backwards 

induction. The matrices, various variables and the option values have therefore been estimated for 

every point in time, where a R&D phase ends, in order to apply backward induction and calculate 

the final option value. 

Additionally, the extended model introduces an explicit variable for the probability of technical 

success, which works according to probability theory. This affects both the underlying value of the 

asset, as well as the exercise prices. Furthermore, the different exercise points get affected 

differently by this parameter, as the probability is cumulative such that the final exercise is 
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dependent on the fact that all prior points need to be successful. Otherwise the project would have 

been dropped earlier in the process. The first exercise point will therefore only be reliant on the 

probability that the first project stage is a success. 

Additionally, it should be noted that neither the Black-Scholes model nor the first compound option 

model use an explicit probability of advancing from a given phase into consideration. These 

specific models rely on the volatility measure to capture the full uncertainty of the project regarding 

both the economic risk, as well as the uncertainty of developmental success; in other words, the 

technical risk. This needs to be taken into consideration, and will also be a point of analysis and 

discussion in later sections, where the results of the different models are analyzed and discussed. 

3.2 Input estimation 

As the different models and their methodology have now been explained, we will now turn to the 

estimation of the different input variables that are required in the models. This section will therefore 

first go through the estimation of volatility, then the cost of capital and finally the cash flows. 

3.2.1 Estimation of volatility  

When pricing financial options, the volatility parameter is usually estimated based on the volatility 

of the underlying stock. Higher volatility gives a higher option value. The option value increases 

due to the fact that higher volatility implies that the price range of the underlying asset increases, 

but as there is always a minimum value of zero; the upside is greater with no further downside risk 

(Berk & DeMarzo, 2013). 

In the case of real options, which are considered in this thesis, the effect is the same, but the 

definition of the specific volatility that should be applied is not as well defined, because the 

underlying asset is not traded. Within academia, various methods are therefore used to estimate the 

correct volatility. Geske (1979) defines the volatility as the instantaneous variance of the return of 

the assets of the firm. However, Geske (1979) does not further elaborate on how to estimate the 

volatility measure. Cassimon et al. (2004) uses the standard deviation for equity in the 

pharmaceutical industry as a proxy for asset volatility, which is a relatively common and simple 

approach. 
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Alternative methods to estimate the volatility for real options are also used in the literature, such as 

the logarithmic cash flow return method (Kodukula & Padudesu, 2006; Mun, 2005). This method 

uses the standard deviation of possible cash flow returns, and is generally considered a good 

estimate of project volatility. However, it cannot be used on negative cash flows and since much of 

the uncertainty in a drug development process lies in the development phases, where the cash flows 

are negative, the method is not applicable to this specific industry. Other very sophisticated 

methods such as Monte Carlo simulation and ARCH/GARCH models are also mentioned (Mun, 

2005; Kodukula & Padudesu, 2006). Nevertheless, in the ARCH/GARCH methods the results can 

be difficult to incorporate into an option valuation model. The Monte Carlo simulation could be a 

useful approach, but it is deemed out of scope for this thesis due to its complexity. 

Other methods focus on what is already known, meaning that you can for example use volatility 

from either older projects or what is observable in the market. These can be used as a proxy for the 

volatility of the project (Mun, 2005). The market proxy approach is relatively easy to use, as you 

can use indices or comparable stock returns to estimate the volatility. A drawback to this is that 

good and relevant comparables can be hard to find. Another approach, which is expected to be 

applied frequently by companies and practitioners, is the management assumption approach, even 

though it is considered rather unreliable from an academic perspective (Mun, 2005). This approach 

is essentially based on a best guess from management. 

Common to the use of either old projects as a proxy or management assumptions, is that they are 

out of scope for this paper, as the information is not accessible, when there is not a specific case in 

consideration. 

For the analysis in this thesis, the market approach has to some extent been used, meaning that the 

volatility of the market return for different market indices and companies for the last five years have 

been tested. Furthermore, the standard deviation of the whole industry has also been investigated, 

which is comparable to the method used by Cassimon and colleagues (2004). This investigation of 

the different stock returns provided a range of volatilities from around 21% to approximately 90%. 

This is obviously a quite large interval, and it can therefore also reinforce the notion that it is 

difficult to estimate the volatility for real options. All stock return data has been collected from 

Yahoo Finance (2017). 
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First, the volatility of the Nasdaq Biotechnology Index (NBI) was estimated. The estimate obtained 

was found to be quite low, which can be explained by the diversification that exists, when using an 

index with many stocks. Since this thesis evaluates a single drug within diabetes, it seemed fitting 

to also examine the volatility of some of the larger players in that market. Therefore, the stock 

return volatilities of Eli Lilly, Sanofi and Novo Nordisk were also investigated. Sanofi and Eli Lilly 

both showed quite low volatility, while the volatility of Novo Nordisk was a bit larger, but still low 

compared to other companies in the sample. These three companies are some of the large players in 

the pharmaceutical industry, therefore they also have other drug types in their pipeline and 

portfolio. An example is Novo Nordisk, who also produces drugs for hemophilia and obesity (Novo 

Nordisk, 2017b). This indicates that these companies are diversified, as their product portfolio 

consists of drugs targeted towards several different markets, and thereby they are not a perfect 

proxy for the volatility of a diabetes product development. 

Since this thesis wishes to examine a single project, the optimal volatility to apply should therefore 

also reflect this fact rather than a whole portfolio of projects. It is believed that a good proxy for this 

could be the stock returns of a one-drug company, as their volatility would not contain any noise 

from other products. Therefore, a one-drug company was found to inspect how the volatility differs 

from the large pharmaceuticals tested before. The company Mannkind Corporation (Mannkind 

Corporation, 2017) has only one diabetes product on the market, and nothing in their pipeline. 

Therefore, it should give a good indication of what the project volatility looks like, when there are 

no other products interfering on their stock price. The volatility of their stock is in the high range of 

the sample, indicating that single projects might have higher volatilities than whole companies, 

which makes sense from a portfolio theory perspective. On the other hand, Bernardo and Chowdhry 

(2012) argue that the company volatility captures the volatility of both the company’s capital 

structure and future growth options, thereby overestimating the volatility and the project value. The 

method they use first unlevers the volatility for debt and afterwards it is divided by the growth 

options unlevering factor of 1.70. This growth options unlevering factor is a factor estimated by 

Bernardo and Chowdhry (2012) for several different industries, and reflects the average relationship 

between asset and project volatilities. Using this approach provides a project volatility estimate of 

approximately 40%. 

Damodaran (2017) estimates the volatility for both the biotechnological and pharmaceutical 

industry in the US, independently of each other. The biotechnological volatility estimated is in the 
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high range of the sample and it is also considerably higher than the estimate for the pharmaceutical 

industry. 

Finally, several stocks in the NYSE ARCA biotech index were randomly selected to see how they 

differed in volatility. Both large, medium and small companies3 were chosen and tested to see if any 

clear differences appeared among them. Observing the different volatilities, it seems to be a trend 

that large companies have a lower volatility than smaller companies. However, these observations 

are not being tested for any statistical significance and thereby no conclusion can be made as to 

whether this is a correct hypothesis. 

To sum up, a total of 13 different stock return volatilities were tested and it provided a range from 

approximately 21% to 90%. Since it seemed quite noticeable that companies with a larger portfolio 

of drugs have a lower volatility, it is believed that a volatility estimate in the high end should be 

chosen to better reflect a single project. Bernardo and Chowdhry (2012), argues that volatilities 

used for project valuation should be adjusted and are usually smaller, and their arguments are well 

framed. As the volatility observed from the one-drug company was quite high, and the project of 

this thesis suits the characteristics of a one-drug company quite well, it is believed that a high 

volatility estimate should be used as a proxy. One could argue that this reflects that the single 

project has its own implicit growth options, which could be to expand to other regions for example. 

These growth options are assumed to be a part of the project value and thereby it might not be 

applicable to adjust the volatility measure. It does therefore not seem relevant to adjust the volatility 

measure following Bernardo and Chowdhry (2012), as it would provide a very low volatility 

measure, which goes against some of the findings of this section. Additionally, the volatility 

parameter is very difficult to estimate for real options, and it seems irrelevant to try to adjust an 

estimate that by definition might not be precise. The required adjustments might be regarding the 

underlying assumptions rather than the specific parameter. 

To remain conservative, since the volatility for Mannkind is very high, the industry average 

Damodaran (2017) have found for the biotech industry in the US has been chosen. This provides a 

volatility of 75.23%, which is in the higher part of the sample, matching the assumptions and 

hypothesis discussed throughout this section. 

                                                 

3 Company sizes were based on market capitalization 
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As mentioned throughout this section, using stock returns as a proxy is not certain to capture the 

full volatility of a single drug development project. In a perfect world, one could imagine that one 

of the best measures for the volatility would be the stock return volatility of a company in the 

relevant period of a project, such that the noise from other projects and general market fluctuations 

is left out. This could provide a volatility estimate for the different phases, which could serve as a 

good input for a sophisticated model, such as the 4-fold compound option model analyzed in later 

sections. This would utilize historical data to forecast future events, which can be considered 

inferior, compared to forward-looking estimates. Therefore, practitioners could definitely consider 

using a Monte Carlo simulation of future cash flows, as this considers various future possibilities 

and is thereby forward-looking. 

The optimal volatility measure would incorporate all types of uncertainty that a project faces, and 

match the definition of volatility implied by the respective models. Hence, for some of the models 

analyzed in this thesis it should capture both economic and technical uncertainties, whereas it 

should leave out technical risk in models where the technical risk is incorporated explicitly. For 

financial options, it is quite easy to estimate volatility, as most uncertainty is captured in the stock 

price volatility, but for real options it is extremely hard to capture the full uncertainty in one 

measure. 

3.2.2 Estimation of cost of capital 

Estimating the cost of capital and thereby choosing an appropriate discount rate greatly impacts the 

valuation of an investment opportunity. Using a too high discount rate can cause underinvestment, 

as this will estimate a NPV that is too low and vice versa with a too low discount rate (Berk and 

DeMarzo, 2013). The discount rate is one of the important inputs, when evaluating whether projects 

are profitable and the importance of this parameter is also highlighted in the sensitivity analysis 

later in the thesis. 

Structure of analysis  

The following sections will go through the various steps taken to estimate the discount rate used in 

the analysis. The Weighted Average Cost of Capital method (WACC) is used, meaning that the 

main factors are; the capital structure, cost of equity and cost of debt. The capital structure has been 

found using industry averages of debt and equity. To find the cost of equity the capital asset pricing 

model (CAPM) has been used. The CAPM has been estimated in several ways using regular beta, 
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asset beta (unlevered beta), as well as project beta, in line with Bernardo and Chowdhry (2012), to 

see what the effects are. At last the cost of debt has been estimated using the 10-year US Treasury 

bond rate and an expected default spread. The 10-year Treasury bond rate has been chosen for this 

purpose, as several corporate finance books suggest that US Treasury securities should be used for 

dollar nominated projects (Berk and DeMarzo, 2013). Furthermore, the 10-year rate was chosen as 

the project time horizon is quite long, but the 30-year rate is so long that it is no longer considered 

risk-free. The default spread that is added to the cost of debt reflects that the project is not risk-free 

and therefore the spread reflects the riskiness of debt for the specific project. 

To calculate the WACC the below formula has been used. 

𝑟 = 𝐷
𝑉 × 𝑟 × (1 − 𝜏) + 𝐸

𝑉 × 𝑟  

𝐷 = 𝑡ℎ𝑒 𝑑𝑒𝑏𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 
𝐸 = 𝑡ℎ𝑒 𝑒𝑞𝑢𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 
𝑉 = 𝐷 + 𝐸 
𝑟 = 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑟𝑒𝑡𝑢𝑟𝑛 𝑜𝑛 𝑑𝑒𝑏𝑡 
𝑟 = 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑟𝑒𝑡𝑢𝑟𝑛 𝑜𝑛 𝑒𝑞𝑢𝑖𝑡𝑦 
𝜏 = 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑡𝑎𝑥 𝑟𝑎𝑡𝑒 

As the cost of capital is a market driven number, the debt and equity is taken at market prices and 

therefore, the V also reflect the market value of the firm. (1 − 𝜏) reflects the savings made from the 

interest tax and signifies the tax savings obtained from holding debt (Berk and DeMarzo, 2013). 

Full benefit of the interest tax shield is therefore assumed, which means that the company is able to 

either shield its income with the interest tax shield, or use it as a tax deferral. By using the WACC 

as the estimator for the cost of capital the capital structure is also considered constant, as a changing 

capital structure would also alter the WACC. 

The WACC is used to find a weighted average of the return that the different types of investors 

require to invest in the company or project. This is in line with the theory of free cash flows, as 

these are the cash flows available to all investors in the company, who will expect to get 

compensated for the risk they take (Berk and DeMarzo, 2013). The method in this thesis is quite 

simple, as it only takes into account the debt and common stock, but in reality, one should take into 

account all the different kinds of investors present in a company or project. Therefore, the risk taken 



Page 38 of 134 

 

by different investor types is calculated through different methods and weighted by the share the 

certain type of investment takes up of the entire firm value (Koller et al., 2015). 

Method for data gathering 

To find appropriate data for the estimation of the cost of capital, several methods have been used 

and weighted against each other. Data gathered specifically for this thesis was found on the Capital 

IQ database, and comprises financial statement data for 679 companies (Capital IQ, 2017). These 

companies are classified under the industry classification; pharmaceuticals, biotechnology and life 

sciences, but tools and services have been disregarded, as these are not directly comparable to the 

type of companies this paper researches. 

Furthermore, as the analysis is based on the US, only companies listed in the US are included. To 

find betas, two methods were used. The Capital IQ database has implied 5-year betas for most of 

the companies, which was analyzed. Additionally, we calculated the betas for NBI and NYSE 

ARCA Pharmaceutical Index (DRG), to find betas for the biotechnology and the pharmaceutical 

industry, respectively. The betas were found by regressing the returns of the indices on the returns 

for the S&P500 index, which reflects the market returns. 

Further, industry data from Damodaran (2017) has been assessed. This data contains industry 

averages for beta, capital structure, tax, debt coverage and market premium. The data obtained from 

Damodaran (2017) has proven to go very in depth and be quite sophisticated, as several databases 

are merged to obtain the dataset and therefore this data has also been used to a high degree in the 

estimation of other input variables. Weekly stock data for S&P500, DRG and NBI for the last 5 

years have been obtained from Yahoo Finance (Yahoo, 2017). 

Weighted Average Cost of Capital  

The WACC is a tool often used to estimate companies’ cost of capital, because of its simplicity and 

applicability for valuation purposes. As long as the capital structure is expected to remain largely at 

the same level, the WACC is a well-regarded and robust method for valuing companies and projects 

(Koller et al., 2015). As mentioned, the WACC is mainly a result of three inputs: cost of debt, cost 

of equity and capital structure. As this thesis does not use a specific firm, the various inputs are 

found using own estimates, as well as others’ analyses of sector averages for the three inputs. 

Through the next three sections these inputs and assumptions for obtaining them will be discussed 



Page 39 of 134 

 

in depth, all with the purpose of finding the discount rate to use in subsequent modeling and 

analyses. 

Capital structure 

Based on the data collection for this thesis it is clear that companies in the life sciences industry 

generally have a relatively low share of debt in their capital structure. This may be due to the risky 

nature of the business and there is therefore a high degree of capital from equity investments. In the 

early stages, financing could for example be obtained from venture capitalists and licensing 

agreements and later on when the firm matures the equity capital can usually be obtained from 

IPO’s and share capital in general (Lo and Naraharisetti, 2014). From Damodaran (2017) industry 

averages for debt-to-value is 16.28% and 12.72% for biotechnological and pharmaceutical firms 

respectively. The data from Capital IQ made for this study shows an average debt-to-value for 

biotechnological firms of 51% and 15.7% for pharmaceuticals. The reason for the differences, 

especially in biotechnology, between the datasets can both be due to Damodaran using own industry 

classifications, but also that his data is more sophisticated, as more sources are used. 

Cost of debt 

Due to the use of industry averages, an analysis of the use of different kinds of debt issuances 

cannot be made. To obtain the cost of debt, several methods have been tested. One is based on a 

lecture by Damodaran (2014), where a default spread is added to the risk-free rate. The default 

spread is found using the interest coverage ratio4, which is grouped in different intervals 

corresponding to a credit rating that leads to a certain spread. This method makes intuitive sense to 

use, as a worse ability to make interest payments through EBIT makes the credit spread larger, and 

thereby a larger risk is associated with the debt. 

Due to the quality of data in the sample obtained from Capital IQ, Damodaran’s data has been used. 

The method used in his data set differs slightly from the method described above (Damodaran, 

2017b). The default spread for the industry averages, is obtained using the standard deviation of the 

stock prices over the last 5 years, and correspondingly these are given an interval in which a 

specific spread is used, where a higher volatility level results in a higher spread. 

                                                 

4 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑎𝑡𝑖𝑜 =    
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In this thesis, the risk free rate was found to be 2.45% based on the 10-year US Treasury bond rate. 

Using the dataset supplied by Damodaran, the default spread added to the risk free rate is 2.75%. 

Thereby, the cost of debt ends up at 5.20%. 

Cost of equity  

The cost of equity is the return that equity investors require in compensation for the risk of the 

project. This is typically higher than the cost of debt, as equity holders are less protected compared 

to debt holders in the case of bankruptcy. The cost of equity is estimated using the CAPM. The 

CAPM consists of three factors; the risk-free rate, as obtained above, beta and the market risk 

premium, which is obtained by taking the market return minus the risk-free rate. Thus, the market 

premium reflects what you can expect to earn in the market beyond the risk free rate (Berk 

&DeMarzo, 2013). The formula for CAPM looks as follows. 

𝑟 = 𝑟 + 𝛽 𝑟 − 𝑟  
𝛽 = 𝑏𝑒𝑡𝑎 
𝑟 = 𝑚𝑎𝑟𝑘𝑒𝑡 𝑟𝑒𝑡𝑢𝑟𝑛 

The beta in the CAPM formula measures the covariance of the stock with the return of the market. 

The beta thereby reflects the non-diversifiable risk you obtain by investing in a single company, i.e. 

the “incremental risk to a diversified investor” (Koller et al., 2015, p. 279) and has the formula 

shown below. 

𝛽 = 𝐶𝑜𝑣𝑎𝑟(𝑟 , 𝑟 )
𝑣𝑎𝑟(𝑟 )  

In this thesis, the betas have been estimated through various methods to find a result that seem 

appropriate to the risk of investing in a drug development project. An average of the five-year betas 

implied by the Capital IQ database gave a beta of 1.30, which is for the whole life sciences industry, 

meaning that both pharmaceutical and biotech firms are included. Further, betas from weekly 

returns on the NBI and DRG in the last five years have been regressed on the S&P500 giving betas 

of 1.23 and 0.81 for the biotech and pharmaceutical index, respectively. The indices are used as 

proxies for companies in either of these two industries, but it is also recognized that indices have a 

certain diversification because they contain many companies. Even though these companies are 

from the same market, it is expected that betas from these estimates are smaller than for single 

firms. Furthermore, betas for Sanofi, Novo Nordisk and Eli Lilly have also been calculated to 



Page 41 of 134 

 

investigate how the level of betas for other firms developing drugs against diabetes look. These 

were all found to be very low, indicating a low correlation with the market. 

The last estimate considered for the analysis is the betas obtained from Damodaran (2017). He finds 

that the beta for the pharmaceutical industry is 1.02 and the beta for the biotech industry is 1.40. 

Therefore, a general finding seems to be that the betas of the biotech industry are higher than those 

for the pharmaceutical industry. This implies that the biotech industry is more sensitive to 

movements in the market than the pharmaceutical industry firms. 

Since this thesis investigates methods for valuing projects and the beta is supposed to reflect the 

risk thereof, other measures to obtain the best possible measure for the beta for projects have also 

been researched. A measure that was found to be interesting was the project beta, as suggested by 

Bernardo and Chowdhry (2012). This is noteworthy because the equity beta, as attempted to 

estimate above, does not only capture the risk of the current portfolio of projects in the company, 

but also the firm’s future growth options. Therefore, Bernardo and Chowdhry (2012) suggest a two-

step approach to adjust for these effects. The first step is to unlever the beta. Unlevering the beta 

reverses any effects that financial leverage may have on the beta obtained from the equity. Since the 

capital structure is already reflected in the WACC the beta does not need to reflect it as well 

(Bernardo and Chowdhry, 2012). The formula for the unlevered beta is the following. 

𝛽 = 𝛽
1 + (1 − 𝜏) × 𝐷

𝐸
 

𝛽 = 𝐿𝑒𝑣𝑒𝑟𝑒𝑑 𝑏𝑒𝑡𝑎 

The fact that effects from debt financing is removed, means that the risk related to firm leverage is 

taken away. The tax is also considered in this case, because it has an influence through the interest 

tax shield. Thus, after unlevering the beta only systematic risk is left and this is called the asset beta. 

The tax rates in the self-constructed dataset have been found from Trading Economics website 

(Trading Economics, 2017) and the tax rates used are the corporate tax rate from the country of 

incorporation. For the data supplied by Damodaran (2017) there are no firm specifics and therefore 

it has been found reasonable to use the US corporate tax rate of 38.90% (Trading Economics, 

2017), as the project is assumed to be in the US. 

The second step recommended by Bernardo and Chowdhry (2012) is to undo the effects of growth 

options inherent in the asset beta. Their argument for this adjustment is that valuation methods often 
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overestimate project risk through betas, and thereby undervalue projects, which leads to 

underinvestment. Particularly in the pharmaceutical industry, they argue that the growth options of 

the whole company and their pipeline, which corresponds to real options, makes the risk much 

higher than it should. Thereby, the asset beta should be divided by 1.70, which is the average 

project factor for the pharmaceutical industry. This is also the approach that was disregarded 

concerning the volatility adjustment, however, it is seen as more reasonable to use for the cost of 

capital, due to several reasons. Mainly there is a broad consensus regarding the methods used to 

estimate cost of capital and thereby more confidence is put in the estimate. Furthermore, the cost of 

capital is usually estimated too high according to Welch and Levi (2013), and by applying the 

method from Bernardo and Chowdhry (2012) it is possible to adjust with a more sophisticated and 

well-argued approach, rather than making a manual adjustment. The beta estimate obtained from 

using this approach and the data from Damodaran (2017) is thereby 0.75. 

The last term of the CAPM equation measures the market premium. The market premium reflects 

the market price for the risk in the economy. Thus, the market risk premium is the compensation 

investors anticipate earning for holding a portfolio of a beta equal to one. Thereby, the 

multiplication with beta signifies that a beta higher than one would mean that investors need to be 

rewarded more for investing in a company with a higher exposure to systematic risk (Berk & 

DeMarzo, 2013). 

The market return, 𝑟 , is estimated using the S&P500 index as a proxy for the market. Returns for 

the last ten years were calculated and the average yearly return was found to be 7.76%. This 

measure corresponds quite well to the measure made by Damodaran of 8.14% (2017). Using the 

data from Damodaran to find the market premium, the risk-free rate is subtracted from his estimate 

and the risk premium ends up at 5.69%. 

Estimating CAPM 

Through the last sections, the different inputs for the cost of capital have been examined and 

various methods for obtaining them have been discussed. To make sure that the most correct 

estimates are used, while being consistent, the measures supplied by Damodaran (2017) have been 

applied in the analysis section. This choice is taken due to Damodaran having more sophisticated 

data, from several sources, as well as for consistency. This makes sure that the stock data and the 

financial data is for the same companies and that all data points are filled out. Furthermore, 

Damodaran has a more sophisticated method for example regarding the method of estimating the 
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default spread on debt. Damodaran has measures for both the biotech and the pharmaceutical 

industry, as two separate industries, and a lot of the variable estimation have also been done for 

both industries separately, as well as combined. Due to the fact that the data shows that 

pharmaceutical companies are typically larger, based on total assets, the measures for the biotech 

industry has been chosen, as this will better reflect that it is a project valuation. 

Therefore, the following numbers enter the WACC. 

𝑟 = 2.45% + 0.75 ∗ (8.14% − 2.45%) = 6.72% 
𝑟 = 2.45% + 2.75% = 5.2% 
𝜏 = 38.9% 

𝑟 = 83.72% ∗ 6.72% + 16.28% ∗ 5.2% ∗ (1 − 38.9%) = 6.14% 

Upon finding these results it has been recognized that the final discount rate is relatively low both 

compared to normal recommendations of corporate finance textbooks, both also compared to other 

studies on the costs of projects in the life sciences industry5 (DiMasi et al., 2003; Adams and 

Brantner, 2006; Adams and Brantner, 2010; DiMasi and Grabowski, 2007; Gilbert et al., 2003; 

O’Hagan and Farkas, 2009; Paul et al., 2010; Mestre-Ferrandiz et al., 2012). 

Following the arguments by Welch and Levi (2012) this could quite well be a reasonable estimate, 

or as reasonable as estimates obtained using the CAPM can be, which is discussed in below section. 

Limitations 

The approach used to determine the cost of capital is one of the most used theoretical methods and 

the WACC approach is in general quite well regarded (Koller et al., 2015). On the opposite site of 

the spectrum we have the CAPM. The CAPM is often criticized and empirically it does not have 

much proof, since historical returns often have little explanatory power for future returns. A reason 

that the CAPM is still used much is that there are no better alternatives and though not empirically 

proven, the model has not been invalidated either (Welch and Levi, 2013). Despite this, the CAPM 

is frequently used for estimating the return on equity and is considered the best model for the cost 

                                                 

5 It should be noted that the cost of capital mentioned in referred papers is in real terms, unlike the cost of capital for 

this thesis, but assuming that the inflation is smaller than the discount rate, which seems reasonable, the real discount 

rate is smaller than the nominal and thereby the conclusion is the same (Bogdan and Villiger, 2010) 
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of equity, and so the model has been chosen for this thesis (Berk & DeMarzo, 2013; Koller et al., 

2015). Another model that could have been used is the Fama-French 3 factor model (FFM), but it 

was deemed less relevant, as it does not contain any way to count in the fact that it should be 

applied to discount a project. What could have been useful in the FFM is that it factors in the size of 

the company and especially in the pharmaceutical and biotech industries one could imagine that 

larger companies show less variation in returns, as they are more diversified, because they have 

more developed products in their portfolio. Specifically, the FFM uses the factors Small minus big 

and High minus low to capture the effects coming from size and book-to market of stocks (Fama 

and French, 1992; 1997). The difference in stock returns based on size also seems clear in the 

volatility estimation in an earlier section. As for the validity of the FFM it has many of the same 

issues as the CAPM regarding the use of past returns to predict future returns, and Welch and Levi 

(2012) find that both models are poor at explaining future returns. 

Some of the same estimation considerations were seen for the assessment of the volatility, as 

historical data is usually used for this, as well. In the next section the cash flows will be estimated 

and discussed. 

3.2.3 Estimation of cash flows 

In order to estimate the value of the research project, it is also necessary to estimate the Free Cash 

Flow (FCF) generated by the project. The definition used for FCF will follow Berk and DeMarzo 

(2013) and it will therefore be calculated as follows. 

𝐹𝐶𝐹 = 𝐸𝐵𝐼𝑇 ∗ (1 − 𝜏) + 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 & 𝐴𝑚𝑜𝑟𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛 − 𝛥𝑁𝑊𝐶 − 𝐶𝑎𝑝𝐸𝑥 
𝑁𝑊𝐶 = 𝑁𝑒𝑡 𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 

Therefore, several components regarding the project’s cash flows have to be estimated before the 

valuation can be carried out. Through the next sections each component will be discussed in order 

to shed light upon how the FCF have been estimated. Before the other components that enter the 

FCF formula can be estimated, the most important figure is probably the revenue generated by the 

product, as this will be the starting point for many of the other measures. 

Sales 

One of the most critical elements of the project is the revenue that it generates. This is probably also 

the most uncertain part, as it is very difficult to estimate the expected market share and price of a 
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product. This problem is even more evident for early stage compounds, as you usually do not have a 

clear picture of what effect the compounds have, until they have been tested more profoundly 

(Bogdan and Villiger, 2010). 

There are normally two methods that can be used to estimate the sales of your products, once they 

get to market, as mentioned by Bogdan and Villiger (2010). One is either using averages or median 

sales of other products available on the market, as a proxy for your own sales. The other is the top-

down approach, where you begin by estimating the size of the market, then the market share you 

can expect and so on. In the end you will end up with an estimate of the net sales. 

However, it is important to take into consideration that there is an introduction phase for your 

product after it reaches the market and it will therefore not reach its maximum market share straight 

from its introduction. Bogdan and Villiger (2010) have tried to estimate a sales curve through the 

lifetime of a product, which is estimated to be 23 years, after which it is very hard to foresee the 

future. This curve takes into account that the product goes through various phases during its 

lifetime, and this thesis will be using the sales curve as well. The sales curve is shown below in 

figure 6. By using the sales curve, the effects of the introduction of the product, as well as 

introduction of new or generic drugs in later stages will be taken into account. The introduction of 

new drugs to the market will certainly increase the competition for the drug analyzed, and thereby 

make its market share shrink. Gebhart (2006) believes that at patent expiry and when generic drugs 

are introduced to the market up to 50% of revenue will vanish. This is also evident from the sales 

curve as the revenue drops quite substantially after year 15, which fits well with patent expiry. 

Knowing the sales curve is also important, as it indicates the timing of the cash flows, which plays a 

vital role regarding the discounting. This is due to the fact that cash flows further out in the future 

has lower value in present time, due to the concept of time value of money (Berk and DeMarzo, 

2013). 
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Figure 6 – Expected sales curve  

As mentioned briefly earlier, it will be very difficult to estimate the market share of a product in the 

early R&D phases. The measures that will be considered here is therefore the average and median 

peak sales provided by Bogdan and Villiger (2010) for metabolic diseases. We do, however, have to 

make some adjustments to their numbers, as they are not a perfect fit to our case. 

Bogdan and Villiger (2010) list the average peak sales as USD 803 million, whereas the median is 

USD 371 million. The reason for this difference between the average and the median is mainly due 

to the fact that there are a few blockbuster drugs on the market, which can be seen as extreme 

outliers and they influence the average positively. An example of a blockbuster product could be 

Novo Nordisk’s Victoza®, which sells for almost USD 3,000 million annually (Novo Nordisk, 

2017a). This therefore indicates that it is probably more appropriate to use the median peak sales of 

the disease group, rather than the average sales, until there is an indication that the drug could 

potentially become a blockbuster, in which case it could be better to use the average. However, 

expecting the drug to become a blockbuster is not realistic until the drug has completed several 

trials and the effects are more documented. 

Hence, for the cash flow estimation the median peak sales is used, as well as the sales curve from 

Bogdan and Villiger (2010). However, the peak sales provided is a global estimate, and since the 

focus is only on the US market it will have to be converted to only reflect the US share of the global 

sales. The International Diabetes Federation (IDF) have through their Diabetes Atlas (2015) 
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collected estimates for the global expenditure on diabetes, as well as national expenditure. From 

this report, it is found that annual global expenditure were USD 673 billion of which the US share 

was USD 320 billion, thereby comprising 47.6% of the global expenditure. This figure will be used 

to estimate the US share of the global peak sales estimate provided by Bogdan and Villiger (2010). 

As the insulin market is still growing, a growth factor is also included in the sales. By doing this, it 

is assumed that the share of the market that the product captures is constant and it is just the market 

size that is growing. In the real world, this might of course not be the case, however, as it is not 

possible to know exactly what products will gain from the market increases, we will just assume 

constant market shares and that all products on the market benefits from the market growth. As a 

measure of the market growth, a forecast of diabetes patients in the US has been found and used. 

The International Diabetes Federation (2015) estimates that in 2040 a total of 35.1 million 

Americans will be diagnosed with diabetes compared to 29.3 million in 2015. This translates into a 

compound annual growth rate of 0.73%. This growth rate will of course only represent the growth 

in the number of patients; however, the market size depends on the number of patients and the price 

of providing each patient with insulin. Hence, the sales revenue generated by the product does also 

depend on the change in prices. 

For this thesis it is, thereby, assumed that the price of the insulin products is kept constant. This is 

not a very realistic assumption to make, but it would be almost impossible to get a correct estimate 

for the price of insulin in the future. Recently there has been heavy focus on the drug prices in the 

US (Arndt, 2017), and a sentiment in the media is that the prices should be lowered. Also, this 

particular subject has received a lot of political attention lately, as several politicians have declared 

that they want to fight the high drug prices (The Economist, 2016). However, over the last few 

years, we have seen steep price increases within insulin (Tsai, 2016), so to estimate the future path 

of the drug prices is quite difficult and it is therefore considered better to keep it constant. The 

estimate of the future drug price is not going to be of critical importance to this thesis, as it will 

affect the input going into all our valuation models and therefore the output they deliver will all be 

impacted by this assumption. In a real-life case, it is of course an important parameter to consider, 

as it will be an important factor in the future sales and therefore impact the valuation positively 

(negatively) if prices are believed to increase (decrease). 

Based on these assumptions and assessments, it is now possible to construct an estimate of the sales 

for the base case scenario. It consists of an estimated peak sales of USD 176.51 million with an 
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annual growth of 0.73%, and a sales curve, which follows what is shown in figure 6. Now the focus 

is turned to the elements that go directly into the formula for the FCF. 

EBIT, Taxes, NWC, Depreciation and Amortization, and CapEx 

As seen in the formula for the FCF the inputs required are the EBIT, Taxes, NWC, Depreciation 

and Amortization (D&A) and capital expenditures (CapEx). With estimates for these, the FCF of 

the project for our base case scenario can be determined. 

The taxes are the easiest measure to calculate, as the US tax rate on EBIT will be applied, this will 

provide the amount of taxes that need to be paid due to the earnings generated by the project. The 

tax rate used for the cash flow estimates is therefore 38.9% (Trading Economics, 2017). 

The EBIT, NWC, D&A, and CapEx are estimated using the average percentages of the separate 

variables relative to the revenue of Novo Nordisk, Eli Lilly and Sanofi, which are the three largest 

producers of insulin in the world (iData Research, 2014). The annual reports of these companies for 

the last five years have been used and an average have been estimated based on these, as it is 

assumed that they provide a good guidance on what the different variables are relative to the 

revenue, which was estimated in the last section. 

The reason for scaling these measures to the revenue of the respective companies is due to the fact 

that they all correlate with the revenue, which will be briefly explained. EBIT is directly affected by 

sales, variable and fixed costs and therefore when sales increase so does EBIT, assuming that fixed 

costs stay the same and that the variable cost percentage stays constant. NWC is the capital invested 

in inventory and accounts receivables net of accounts payables. Usually when sales activities 

increase (decrease) it will require a larger (smaller) inventory in order to keep up with the demand. 

Also, usually the accounts receivables will increase (decrease) as the company will most likely sell 

a share of its sales on account and it therefore increases (decreases) with sales. Accounts payables is 

the amount owed to suppliers, hence, when sales activities increase, so does production and 

therefore, you also need more materials and other supplies from third parties and some of these will 

be purchased on account. Optimally this measure should be relative to the cost of goods produced. 

However, as we assume that the cost of goods produced relative to sales is constant (through our 

EBIT-margin assumption), it will be equally good to use accounts payables relative to sales 

(Petersen and Plenborg, 2012). 
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D&A and CapEx are as such not correlated with the revenue, as the other measures previously 

discussed, however, revenue is still used to estimate the D&A and CapEx attributed to the project. 

This is due to the assumption that increased sales activity will lead to investments in production 

facilities, which will be depreciated over time. However, if we assume that the project being valued 

is developed by an already existing pharmaceutical company with already existing factories, it will 

not be necessary to invest in new factories, as the old can be used. However, over time productivity 

gains can be achieved by investing in updated equipment, and also investments need to be made in 

order to keep the production facilities operating and functional. Therefore, it is assumed that some 

parts of the project’s revenue will be spent on CapEx, which will then also affect the D&A 

generated by this CapEx. Furthermore, it is noticed from the annual reports of NN, Eli Lilly and 

Sanofi, that the D&A and CapEx relative to sales is quite stable with no big jumps and it therefore 

supports that it might be applicable to just take these measures relative to sales for the estimates. 

Furthermore, the R&D expenses are assumed not to be capitalized and therefore they do not affect 

the D&A of a given project, but are rather expensed instantly. 

There are some downsides to this approach, though. First of all, the companies chosen also have 

products targeting other diseases than diabetes; hence, if the profitability of the products in different 

disease areas is drastically different, it will affect our measures, as the annual reports only show the 

consolidated figures. As the individual figures for each disease area do not get published in the 

annual report, it is not possible for external analysts to estimate what the costs are in each division, 

hence, we will have to do with the consolidated figures. This of course will not give a perfect 

picture of the value of a diabetes drug. However, as this input feeds into all the valuation models 

applied in this thesis, they will all be affected by this ‘bad’ input and the comparison of the models 

should therefore not be affected. In the real world, the decision-makers should of course make sure 

that the forecast and ratios use more realistic measures that are not affected by several different 

types of disease areas; however, this would also be accessible from the internal data of the 

pharmaceutical companies. 

Therefore, the cash flows after product approval are now estimated and can be seen in the tables on 

the following page.  
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Now all the inputs for the FCF have been discussed, and the cash flows that the project generates as 

soon as it has been approved and introduced to the market have been estimated, however, the cash 

flows occurring before the launch of the project are also required, which is the expenses related to 

the R&D phases of the project. 

R&D expenses, timing of cash flows and phase durations  

One of the unique things about projects in the pharmaceutical industry is the long R&D process 

leading up to the approval and marketing of the projects. That is the focus of this section. Hence, 

this section will determine the size of the R&D costs, timing of cash flows, the phase durations, and 

probably one of the most important factors to consider; the probability of advancing to the next 

development phase. 

As was briefly described in the introduction, the drug development process consists of several 

phases. Figure 7 shows this process in an option-perspective. It has to be kept in mind, however, 

that the project considered by this thesis starts from clinical phase one and the basic R&D and the 

preclinical tests are therefore not considered. 

 
Figure 7 – The drug development process 
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As the different development phases have already been described we will focus on the estimates of 

duration, probability of success, and the R&D expenses associated with each phase. However, as 

the focus is on a drug that is about to go into clinical trials only the estimates for these phases will 

be determined. The table below summarizes the estimates that will be used for the base case 

scenario in the analysis. 

Phase Phase duration (years) Probability of success R&D costs (mUSD) 
Phase 1 0.5 61.1% 1.0 
Phase 2 2 45.2% 13.3 
Phase 3 4 71.4% 101.9 
FDA Approval 1 77.8% 2.0 
Phase 4 (Post-Market Studies) 3 

 
26.7 

Table 2 - Phase duration, probability of success and R&D Costs. Sources: FDA (2017d), BIO (2016), Roy (2012), Bogdan & 
Villiger (2010) and Sertkaya et al. (2014) 

The estimations for the phase durations are based on guidance provided by the FDA (2017d). As the 

FDA reports intervals, it has been decided to take a conservative approach by choosing the longer 

duration, which will postpone the incoming cash flows of the drug once commercialized, and 

thereby reduces the present value. The duration for phase four has, however, been determined based 

on the approach from other literature (Bogdan & Villiger, 2010), as the FDA does not have an 

estimate for this post-market phase. The purpose of measuring the duration of this phase is merely 

to provide the timing of the cash flows. Hence, a shorter duration will increase the present value of 

the cost of this phase. Therefore, in the case that the phase four study is actually carried out for 

longer than the estimate provided in this thesis, it will result in an increase in the value of the 

project. 

The figures stating the chance of success were gathered from a report on clinical success rates from 

BIO (2016), the largest trade organization representing the biotechnological industry. The success 

rates for each phase are provided for several disease categories, hence these numbers in the table 

above represent the ones specifically for metabolic/endocrine diseases and should therefore be more 

accurate for diabetes rather than taking the overall average, which is a bit lower and therefore would 

have underestimated the value of the project. Furthermore, phase four does not have a success 

chance since the product is already on the market, and it does not affect the chance of approval. 

The cost figures for each phase are based on the estimates from the Sertkaya et al. (2014), as well as 

a study by Roy (2012). The study by Sertkaya et al. (2014) provides an average of the costs for 

various disease groups, while the study from Roy (2012) have the actual costs for each phase for 
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four different GLP-1 analogue drugs treating diabetes. Since large differences were seen between 

the findings of these two sources, an average was found from the values provided in the two 

sources. Doing this it is hoped that a realistic value in the middle has been found and that the 

estimates are neither highly under- nor overvalued. 

The figures presented do not take into account the cost of failed trials, such as other studies have 

done (DiMasi et al., 2016) and thereby only show the cost related to a single project. Furthermore, 

the figures in this thesis do not capitalize that cost to the present value, as the inputs will be 

discounted through our models. With this thesis’ perspective in mind it would not make sense to 

include the cost of failed projects into the cost estimates, as we are only concerned with valuation of 

a specific project. If the costs are looked at from the perspective of society it might be more suitable 

to include the costs of all the failed trials in order to have an estimate of what it costs to develop a 

successful drug, however, for this thesis it does not seem suitable to include. Also, one have to keep 

in mind that the project constructed for this thesis is already past the basic R&D and preclinical 

phases, which therefore is a sunk cost. Therefore, the cost estimates for the R&D provided in this 

section do not reflect the full cost incurred by the project, but merely the future cash flows that are 

relevant for a valuation. Now that the measures for the R&D phases of the project have been 

established we are able to enter our inputs into the different models in order to value the base 

scenario constructed in this thesis. However, before turning to the analysis, all the estimates and 

variables have been summarized in the table on the following page, in order to provide an easy 

overview. 
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4 Analysis of valuation models 

This part of the thesis will focus on the analysis of the results provided by the different valuation 

models that have been applied to our base case drug development project. The analysis has been 

structured in a way, such that the results of the individual models are evaluated before turning to a 

comparative analysis of the models. Hence, this analysis will try to shed light on the individual 

models and answer questions regarding what affects the valuation, what investment decision will be 

taken, and the applicability among others. The analysis starts with the DCF model before turning to 

the advanced option models. After this a comparative analysis of the models will follow and in the 

end a sensitivity analysis will be conducted. 

4.1 The Discounted Cash Flow model 

The DCF model provides a risk adjusted net present value of USD -12.54 million, which is based 

on the common rules of capital budgeting. These rules prescribe that in the case of a negative rNPV, 

the investment should not be carried out. 

The fact that the rNPV is negative is in line with the expectations from before the analysis was 

undertaken. This was expected because of two factors; 1) past literature on the subject often finds 

that the DCF model is not able to capture the full value of the projects (Myers, 1984; Cassimon et 

al., 2004; Bowman and Moskowitz, 2001), 2) it makes intuitive sense that when all the large 

negative cash flows are only discounted back a few years, while the expected positive cash flows do 

not happen before year 8 the value has a large probability of being negative. These cash flows are 

thereby discounted much more.  Furthermore, they are also risk-adjusted, which means that there is 

only a 15.3% chance that the cash flows after launch happen. Therefore, there is a reasonable 

probability that the NPV will be negative, even if the project is expected to be quite profitable in the 

future. 

The DCF model used in this thesis is risk adjusted, meaning that the technical risk is factored into 

the model. This means that there is only a certain probability that cash flows in the future will 

happen, but the model does not leave any flexibility to decide whether the next phase should be 

undertaken based on economic considerations. This lack of flexibility is certainly a main reason that 

the rNPV is not greater, because if you enter this project you have to complete it, based on the 

assumptions of the model. The cumulative probability of getting through all stages in this model is 
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15.3%. This probability has a negative influence on the value the model. While you are certain to 

pay the costs of the first phase it gets more and more unlikely that you will incur the cash flows 

later on, including potential revenues. 

Furthermore, the DCF model is a static model showing no different paths, but uses the cash flows 

forecasted as a deterministic input (Lynch and Shockley, 2016). In the initial drug development 

stages it is believed that drug producers can quite accurately budget what the R&D cost will be, but 

as soon as the drug is marketed there is many factors that decide the success that the drug will have 

in the market, as described in the introduction to the industry. 

What decides if a model is good to use is whether it is good at reflecting the reality of the process, 

as well as being an intuitive tool for managerial decisions. The DCF model is quite easy to make 

decisions from; a positive NPV means invest and a negative NPV means do not invest. As for the 

reflection of reality it is not as good. It is a very visual model when set up like it has been in this 

analysis (see appendix 1), because you can see the cash flows happening in every time period and 

the probability to go further in the trials. What the DCF does not factor in is flexibility and 

uncertainty. The DCF model does not take into account that if a project proves to be unprofitable 

you can just abandon it or if the drug does not seem likely that it makes it through all the stages, it is 

also possible to abandon it. Even though probabilities of technical uncertainty are part of the model, 

the model still works as if you go through all stages no matter what the probability of failure is, as it 

is just factored in as an expected value at the different gates of the clinical trials. 

From managers’ perspective, the DCF model is well known and it is easy to understand and act 

from. Therefore, one could imagine that this model is often carried out in real life, as it is easy to 

comprehend and easy to make an investment decision from. As most other valuation models, the 

result is very much dependent on the input variables. The cash flows of course contain uncertainty, 

but experienced practitioners are assumed to have great knowledge of especially the cost of 

developing a drug, so the R&D costs should not be as uncertain as the incoming cash flows. On the 

other hand, there is the discount rate. The sensitivity analysis for the models in this thesis still have 

to be performed, but the NPV is usually extremely sensitive to the chosen discount rate and as 

described in above section the correct discount rate can be difficult to obtain. Therefore, a model 

such as the DCF can often lead to underinvestment if the discount rate has been set to a level too 

high, which both Levi & Welch (2012) and Bernardo and Chowdhry (2012) argue that many 

projects do. 
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To sum up, the DCF analysis shows that the project should not be undertaken, because it returns a 

negative rNPV. It can therefore be discussed, whether the DCF is actually a good model to use for 

this kind of project, as it does not capture many of the features in the life sciences industry, such as 

the flexibility to make choices along the way and uncertainty of future outcomes. This does not 

change the fact that the model is used a lot in practice, as the results are easily understood and easy 

to base decisions on. 

4.2 The binomial model 

The valuation provided by the binomial model estimates the value of the drug development project 

at USD 3.7 million. This estimate is mainly relying on the volatility of the future peak sales, as well 

as the value of the managerial flexibility of the project. In detail, the volatility is regarding the 

uncertainty of what the sales end up to be, whereas the flexibility reflects the option to abandon and 

the extra value achieved from this. 

As the annual volatility estimate of 75.2% results in a semi-annual up- and down-factor of 

respectively 1.7 and 0.6 the estimated peak sales show a wide interval at the end of the R&D 

phases. Hence, the interval of the estimated peak sales ranges from USD 0.1 million to USD 

515,413.8 million in the binomial model. The probability of the project ending up in either one of 

those extreme states is, however, very small (<0.1%), whereas the more probable states range from 

USD 4.3 million to USD 300.5 million in annual peak sales6. 

The binomial model, however, predict that the project will only be commercialized if the peak sales 

ends in a state, where it is estimated to be USD 35.8 million or higher. Specifically, the state where 

the peak sales is estimated at USD 35.8 million it will result in a NPV of USD 17.1 million at the 

time of commercialization. It can therefore be concluded that the project might be exercised if the 

peak sales go below USD 35.8 million, as the product will be commercialized as long as the NPV 

turns out positive. However, the binomial model does not show the break-even value for the peak 

sales, as it only considers discrete time steps with the respective up- and down-factors. However, it 

would just require a standard DCF setup of the commercialization phase in order to be able to 

determine the critical value of the peak sales using the Excel solver. 

                                                 

6 Approximately 80% of the final states end up within the given interval 
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Furthermore, the binomial model shows that in 6 out of the 16 possible end-states (with cumulative 

probability of 48.8%), predicted by the model, the project will be abandoned due to too low peak 

sales, and thereby negative NPVs. This can also be observed in the binomial model shown in 

appendix 2. This is definitely a contributor to the total project value, as the investing company can 

avoid launching an unprofitable product even though all research associated with it has been 

completed and the product approved by the FDA. However, it is not only in the end of the R&D 

process that the company can choose to abandon the project. The company has several opportunities 

to abandon throughout the R&D phases. In the real world, the project can be abandoned at any point 

during the R&D phases, however, it was assumed for this thesis that the natural time points to 

abandon the project, would be at the end of each R&D phase. The project can therefore be 

considered as a Bermudan option, which is a mix between American and European options. This 

has therefore also been modeled into the binomial model, by applying several decision points. In 

fact, this can lead to the company choosing to abandon already after phase one, if the project’s 

estimated peak sales starts with a down-movement, which will make it unprofitable according to the 

binomial model. 

It can therefore easily be concluded that the inclusion of both the uncertainty of the peak sales 

determined by the volatility, and the option to abandon the project definitely adds value to the 

project, according to the binomial model. The result from the binomial model should also make the 

management conclude that the project has a positive NPV and therefore should be initiated. 

However, it has to be noted that some concerns arise when analyzing the results of this model. First 

of all, the binomial tree of the peak sales leads to some very extreme values. In the best case the 

annual peak sales will reach USD 515.4 billion, which is absurd. Some of the real world 

blockbuster insulin treatments generate revenues of USD 3 billion annually (Novo Nordisk, 2017a) 

with a position as the market leader. Therefore, to develop a new drug that can sell for more than 

170 times more on an annual basis is very unrealistic. It could therefore indicate that it is not 

optimal to use the volatility on the peak sales variable, and whether the volatility estimated in this 

thesis is appropriate. 

Another concern regarding the model is that the uncertainty of the cash flows ends as soon as the 

drug gets commercialized. It is therefore assumed by the model that the peak sales are known and 

certain just before commercialization. However, additional knowledge can be gathered after 

commercialization, as the use of the drug increases and therefore more data can be acquired if 
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needed. The peak sales estimates might therefore still be uncertain, however, the risk with regards 

to whether the drug will be approved or not has been removed at this point in time. 

The practical applicability of the model is relatively simple, however, the setup requires a bit of 

work, as the binomial trees have to be set up, as well as a valuation, in order to get the end-state 

values that are used for backward induction. However, this complex setup also makes it a bit easier 

to follow the process of the value and the intuition behind the model is therefore relatively simple to 

understand, which is positive for decision makers, as it will probably create a more trusted estimate 

of the value, when it is well understood. 

Now that the results of the binomial model have been analyzed and some of the concerns about the 

model have been raised, the focus will turn to the famous Black-Scholes model. 

4.3 The Black-Scholes model 

As described in the methodology, the Black-Scholes model has been applied to two different 

scenarios; hence, it will also yield two different results. The scenario where the project is 

considered as a single option yields a result of USD 27.8 million, and the scenario where it is 

considered 4 sequential options yields a result of USD 44.7 million. The Black-Scholes valuations 

therefore clearly return positive values of the project, indicating that the project should not be 

abandoned. 

The values estimated by the Black-Scholes model are heavily influenced by the project’s flexibility 

and uncertainty. This is especially seen in the difference in the values of the two scenarios. As the 

single option scenario yield an estimated value of USD 27.8 million, whereas the sequential 

scenario yield an estimated value of USD 44.7 million, the difference between these two clearly 

show that by adding multiple decision nodes to the model, and thereby better reflect the nature of 

the drug development project, adds value. In fact, it adds a total of USD 16.9 million in additional 

project value by splitting the Black-Scholes valuation into a sequence of options. 

The more options that are built into the model and the more flexible it is, the more valuable it is for 

the investing firm. This is due to the fact that you have multiple points in time, where it is possible 

to evaluate the project and determine whether to continue or not. Hence, if you have multiple 

opportunities where you can determine to exit the project and thereby avoid unnecessary costs, it 

will be valuable to you. 
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The value of the Black-Scholes valuation therefore mainly arises from the volatility or uncertainty 

of the future cash flows, due to its impact on the option value. However, the Black-Scholes model 

relies solely on the volatility estimate, as the only driver of uncertainty. Hence, the probabilities for 

the project to succeed from each phase is not incorporated directly, but is assumed to be captured by 

the volatility measure. If the probability of succeeding is not incorporated properly in the Black-

Scholes volatility it is therefore believed that the Black-Scholes model will misvalue the project. 

Normally an increase in volatility will lead to higher value, however, the technical risk is a different 

type of uncertainty, as it can be considered a Bernoulli process and therefore just determines 

whether you arrive in the next stage of development or not. It is therefore believed that the Black-

Scholes model would overvalue the project, as this risk-factor is not taken into account, which can 

also be suspected from the very high values determined by the model. 

Furthermore, Black-Scholes is a model developed for European options, and hence, when applying 

it to a project with multiple decision points it will underestimate the value, as it is not able to 

capture the full flexibility of the project. However, by modeling the project as a series of options it 

was attempted to account for this fact. This application did also result in a much higher project 

value, as expected. 

As both scenarios of the Black-Scholes model result in very positive NPVs, the decision should be 

to invest in the projects, as they will create value to the firm. Furthermore, the practical applicability 

of the model is quite simple due to the fact that the model is built in a single formula that can be 

computed easily in Excel and then determined by the five input variables of the formula (observable 

from appendix 3 and 4). The intuition of the model, however, is not too clear, as it depends on some 

advanced mathematics and the process is not quite easy to follow, since the model just results in a 

single output with no visual developments of the value or intuitive interpretation. 

4.4 The compound option model  

The 4-fold compound option model of this thesis has a value of USD 49.4 million, which is 

substantially positive. In the 4-fold compound option model with explicit technical risk modeled 

into the valuation, a value of USD 2.1 million is provided. Both compound option models are 

therefore estimating the project value to be positive to the company and the resulting action should 

therefore be to invest in the project. 
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The main reason for these results can be found in the models’ ability to value the flexibility of the 

project and the way they both incorporate this. They therefore take into consideration both the 

economic and technical uncertainty of the future cash flows, and also the correlation between the 

exercise or decision points. In the simple 4-fold compound option technical and economic 

uncertainty are both captured by the volatility parameter, while these are split up in the 4-fold 

compound option with technical risk. The correlations between the different decision points are 

taken into account by using correlation matrices and the models can hence use these matrices for 

their valuation and put a more correct value to the sequential option part. 

However, there is a large difference between the valuations provided by the two models, which is 

due to the impact of an explicit parameter for the probability of technical success in the extended 

application of the model. Similarly, to what was seen in Cassimon et al. (2011) the value drops 

dramatically when including the risk of technical failure as an explicit and separate parameter in the 

valuation formula. It has to be taken into consideration that the same volatility measure is used for 

both models, even though it should have been corrected for the second model, due to the fact that 

the second application explicitly considers the technical risk and this should therefore be isolated 

and taken out of the volatility measure. 

The large uncertainty inherent in the cash flows is a great contributor to the valuations, as the option 

value benefits from a larger uncertainty (Cassimon, 2004). A main influencer on the value of the 

project is the exercise price to enter phase 3 of the clinical trials, which greatly reduces the value of 

the project. If the project is considered after phase 3 is completed, the value of the project almost 

doubles, hence it can be deduced that a lot of the risk has been taken out at this point. It is therefore 

more likely that the project succeeds, which thereby increases the value. 

The positive NPVs provided by both of these models indicate that the project will create substantial 

value to the company and the management should therefore continue the development of the drug at 

time zero. 

However, one major concern regarding the first application of the compound option model, is of 

course that it does not explicitly include the probabilities for succeeding in the individual phases, 

but relies on a correctly estimated volatility parameter that should include this. The volatility is 

therefore a very important input parameter to this model and it should be correctly estimated. If the 

volatility parameter does not consider the probability of approval or failure in each phase, it will 
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overestimate the value of the project. This is suspected to be the case in this application, as the 

value is materially higher than the approach that includes an explicit technical risk factor. 

It is also very difficult to explain how the compound option models estimate the value of the 

project, as they rely on some very advanced mathematics and formulas that are not very intuitive. 

This is a concern for the compound option models, as it will be difficult to present the results to the 

decision makers and make them trust the model, when it is so difficult to intuitively understand the 

model. 

This is linked to the intuition of the models. As the models rely on multivariate normal 

distributions, it is very difficult to intuitively understand the mechanics inherent in the models. 

Additionally, it is not easy to predict how a certain change in a parameter will influence the 

valuations provided by the models. As the compound option model is a development of the Black-

Scholes model, it requires a good understanding of the formulas from this simpler model to figure 

out what is happening in the compound option model. 

The practical applicability of the models is not very high either. Due to the requirement of 

multivariate normal distributions, it is not possible to construct this model purely in an application, 

such as Excel. More advanced programming software needs to be used, and in this case the chosen 

software was Mathematica. This software was used to calculate the cumulative probabilities of the 

multivariate normal distributions, and then putting them into Excel, where the rest of the model was 

constructed. This compound option models constructed in this thesis can be seen in appendix 5 and 

6, and it is easy to see that it is a quite complex setup with many components and no apparent flow 

in the calculations. 

To sum up, these models contain some good elements regarding the inclusion of the correlation 

between the different exercise points, as the drug development is a correlated process. Nevertheless, 

it is a very advanced and complex model, which is difficult to construct in a way that enhances 

practical applicability. Furthermore, the first application does not include an explicit parameter to 

account for the technical risk, and whether the value is estimated correctly is difficult to conclude 

upon. The second application includes an explicit parameter for the technical risk. As it is unknown 

whether the volatility parameter includes those effects or not, it is difficult to determine if it is 

correct. However, it is certain that the volatility should be distinguished for the two models, as it 

should capture different effects, to match the models’ implicit definition of volatility. Nevertheless, 
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both compound option models provide some good perspectives to the valuation of the drug 

development project and a closed form solution to the model. 

Now that all the results of the individual models have been analyzed and evaluated, the analysis will 

turn its focus to comparing the models and their results in order to try and assess the relative 

performance of the different valuation methods. 

4.5 Comparative analysis 

In the previous sections the various valuation models where analyzed separately, but what is 

interesting for this thesis is how the models differ from each other and what the different models 

shed a light on. The models analyzed can broadly be separated into two types; the traditional 

discounted cash flow model and real option approaches. In below table 4 the results for the six 

methods are listed. 

Model Project 
Value 

Implied 
Option value 

Decision 
outcome 

DCF model -12.5 - Abandon 
Binomial model 3.7 16.2 Exercise 
Black-Scholes (single) 27.8 40.3 Exercise 
Black-Scholes (sequential) 44.7 57.2 Exercise 
4-fold compound model 49.4 61.9 Exercise 
4-fold compound w. probabilities 2.1 14.6 Exercise 

Table 4 – Comparison of valuation approaches 

As clearly seen in the table, the DCF model is the only one resulting in a negative valuation, which 

is in line with our expectations and shows that R&D projects are mainly comprised of option value, 

as is also mentioned in several papers (Myers 1984; Cassimon et al., 2004; Bowman and 

Moskowitz, 2001). This is due to the fact that drug development projects are characterized by a lot 

of risk and various types of uncertainty, which the DCF model is not able to fully take into account, 

but option models are able to capture and build in some of the flexibility and uncertainty of these 

projects. This adds value, as you are able to evaluate your project continuously and abandon the 

project if it turns out to be unprofitable and therefore avoid further costs. In other words, you can 

limit your downside and still keep the upside potential. 

The DCF is not able to capture the flexibility, but is still trying to incorporate some risk through the 

discount rate. The discount rate is an expression for the compensation required by the investors of 
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the project, due to the risk. As the discount rate only considers non-diversifiable risk it does not take 

into account the risk related to the specific project. This is also a fair assumption, as investors 

should not be rewarded for any risk they can diversify away. However, the individual project will 

still contain some idiosyncratic risk, which needs to be modeled to capture the full uncertainty. This 

uncertainty should be captured by the volatility estimate in the more advanced real option 

approaches. The volatility in the real option approaches reflect that the cash flows are not 

deterministic, but that they are subject to changes during the lifetime of the project. Whereas, the 

DCF model uses a fixed estimate for the cash flows and all other variables, hence, no variations can 

occur. 

It is therefore clear that the DCF is a very static model, which has a great reliance on the estimates 

done at the time of valuation. Therefore, it is critical that the variables are appropriately estimated 

to replicate the real-world characteristics of the project accurately. A sensitivity analysis is therefore 

also crucial to carry out, to shed light on how changes in the individual variables will impact the 

valuation. 

As opposed to the DCF model, the real option approaches factor in the uncertainties of the cash 

flow through the volatility parameter. This makes the real option approaches more dynamic, as they 

either implicitly or explicitly simulates various scenarios for the cash flow. The estimates for the 

cash flows can both increase and decrease, which is valuable to the company, as long as they can 

exit the project if it turns out to be unprofitable. This is incorporated into the models through the 

following boundary condition: 𝑀𝑎𝑥(𝑆 − 𝐾, 0). Thereby, the company is able to choose between a 

profitable project or abandon an unprofitable project, hence, giving the company a NPV of zero.  

The total value of the project therefore increases, as the unprofitable projects will not be realized, 

but profitable projects give an upside. This effect is seen in the results from all the real option 

valuation methods, where the implied option values range from USD 14.6 million to USD 61.9 

million. 

This large interval for the option values is due to using different real option methods, and thereby 

different assumptions, for the valuations. The most noticeable difference between the real option 

models applied is whether technical risk is explicitly incorporated into the model or not. This 

parameter is only explicitly incorporated in the binomial model and the second compound option 

approach, which both have a substantially lower value than the other models. The technical risk 

should be considered as the risk associated with efficiency and safety of the drug, and whether the 
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drug advances to the next phase is out of the hands of the company. The economic risk, on the other 

hand, portrays the market risk of the cash flows and is influenced by many factors. From the results 

of the analysis of the binomial model and second compound option model, it is seen that the 

technical risk has a huge effect on the value of the option, as there is only an accumulated 

probability of 15.3% of advancing through all clinical stages and into commercialization. The other 

real option models assume that the technical risk is incorporated in the volatility estimate. 

Further differences in the real option approaches are the assumptions around the return 

distributions. The Black-Scholes and compound option model assumes normal distribution of 

returns, whereas the binomial model relies on the risk-neutral probabilities calculated in the model. 

These risk neutral probabilities result in a distribution with a mean that is less than zero and 

negative kurtosis, as seen in the figure below. In figure 8 the distribution for the binomial model, as 

well as the log-normal distribution are shown. The distribution for the binomial model has fatter 

tails, as the standard deviation is higher than in the standard normal distribution, which is a bell 

curve with mean of zero and a standard deviation of 1. 

 
Figure 8 – Return distributions 

This implies that in this scenario the value obtained from the binomial model will be lower than that 

for the Black-Scholes and compound option models all else being equal. In a real life setting it is 

probably more likely to see the return distribution from the binomial model than a log-normal return 

distribution. This is due to the fact that many projects will have negative returns, either due to not 
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being approved or due to poor economic circumstances. Of course, a few projects turn out to be 

greatly profitable and this influences the mean positively, but this is believed to be quite unlikely, as 

only a few projects turn into blockbusters (PhRMA, 2016; Deloitte, 2016). 

The return distribution is therefore more likely to have a lot of projects ending up being 

unprofitable and a few projects being very profitable, and it might therefore be moved further to the 

left than the figure above shows. This will also be discussed later on, as the return distribution is 

believed to be an important assumption for the real option models. 

What makes the compound option models stand out from the two Black-Scholes models, and what 

makes it seem fitting to use them to value an R&D project, is that all the phases and choices are 

interconnected with each other. The probability of the last phase happening is dependent on the 

result of the previous phases and so on. The phases are linked together through the use of 

multivariate distributions, which determine the probability of passing through each phase, 

conditional on the other phases. Compared to the Black-Scholes models the value of the project 

increases in the first compound option model, which indicates that when introduced to correlation 

and applying the R&D project as an underlying asset throughout the entire process, creates extra 

value. This is somewhat contrary to the findings of Geske (1979), who found that Black-Scholes 

overprices deep-in-the-money options, which this project definitely is, when modeled in a Black-

Scholes setting. This is due to the fact that the underlying asset is much higher in value than the 

exercise prices determined in the Black-Scholes model. However, the model proposed by Geske 

(1979) and his findings were all regarding its application on financial and not real options. To 

precisely point out the factor that creates the difference is very difficult, as the compound option 

model utilizes multivariate normal distributions, which are almost impossible to interpret 

analytically. On the other hand, the compound option model with an explicit technical risk variable 

values the project at a much lower value than both the Black-Scholes models. The reason for this is 

of course to be found in the impact of the discrete probability factors that are taken into account by 

the model. It is therefore crucial to consider what approach to apply and what volatility estimate to 

use, as these are the main differences between the models. 

Based on the analyses made, it can be argued that each method has its own respective strengths. The 

binomial model incorporates both technical risk and multiple decision points, but does not take into 

account that decisions are correlated. The 4-fold compound option model takes into account that 

there are various decision points and that they are correlated, but the first application does not 
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consider the technical risk as an explicit parameter, whereas the second application does. The 

Black-Scholes models can, depending on the application, take into account multiple decisions and 

uncertainty of cash flows, but lack the technical risk factor, as well as correlation between 

decisions. Lastly, the DCF approach models the risk-adjusted cash flows, but the model leaves out 

the managerial flexibility and uncertainty of these cash flows. 

Compared to the rest of the option models, the single-phase Black-Scholes model really stands out 

in the way that it does not have multiple decision points, correlated decisions nor an explicit 

technical risk factor built into the model. It therefore sees the project as a pure European option and 

the value provided by this model should be considered a weak estimate of the value of the project. 

Common to all the models is that they are very reliant on volatility, discount rate and cash flows, as 

these are some of the most important input variables and the most difficult to forecast accurately. 

Hence, we will go through these three variables in the next sections to analyze their influence on the 

different models. 

4.5.1 Analysis of important input variables 

The volatility influences the models in different ways, as the parameter is applied differently in the 

various model calculations. Furthermore, the volatility parameter also includes different 

uncertainties in the different models, as the Black-Scholes and the first compound option model 

assume that all types of risk is included in the volatility parameter, while the success probabilities 

are used separately in the DCF, the binomial model, and the second compound option model. The 

success probabilities are considered a technical uncertainty versus the economic uncertainty that the 

volatility measures in these three models. Therefore, as the parameter is very difficult to estimate, 

and quite important for the models, it is considered reasonable to perform a sensitivity analysis of 

this parameter. A sensitivity analysis will be conducted in a later section. 

However, as the DCF model is deterministic, the volatility is not included as a parameter. In the 

case that a Monte Carlo simulation is performed as an extension to the DCF analysis, the volatility 

is applied in order to make the simulation, but in the end an average value is calculated to 

approximate the project value. Nevertheless, the DCF method in itself is by nature a static model 

and hence, independent of the volatility parameter. 
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However, the volatility enters into the options models and affects them differently. In the binomial 

model the volatility affects the up and down factors and therefore has a very direct influence on the 

uncertain variable, in this case the cash flows. Hence, an increase (decrease) in volatility will cause 

an increase (decrease) in the up factor and a decrease (increase) in the down factor. This increases 

the range between the values in the future states and since unprofitable scenarios are abandoned, 

while profitable scenarios are enhanced, the upside potential of the project is improved. Therefore, 

the option in the binomial model becomes more valuable, with increasing volatility. 

In the Black-Scholes models, the volatility enters into the 𝑑 and 𝑑  parameters. Thus, we see a 

more indirect and less intuitive effect of a change in volatility. One have to keep in mind that the 𝑑  

and 𝑑  parameters are used to calculate the cumulative probabilities, and hence, once these values 

surpasses certain thresholds, changes to the volatility will not have further effect on the valuation. 

This is due to the fact that the cumulative probabilities have natural boundaries of zero and one and 

therefore once the 𝑑 and 𝑑  parameters reach certain values, further increases or decreases will not 

have further effect on probabilities. However, there is a common understanding that higher 

volatility leads to a higher option value, as taught in corporate finance (Hull, 2012; Berk and 

DeMarzo, 2013). 

In many ways, the compound option models react in a similar way to Black-Scholes, which makes 

sense, as the compound option model is an extension of the Black-Scholes formula. The volatility 

parameter enters the compound option formula in the same way as the Black-Scholes; however, the 

difference is that there are several parameters calculated rather than a single one and this array of 

variables are entered into a multivariate normal distribution. This is because every phase is 

conditioned on the previous phase and thereby, they affect each other. Consequently, the 

cumulative probabilities are dependent on a series of variables, however, as seen in the Black-

Scholes model, when these reach a certain level, further increases to the volatility has little effect. 

Once again, increased volatility leads to increased option value, up to a certain degree. Also, it has 

to be mentioned that the two compound option models implicitly have different definitions with 

regards to the volatility, which affects the valuations of the models. 

Another important parameter is the cost of capital, which is the discount rate used by all the models 

to determine the present value. The DCF model is directly affected by this parameter, as it is 

incorporated in the formula. For the option models, it is a more indirect impact, which affects the 

underlying cash flows, but in the end, the effect is similar. 
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The cost of capital is an essential parameter, as the projects have a long duration; hence the cash 

flows are discounted heavily at the end of the project. Therefore, a small change to the discount rate 

should have a substantial impact, due to the compounding effect of interest rates. It is widely known 

that a higher cost of capital lead to a lower present value and vice versa. 

The cost of capital estimated for this thesis, was found rather low compared to what is normally 

used by corporate finance and practitioners. Therefore, this parameter is considered quite interesting 

to conduct a sensitivity analysis on, in order to see how sensitive the project valuations are to 

changes to this parameter. 

Lastly, the cash flows also affect the result of the valuation models to a high degree. The cash flows 

have similar effects as the cost of capital in the way that it directly affects the underlying value and 

present value calculations. A higher cash flow therefore leads to a higher valuation due to the 

resemblance of a higher profitability. 

However, as the cash flows are very difficult to estimate, due to the unknown efficiency and safety 

of the drug, it is highly relevant to investigate how the valuation reacts to a change in cash flows. In 

addition, the market size and development duration is important, as well as competitive interactions. 

In the DCF model, a change in cash flows should have an effect of one to one, meaning that an 

increase of 10 % should lead to an increase in the NPV of 10%. The effect is not exactly the same 

for the option models, as the cash flows are also influenced by the volatility. For example, in the 

binomial model there will also be a compounding effect, due to the up and down factors. Therefore, 

an increase in cash flows of 10% should lead to an increase in the valuation of more than 10%. This 

is because it is the base scenario, which is increased, however, the range of future values gets 

widened and, as mentioned earlier, the unprofitable scenarios will just be abandoned. 

The Black-Scholes and compound option models have a similar effect to the binomial model, but it 

is not as visible in the calculation of the models, due to their mathematical complexity. However, 

the relationship is the same, with increasing cash flows leading to an increasing option value. 

4.5.2 Applicability of the models 

The level of intuition necessary to understand the underlying mechanics of the respective models 

varies greatly. The DCF and binomial models are more visual and it is easy to follow and explain 

the valuation process using these models. In comparison, the Black-Scholes and compound option 
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models are very hard to visualize and a profound understanding of mathematics is required to 

understand the dynamics of the valuation. 

Another thing that is important to consider is the applicability and ease of use of the valuation 

models. The DCF and Black-Scholes models are quite easy to set up, whereas the binomial and 

compound option models are more complex and the compound option model requires advanced 

mathematical programming software. 

Intuition and applicability are important to consider, when evaluating valuation methods, as it 

should be possible to explain your findings in an easy and intuitive way to decision-makers in real 

life scenarios. 

All of the models analyzed have their advantages and disadvantages regarding their use for valuing 

the drug development process. In an optimal world, a valuation model would contain different 

features from the models used in this thesis, but this would also result in a very complex model. 

Therefore, it might be better to utilize different models to shed light on different issues. The 

binomial model is a good visual interpretation of the process and takes into account different kinds 

of risks and probabilities, in a way that is easily understood. The DCF model is arguably not the 

best model for valuing the drug development process, as it does not incorporate flexibility and 

uncertainties, but it is the foundation for the real option models, which makes it a necessity to use. 

Furthermore, the DCF is widely known and used, and its simplicity makes it easy to explain, which 

probably makes it a preferred model to practitioners, as seen in Hartmann and Hassan (2006) and 

Block (2007). 

An advantage of the Black-Scholes model is that it is quite fast to compute an option value, as soon 

as you have the input parameters. However, the level of precision can be questioned. This is due to 

several factors; first, it is very reliant on a precise estimate for the volatility, which is hard to obtain 

for real options, as the underlying is normally not a traded asset. Second, it is built for European 

financial options and therefore modifications are required to implement the characteristics of an 

option with multiple decision points. The sequential construction of Black-Scholes made in this 

thesis might not be entirely correct for the specific kind of issue. 

The compound option models implement the sequential decision-making process in way that is 

believed to be more correct, than the sequential Black-Scholes model applied in the analysis. The 

model therefore incorporates the correlation between the decision points and also modifies the 
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Black-Scholes formula, such that the option value is derived from the underlying asset at any given 

time. Hence, the compound option models imitate the characteristics of a drug development process 

more realistically. However, the advantages of the compound option models also result in more 

mathematical complexity, which creates a tradeoff between accurate results and the level of 

difficulty. 

As the models have now been analyzed and compared to each other, the focus will turn to the 

sensitivity analysis. The critical input variables were analyzed to be; volatility, cost of capital and 

cash flows, hence the focus of the sensitivity analysis will be on these. This is due to their expected 

importance for the valuation and the difficulty of estimation. 

4.6 Sensitivity analysis 

In the following sections, a sensitivity analysis will be conducted based on the critical variables 

chosen in the previous section. The variables tested are examined at 5 different levels, the original 

values and ± 10% and 20%. It is therefore tested how the value of the different models varies, as 

the value of the critical variables increase or decrease. 

The structure of the analysis will be that each critical variable is analyzed separately, such that the 

impact is has on the individual models compared to the others can also be examined. Therefore, the 

next section will make a sensitivity analysis of the volatility, the subsequent section will analyze the 

sensitivity to cost of capital, and lastly, the sensitivity to the cash flows will be analyzed. 

4.6.1 Sensitivity to volatility 

As described in the analysis of the results obtained; volatility does not have any influence on the 

DCF model. Higher volatility gives higher option value in the binomial model through increasing 

the upside, while the downside is still limited. In the Black-Scholes and compound option models, 

the implications were less intuitive, but to a certain level, the effect should be the same as for the 

binomial model. Additionally, the volatility parameter has a less direct and intuitive effect, as it is 

included in the calculation of the limits for the distribution function. 
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Sensitivity to volatility         
Volatility 60.18% 67.71% 75.23% 82.75% 90.28% 
DCF model -12.5  -12.5  -12.5  -12.5  -12.5  
  0.0% 0.0% 0.0% 0.0% 0.0% 
Binomial model 1.9  2.8  3.7  4.5  5.3  
  -48.3% -23.8% 0.0% 23.1% 45.3% 
Black-Scholes (single) 24.4  26.1  27.8  29.5  31.1  
  -12.2% -6.2% 0.0% 6.0% 11.7% 
Black-Scholes (sequential)  37.5  41.1  44.7  48.2  51.7  

 -16.0% -8.0% 0.0% 7.9% 15.7% 
4-fold compound model 40.0  44.7  49.4  53.9  58.4  
  -19.0% -9.4% 0.0% 9.2% 18.2% 
4-fold compound w.  1.0  1.5  2.1  2.8  3.4  
probabilities -52.0% -27.7% 0.0% 30.2% 61.9% 

Table 5 – Sensitivity to volatility 

Since the DCF model does not include volatility as a parameter, nothing changes in this model as 

volatility changes. Keeping all else equal the effect of changing the volatility is more than one to 

one in the binomial model. In other words, the binomial model is extremely sensitive to changes in 

the volatility parameter. As seen in table 5, where the results for the sensitivity analysis to the 

volatility is shown, the project value decreases more when volatility falls than it increases when 

volatility increases. Doubling the change in volatility, either up or down, has approximately the 

double effect in the project value as well. As can be seen in figure 9 the sensitivity to the volatility 

gives a positive but diminishing slope, which means that the large effect of the volatility on value 

slows down the higher the volatility gets. Even though the effect flattens as the volatility increases, 

a 100% increase causes an increase of approximately 200% in value reflecting the great effect the 

volatility has to the binomial model estimates. The breakeven value, the value of the volatility 

which gives a NPV of zero, is 43.63% and is also observable from the figure 9, as the volatility 

shows no further effect below this point of volatility. This is due to the fact that the option is 

worthless when it has value lower than zero. This has been built into the binomial model and 

therefore the value of the project value is zero below this point of volatility. 



Page 73 of 134 

 

 
Figure 9 – Development in the effect of volatility 

As mentioned, the volatility parameter and the effect it has on the Black-Scholes models is less 

predictable, because it enters into the variables from which the normal distribution is taken. 

Therefore, the expectation is that to some level the volatility will increase the option price, but that 

this effect will diminish, as the volatility increases to great levels. In figure 9 this effect is 

confirmed for the value of the single Black-Scholes model, and this effect is true both for high and 

low values of volatility. More precisely, the effect of the volatility seems to stabilize at around 20% 

and 140% and increases between the two points. 

For the single Black-Scholes model, the effect of changing the volatility 10% is approximately 6%, 

indicating a quite small effect from changing the volatility. This effect, which is less than one to 

one, is easily explained, as the volatility is not a direct input in the option value, but a input variable 

that is included in the 𝑑  and 𝑑  parameters, which causes it to have less effect than in the binomial 

model. Additionally, since the normal distribution is taken from the 𝑑  and 𝑑  parameters, the effect 

is further diminished. Furthermore, as the single Black-Scholes option is so deep in the money, the 

volatility only has a minor impact on the project valuation. This is due to the properties of the 

normal distribution, which returns a probability of 1 once the value reaches a certain point. The 

volatility will therefore first get an impact when the parameter is in a range where the returned 

probabilities from the normal distribution can be affected more. 

The single Black-Scholes model does not have a breakeven point for the volatility, as the option is 

so deep in the money that changing the volatility will not make it unprofitable. This is due to the 
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fact that the model has been built in a way such that the R&D expenses are very low compared to 

the possible profit at the end of the option period and since there is only one decision point, the 

model shows that the project is greatly profitable. 

The sequential Black-Scholes model shows many of the same effects as the single Black-Scholes 

model. With decreases in the volatility the NPV decreases relatively more than it increases when 

volatility increases. Furthermore, the sequential Black-Scholes model is marginally more sensitive 

to volatility than the single Black-Scholes model, but the effect is still less than one to one, making 

it considerable less sensitive to volatility than the binomial model. 

From figure 9 it is clear that the volatility of the sequential application behaves similarly to that of 

the single Black-Scholes model. At low levels of volatility, the impact volatility has on the value is 

stagnating. For higher levels of volatility, the effect that the volatility has does not seem to slow 

down as significantly as it does in the single Black-Scholes model. Thereby, the volatility does not 

only seem to have a larger overall effect in this model compared to the single Black-Sholes model, 

but especially for the higher values of volatility the incremental effect of volatility is much greater 

than in the single model. 

The breakeven volatility point was also attempted to be found for the sequential Black-Scholes 

model, but was once again not found, as the volatility cannot cause the NPV to fall below zero; in 

fact it was found that the minimum value that could be obtained was USD 18 million.  Again, this is 

due to structure of the model, where the upside is so large that the volatility cannot cause the project 

to become unprofitable. 

Likewise, the first application of the compound option model also showed similar effects as the 

Black-Scholes models, which makes sense, as it is based on the Black-Scholes formula. From table 

5 and figure 10 it is visible that the compound option model is slightly more sensitive to volatility 

than the sequential Black-Scholes model, which is probably due to the correlation between the 

different stages in the model, meaning that the volatility effect for all the other phases is also 

included in the final option value. 

Contrary to the first application of the 4-fold compound option model, the second application with 

explicit technical risk probabilities incorporated showed an opposite relationship between whether 

decreases or increases in the volatility had the greatest impact on the project value. In the second 

compound option model, the impact of an increase in volatility is greater than the impact of an 
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equal-sized decrease in volatility, which is opposite to all the other option models. Furthermore, the 

impact to value caused by volatility is also much larger than in any of the other models. This can 

partly be due to the fact that the project value in the base scenario is also by far the lowest of the 

option valuations and thereby, a given increase or decrease can be larger when measured in 

percentages. Nevertheless, it does not change the fact that when measured in percentages, the 

second compound option model is the most sensitive with regards to changes to volatility. 

However, the fact that the second application reacts differently compared to the other option models 

regarding whether a decrease or increase has the largest impact on the project value is quite 

surprising. The reason for this relationship must have something to do with the discrete probabilities 

for the technical risk, as this is the only addition compared to the first version of the 4-fold 

compound option model, which had a relationship similar to the binomial and Black-Scholes 

models. 

From figure 10 below, it is illustrated that the single Black-Scholes model, the sequential Black-

Scholes model and the first application of the 4-fold compound model has quite similar sensitivities 

to volatility. This makes sense, as they are all based on the same formulas. The sequential Black-

Scholes model and the 4-fold compound option models are both slightly more sensitive to volatility, 

which could be due to the fact that both uses the value of the other options beforehand to get to the 

final value. Thereby, the volatility indirectly enters into the calculations several times and have 

larger effect. It is also easily observed that the binomial model and the second version of the 4-fold 

compound option model are much more sensitive to changes in volatility than the other models. 
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Figure 10 – Sensitivity to volatility 

All the models examined, except for the second compound option model, show a greater negative 

effect to decreasing volatility than the positive effect arising from increasing volatility. For the 

second compound option model this relationship is opposite. Thereby, it can be concluded that 

volatility do greatly affect the models used in this thesis, but there is an upper and lower boundary 

to the effect in most models. This shows how the different assumptions that the models are based on 

also affect the valuations. The implementation of a probability function based on normal 

distributions in the Black-Scholes and compound option models also means that the results will not 

vary as greatly, thereby taking away some of the effect from the volatility. However, the compound 

option model including discrete probabilities has a higher sensitivity to volatility even though it has 

a normal distribution assumption, which is believed to be due to the discrete probabilities included 

in the function. It is quite the opposite for the binomial model, where there is no such assumption 

and returns can therefore vary more. 

The sensitivity analysis of the volatility further confirms some of the issues and concerns discussed 

when the volatility estimate was chosen for this thesis. Apart from being an extremely difficult 

parameter to estimate for real options, it also has a great impact on the project value. Therefore, the 

choice of a volatility parameter can be extremely influential to the final decision on whether or not 

to enter the project based on profitability. An imprecise volatility can cause over- as well as 

underinvestment and as the parameter is so hard to estimate, it is hard to determine whether the 

parameter will cause one or the other. Furthermore, as seen with the second compound option 
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model, it is also extremely important to consider how the volatility is defined and what it captures, 

as this will have an influence on the sensitivity to volatility. 

Therefore, volatility, though one of the less intuitive and unobservable parameters, has a great effect 

and finding a proper estimate for this input variable can prove to have large consequences for the 

decision-making process. 

4.6.2 Sensitivity to cost of capital 

In this section, the focus will turn to the degree of sensitivity to cost of capital for the different 

valuation methods. Hence, the change in project value resulting from variations in the cost of 

capital will be analyzed. This is due to the hypothesis that the cost of capital has a very direct 

impact on the value of the underlying asset, and second the cost of capital estimated by the WACC 

approach earlier in this thesis turned out suspiciously low compared to what is normally applied 

within corporate finance (Berk and DeMarzo, 2013). However, the cost of capital applied in the 

sensitivity analysis uses values that are ±10% and 20% of the base scenario, in order to keep 

consistent with the other sensitivity analyses. In the real world it would probably be more 

appropriate to analyze the results for even higher values of cost of capital as well. Nevertheless, 

there is some uncertainty on the preciseness of this estimate and the sensitivity analysis therefore 

seems necessary to perform. 

Below table 6 summarizes the different scenarios with regards to the cost of capital (or discount 

rate) and the respective valuations provided by the different models due to the change in cost of 

capital. 
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Sensitivity to cost of capital         
Cost of capital 4.91% 5.53% 6.14% 6.76% 7.37% 
DCF model -9.0  -10.9  -12.5  -13.9  -15.1  
  27.8% 12.8% 0.0% -11.0% -20.3% 
Binomial model 6.2  4.9  3.7  2.6  1.7  
  69.4% 32.5% 0.0% -28.6% -53.7% 
Black-Scholes (single) 55.0  40.5  27.8  16.8  7.1  
  97.8% 45.6% 0.0% -39.8% -74.4% 
Black-Scholes (sequential) 68.9  55.9  44.7  35.2  27.1  
  54.3% 25.0% 0.0% -21.3% -39.4% 
4-fold compound model 73.3  60.4  49.4  40.1  32.2  
  48.5% 22.3% 0.0% -18.9% -34.7% 
4-fold compound w.  4.1  3.0  2.1  1.5  1.0  
probabilities 93.1% 40.1% 0.0% -29.7% -51.2% 

Table 6 – Sensitivity to cost of capital 

As can be seen clearly from the table, the different models applied react quite differently to a 

change in cost of capital. This is due to the different mechanics of the valuation methods, which 

were also briefly touched upon earlier in the analysis. 

A general tendency for the different models, however, is that the percentage increase in project 

value gets larger and larger for each decrease of equal size in the cost of capital. However, this is a 

characteristic of how discounting works and have been illustrated in below figure 11, where the 

same perpetual cash flow has been discounted at different levels of cost of capital. As the figure 

shows, the present value reacts much more to changes at a lower level of cost of capital than at 

higher levels. This characteristic will also have affected the results of the sensitivity analysis in this 

model. If the base scenario had had a higher discount rate to start with, the percentage changes 

would not have been as high. The interesting aspect of this analysis is, however, also how each 

individual model reacts to the same changes and compare the models’ reactions to each other. 
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Figure 11 – Relationship between PV and discount rate 

As can be quickly observed from table 6, the DCF model is the least sensitive to the changes in cost 

of capital, and therefore the real options approaches in this project are all more dependent on the 

cost of capital. In the DCF, a ± 20% change to the cost of capital results in -20% to +28% change 

in the project valuation, which is still quite substantial. Nevertheless, the NPV provided by the DCF 

is negative in every given scenario, so the change to cost of capital has to be even greater than what 

was applied in this analysis, before the value provided by the DCF turns positive and will imply that 

the company should invest in the project. 

In fact, the cost of capital required before the project value provided by the DCF model turns to 

zero, and where the company thereby becomes indifferent with regards to investing, is as low as 

2.82%. This is also the equivalent to the internal rate of return. Hence, the company should not 

invest unless their cost of capital is below 2.82%. 

The binomial model has a stronger reaction to a higher degree of change to cost of capital than the 

simple DCF model. The corresponding project value changes range from -54% to +69%, which is 

material changes to the value and will impact the profitability of the project drastically. However, 

when looking at the absolute value of the changes they are quite similar to the DCF model, as the 

changes to the project value all lie in the interval between USD 1 and 2 million for each incremental 

change to the cost of capital. 

However, even though the value reported by the binomial model changes substantially, it remains 

positive and the project will therefore not be abandoned in any case, but in case that the cost of 
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capital turns out even higher than tested by the sensitivity analysis, the value might turn negative. In 

fact, the point where the company is indifferent between investing in the project or not (in other 

words; the breakeven point for the NPV), is at a cost of capital of 8.76%. Therefore, a cost of 

capital higher than this point would result in the project being abandoned due to a negative NPV. 

The application of Black-Scholes with only a single option is very sensitive to changes in cost of 

capital, which is also easily seen from below figure 12, which illustrates the different models’ 

sensitivity to cost of capital. From figure 12 it can also be deduced that due to the upward curvature 

of the second compound option application the single Black-Scholes will actually be the most 

sensitive approach to further increases in the cost of capital, whereas the second compound option 

model is definitely the model that changes the most from decreases to the cost of capital. For the 

single Black-Scholes, however, the interval of the changes to the project valuation is -74% to +98% 

from a ± 20% change in cost of capital. The value provided by the single Black-Scholes approach 

therefore almost doubles with a decrease of 20% in the cost of capital. 

 

 

Figure 12 – Sensitivity to cost of capital 

The main reason that the Black-Scholes model is so sensitive to cost of capital, is found in the 

present value formula of the underlying asset, which enters directly into the Black-Scholes formula. 

Since the value of the underlying asset is assumed to be the value of the free cash flows at the time 

of commercialization, the discount rate would directly affect this measure. Furthermore, the value 
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will also be discounted back to the present time, which is just before the commencement of phase 

one of the clinical trials. The present value of the underlying asset therefore becomes greatly 

enhanced from the lower cost of capital, due to the long time horizon of a drug development 

project. 

As the project value is determined as a risk-free portfolio through the Black-Scholes model, the 

change to the value of the underlying asset affects the project value almost perfect, as it is only 

dependent on the 𝑁(𝑑 ) variable. There is however an opposing effect arising from the present 

value of the exercise price. Since the exercise price is a cost that has to be paid in order to enter the 

next phase of a project, it will positively affect the project value when this cost is lower. This 

happens when the discount rate, or cost of capital, increase, and vice versa; so a decrease in cost of 

capital, which leads to a higher value of the underlying asset, also leads to a higher value of the 

exercise price. Nevertheless, as the value of the underlying asset is much larger in magnitude than 

the exercise price in this case, the benefits of a lower cost of capital outweigh the additional cost 

incurred. That is why a value increase is observed when the cost of capital decrease. 

Just as seen with the binomial model, it is only a slightly higher cost of capital that is required 

before the company is indifferent between investing or not. For this particular application of Black-

Scholes the company will be indifferent when the cost of capital reaches 7.89%. Therefore, the 

project will also reach negative values once the cost of capital is above this threshold and the 

project will therefore be dropped. 

The second application of the Black-Scholes with four sequential options are subject to the same 

mechanics as the first application, however, there is still a difference between the two methods’ 

sensitivity to the cost of capital. The sequential application is not as sensitive as the first 

application, which can be seen from the changes to the project value. In the second application, the 

values only change between -39% to +54% due to the ± 20% change to the cost of capital. These 

are substantially lower than in the first application, where it was observed that the values would 

almost double or drop to a quarter of the initial value. 

By analyzing the results and models, the reason for why a difference exists can be found. In the 

sequential application, the underlying project is being discounted for the last phase only to reflect 

the final phase before commercialization. As the second to last option uses the last option as the 

underlying, and the option value is by nature lower than the underlying value, the discounting 
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hereof will also have less effect. As this process is carried out several times during the Black-

Scholes application, the cost of capital ends up being a less important factor compared to the first 

application. 

Additionally, the point where the company is indifferent between investing or not for the sequential 

Black-Scholes application is a bit higher than for the binomial and the single Black-Scholes 

approach. The cost of capital required for the NPV to become zero is 11.94%. In addition to the 

dilutive effect of using options at lower values than the R&D project as the underlying asset, this 

application also models more flexibility into the valuation compared to the single option Black-

Scholes. This also explains why the discount rate needs to be higher before the company is 

indifferent. 

The last types of real option models, the compound option models, are both the least and the most 

sensitive of the option models with regards to changes in cost of capital. However, the first 

compound option model, which is the least sensitive, is still more sensitive to the cost of capital 

than the DCF approach. Changes to the cost of capital of ± 20% lead to changes in the project 

valuation provided by the model of -35% to +49%. Hence, the first compound option model is also 

quite sensitive to changes in the cost of capital. The second application, where an explicit technical 

risk factor is included, is much more sensitive and the valuation changes from -51% to +93% from 

the ±20% change to cost of capital. 

As the underlying mathematics of the compound option models are based on the Black-Scholes 

formula, this model reacts in the same manner as the Black-Scholes approaches. The reason why 

there is a difference must therefore be explained by the compound option model’s application of 

multivariate normal distributions and using the R&D project as the underlying asset throughout all 

stages of the valuation. Additionally, the second application has added an explicit technical risk 

parameter, which also affects the valuation and the sensitivity to the input parameters as well. 

It has to be noted that the magnitude of the increases and decreases to the project valuation in the 

Black-Scholes and first compound option model are very similar. Each change in the cost of capital 

results in a change in the project value of between USD 7-15 million, and since the value of the 

base scenario differs slightly, it will affect the percentage changes. The incremental changes in 

value of the Black-Scholes and first compound option model are also much higher than the 

incremental changes seen in the DCF and binomial model. This might be explained by the fact that 
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the Black-Scholes and first compound option model do not incorporate a specific technical risk into 

their valuation and therefore the cost of capital gets a higher impact when measured in millions. 

Therefore, the discounting is not as influential since the expected discounted cash flows are only 

15.3% of the cash flow that will be realized in the case that the product reaches commercialization. 

Therefore, the DCF, binomial, and second compound option model are not as affected by the cost of 

capital, when measured in dollar impact, as their cash flows are also adjusted for risk. 

The second application of the compound option model reacts similarly to the binomial model; 

however, the base value of the compound option model is much lower, hence, an equal-sized 

change will result in a higher percentage change. This must also apply to the difference between the 

two compound option models, as their underlying mechanics are the same with the only difference 

being the explicit technical risk factor. However, this addition should only lower the impact of 

changes to other variables, as the effect of the discrete probabilities reduces the value by a constant 

factor. Hence, the reason why the second compound option model appears to be so sensitive should 

at least partly be found in the fact that it has a very low base value. 

Nevertheless, generally the findings obtained from analyzing the individual models to changes in 

cost of capital were expected to a certain degree. Some of the percentage changes were found to be 

quite high, but this can probably be explained by the initial level of cost of capital and the fact that 

changes to discount rates at a lower level, result in more drastic changes to value. Additionally, the 

first Black-Scholes and the second compound option model were not expected to be as sensitive to 

the changes in cost of capital as seen by this analysis. However, it makes sense in hindsight, as the 

cost of capital has a direct and substantial impact on the value of the underlying asset and therefore 

the value of these option methods also increases drastically. 

4.6.3 Sensitivity to cash flows 

This last section of the sensitivity analysis investigates the sensitivity to changes in the free cash 

flows. As mentioned above, this measure contains a lot of uncertainty, as it lies far out in the future 

and since many factors influence it due to competition in the market, safety and efficiency. 

Therefore, this analysis measures the sensitivity of the different models to a change in the free cash 

flows parameter. In table 7 below, the results are shown for a ±10% and 20% change in the free 

cash flows estimate. 
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The peak sales has been chosen as the proxy for cash flows, as the model is built in a way, such that 

all free cash flows are reliant on the revenue of the product, as explained in the methodology. The 

only exception is the R&D expenses, which was estimated using historical data, and it is also 

believed that the R&D expenses incurred are not necessarily correlated with the potential sales. 

Therefore, the R&D expenses are considered certain, as the cost related to a new drug most likely 

will just imitate previous projects and it is also easier to control by the company. 

Sensitivity to peak sales         
Peak sales (mUSD) 141.21 158.86 176.51 194.16 211.81 
DCF model -16.7  -14.6  -12.5  -10.5  -8.4  
  -33.0% -16.5% 0.0% 16.5% 33.0% 
Binomial model 1.3  2.5  3.7  4.9  6.0  
  -64.1% -32.1% 0.0% 32.1% 64.2% 
Black-Scholes (single) 1.7  14.7  27.8  41.0  54.1  
  -94.0% -47.1% 0.0% 47.2% 94.6% 
Black-Scholes (sequential) 24.3  34.2  44.7  55.6  66.9  
  -45.7% -23.5% 0.0% 24.4% 49.6% 
4-fold compound model 30.7  39.7  49.4  59.5  70.0  
  -37.8% -19.5% 0.0% 20.5% 41.8% 
4-fold compound w.  0.9  1.5  2.1  2.9  3.8  
probabilities -55.4% -30.9% 0.0% 37.1% 80.2% 

Table 7 – Sensitivity to peak sales 

As seen in the table, the DCF model is the least affected by a change in the peak sales. A reason for 

this reaction is that a technical risk is incorporated in the DCF model, which means that there is 

only a 15.3% chance that these cash flows will occur in the future and combining this with the 

discounting it takes away some of the sensitivity to this measure. 

The influence from peak sales is a symmetric and linear effect to the value of the DCF model. This 

symmetry is due to the mechanisms of the DCF model, where a change in the future cash flows will 

directly affect the valuation, whether it is an up or down movement. Furthermore, the magnitude of 

the change in value is greater than the change in peak sales, as it can be seen from the table above 

that the value changes approximately 16.5 % for every 10% movement in the peak sales. This is 

primarily due to the fact that the change in peak sales does not affect R&D expenses and thereby 

only affects the commercialization phase, where all the incoming cash flows arise. 

A breakeven analysis was conducted in order to see at what value of peak sales the rNPV for the 

DCF would become zero. The result of this was USD 283.52 million and therefore, the estimate for 
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peak sales should increase drastically before the NPV for the DCF turns positive.  This corresponds 

with the general expectations for the DCF model, as costs are incurred in the first years, but 

revenues happen at a later stage and is therefore discounted back to a greater degree. 

The binomial model is more sensitive to the peak sales than the DCF model is, due to the 

compounding effect built into the binomial tree. Therefore, a 10% increase will have a greater effect 

than in the DCF model. The effects are close to symmetric, but it is expected that with larger 

changes in peak sales, a smaller effect will show for decreases than for increases, because 

unprofitable projects are abandoned and will take a value of zero. This shows the flexibility of the 

abandonment option. 

Furthermore, a breakeven analysis was conducted and showed that the project break even at a peak 

sales level of USD 121.46 million. Therefore, if the expectation, with regards to sales, is lower than 

this amount, the project will no longer be profitable. Here it is important to mention that this 

estimation is based on year zero. Should this expectation arise at a later stage, one has to consider 

that R&D costs up to this point are sunk and should therefore not be included in the valuation. 

The single Black-Scholes model could be argued to be the most sensitive method to changes in the 

peak sales. This is illustrated in figure 13, which shows the sensitivities of the different models to 

peak sales graphically. As the single Black-Scholes model is the most sensitive to decreases in peak 

sales, it will reach the break-even level faster. However, the second compound option is the most 

sensitive with respect to increases. Additionally, the changes of ± 20% have very great influences 

on the values, which almost vanishes when the peak sales is decreased and roughly doubles when 

peak sales increases. This is the same dynamics as was seen for the cost of capital, just with the 

opposite signs, as value decreases when cost of capital increases and decreases when peak sales 

decreases. 
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Figure 13 – Sensitivity to peak sales 

Breaking up the formula, it is observed that the peak sales of course affect the underlying asset 

value, which is one of the input variables for the Black-Scholes formula. This value also affects the 

𝑑 and 𝑑  variables, which therefore leads to the slight curve effect, when they are included in the 

normal distributions. Therefore, there are two sources of influence in the Black-Scholes formula, 

when peak sales differ. 

Once again, a breakeven analysis was performed and it showed that at a peak sales level of USD 

138.93 million, the NPV is equal to zero. The reason that peak sales has to be that much greater 

than in the binomial model, is that since no technical risk is calculated in the model and there are no 

stages, all R&D costs are assumed to be incurred with certainty and therefore a larger peak sales is 

demanded to cover those costs. 

The sequential Black-Scholes model shows the same dynamics as the single Black-Scholes model, 

but is less sensitive, as it is divided into several stages, which dissolves the assumption that all costs 

are certain to occur. Furthermore, as was also observed for the cost of capital, peak sales only affect 

the last option directly, whereas the option prior to the final one is only indirectly affected, as they 

use the option value as underlying. Therefore, the effect is diluted throughout the stages. 

The breakeven for the peak sales in the sequential Black-Scholes is USD 79.13 million, which is 

considerably lower than the values obtained for the binomial and the single Black-Scholes model. 
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This must be due to the added flexibility of the model, which makes it possible to avoid some R&D 

expenses, which are otherwise considered certain in the single Black-Scholes model. 

The sensitivities of the final methods, the compound options, differ depending on the method, as it 

is either the least sensitive option approach or arguably the most sensitive approach to changes in 

peak sales. This is due to the fact that, similarly to the Black-Scholes models, the formula is 

affected by peak sales in several parameters, but since they enter the multivariate normal 

distribution functions their impact on the valuation is lowered. Therefore, a slightly higher 

sensitivity than the DCF is observed for the first compound option model, but lower sensitivity than 

the other option models in use. For the second compound option model, which is clearly very 

sensitive to the peak sales parameter, it is once again suspected that this has something to do with 

the low initial value that makes changes look bigger when measured in percentages. As was also the 

case for the cost of capital, the only change between the two compound option models is the 

explicit technical risk factor, which should lower the nominal value of any changes as well, which 

is also seen by looking at the nominal changes to the value. 

Additionally, it is very clear that the second compound option model also facilitates a positive and 

increasing slope, which is evident from figure 13. This implies that the increase in value from a rise 

in peak sales is slightly higher than the decrease resulting from a fall of equal size in peak sales. 

A breakeven analysis has not been prepared for any of the compound option models for any of the 

critical variables, as the setup of the model in excel, with inputs from Mathematica, does not allow 

for dynamically estimating the breakeven points. Based on the figures presented earlier in the 

sensitivity analysis, it is expected that the first compound option model reacts similarly to volatility 

as the Black-Scholes applications, and it is therefore unclear whether it is able to reach zero. 

However, none of the Black-Scholes applications were able to reach zero and therefore it is 

probably not possible for the first compound option either. The second compound option model 

reacts similarly to the binomial model and, hence, a volatility level around the level required for the 

binomial model to break even is expected. Regarding the levels of cost of capital required for the 

compound option models to break even it is expected that the first compound option model breaks 

even at a level between the values seen for the DCF model and the sequential Black-Scholes. The 

second compound option model is expected to break even at a lower cost of capital than the first 

compound option model, and it will probably be at a level between the sequential Black-Scholes 

model and the binomial model. The breakeven point for the first compound option model with 
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regards to peak sales is expected to be lower than for the rest of the option models, due to lower 

sensitivity. For the second compound option model the breakeven point is expected to be between 

the single Black-Scholes model and the binomial model. 

The result of the sensitivity analysis conducted for the peak sales, was in line with the expectations. 

It was unexpected that the single Black-Scholes model was so sensitive, but on the other hand non-

intuitive results were expected for this model, as it has little explanatory power of how the drug 

development process and the commercialization works in real life. 

As the results of the individual models have now been analyzed individually and comparatively, 

and a sensitivity analysis has been conducted, this thesis will turn to the discussion of some of the 

important elements observed throughout this thesis.  
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5 Discussion 

Now that the analysis has been conducted and the results for the different models have been found 

and analyzed, some of the results were found to be quite interesting and therefore, we would like to 

discuss them further. In this section, the focus will be on concerns primarily regarding volatility, 

cost of capital, and consequences for the decision-making process, among others. The aspects 

covered will be issues regarding the applied methodology, other alternative approaches and 

potential topics for further research. It should be mentioned that we have chosen a few interesting 

aspects to discuss. This does not mean that these are the only interesting points for discussion, but it 

has merely been chosen to discuss what we believe was especially important for the models applied. 

5.1 Volatility 

Concerns for the estimation of volatility  

The first factor that was found to be very important to discuss further is the volatility. The volatility 

is a variable that throughout this thesis has been a center of attention, as it is hard to estimate 

properly and has a very large effect on the final valuation of the project. 

As described previously, the volatility estimate used was an industry average of the stock return 

volatility in the biotech industry. This was used as a proxy for how one would expect the volatility 

to be in a biotech firm, which is aligned with Hartmann and Hassan (2006), who finds that most 

external analyst uses biotech stocks to find the volatility. This approach was taken, as we have no 

internal data, which is a requirement in many other approaches. However, it is expected that the 

valuation method used in this thesis will be interesting for companies and therefore, the volatility 

approximation should be estimated in another way to give a reliable result of the valuation. When 

discussing the volatility, valuation methods, and inputs in general, it is important to distinguish 

between how internal valuations are carried out compared to how external analysts perform 

valuations. 

Internal valuations have access to a lot more specialist knowledge, such as historical product 

portfolios, health economists, internal estimates and so on. Thereby, they can produce very different 

and most likely more precise estimates for inputs such as the volatility. Hence, one could imagine 

that many companies use data from prior projects and from experts to find inputs for specific 

project valuations. 
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On the other hand, external analysts do not have access to this kind of knowledge and information. 

Therefore, other approaches should be used. The most straightforward approach is the one used in 

this thesis. The problem with this approach, however, is that the stocks of a company might not give 

a very good reflection of the risk of an individual project. Many analysts might be tempted to use 

this approach, as it is what you do to value financial options and thereby, the approach seems 

familiar. However, it might not be as precise for real options. 

An alternative to using an industry, as done in this thesis, is to find a single company, which could 

be a good proxy for the drug development project. In this case, it would make sense to use a one-

drug company, such as Mannkind, which was examined in the volatility estimation, and their stock 

returns in the different phases for the drug development. Thereby, you can actually find the stock 

return volatility for every single phase, based on the stocks. Since it is a one-drug company, there 

should not be any noise from other projects influencing the stock returns and therefore, it imitates 

the characteristics of a single project. However, as there are general movements on the stock 

market, it is necessary to remove the noise from the general economy and macro effects, if possible. 

This approach incorporates both technical and economic risk, as the stock price reflects all publicly 

available information. This is due to the fact that it is assumed that all investors are well informed 

and rational, and are thereby aware of the technical risk inherent in the company or stock. 

Therefore, the volatility provided by this approach will fit into the models that defines the volatility 

to include all uncertainty associated with the project. 

Using the above mentioned method is still not a good fit for all the models in use, as some of them 

have the technical risk incorporated as a separate input variable. Since it is incorporated as a 

separate variable, it should not be reflected in the traditional volatility estimate. However, it is 

extremely difficult to isolate the effect of the technical uncertainty from the economic uncertainty in 

that estimate and it should not be included twice in the model. A way to circumvent this issue could 

be to use scenario analysis or simulation to estimate the volatility of possible cash flows. Thereby, 

the stock market does not have to be used as a proxy, but careful modeling and simulation of future 

cash flow scenarios can be used instead. These simulations should of course not take into account 

the possibility of technical failure, as this effect should be isolated. The technical risk can be 

reflected using the success probability averages for the specific disease group provided by 

governmental instances. In the models used for this thesis, this approach fits well into the models, 
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as the discrete probabilities directly enters the formula, while models similar to the one suggested 

by Pennings and Sereno (2011) requires that this measure is reformulated. 

The simulation approach to finding the project volatility could also be used in the models, where 

technical and economic uncertainties are both captured in the volatility parameter. It might even be 

preferable to the use of stock market returns, as a stock is not a good proxy for the underlying, 

which is a project. For real options, it makes more sense to use the actual or estimated volatility for 

the underlying, which is derived from the expected cash flows, instead of stock market returns. 

Using this approach would need a bit more modeling, as the technical uncertainty would have to be 

incorporated into the volatility estimate. Even though it requires more modeling and adds more 

complexity, it would provide a more accurate estimate for the project in question, as it can take 

specific considerations to the project and adjust parameters such as market size and share. This is 

not possible when using stock returns. Thereby, the volatility parameter also gets more intuitive, as 

it explains the characteristics of the value of the underlying project. This could therefore be 

valuable when managerial decisions have to be taken. 

Common for all the models is that they rely on a single measure of volatility for all the phases the 

project goes through. Intuitively, it can be argued that a constant volatility throughout the entire 

project might not be very realistic. This is due to the fact that there is more uncertainty in a project 

when it starts, as it still has many phases left, whereas in the last phase there should be less 

uncertainty, as there is only one approval left. Therefore, a lot of the uncertainty from the start is no 

longer relevant. Following this intuition, it can be argued that when valuing an early state R&D 

project the volatility will be underestimated, while the volatility in the later state project will be 

overestimated, as the volatility used for all phases is merely an average. According to standard 

option theory, this will lead to undervaluation in early states and overvaluation in the later stages, as 

it is commonly known that higher volatility adds value. 

This aspect could be an interesting topic for further research, first to investigate if this bias exists 

and if it exists, to figure out how to correct it. We would expect that it is solved by using a phase 

specific volatility, to account for the higher volatility in the beginning of a project. Hence, the 

model should incorporate several volatilities, such that the model uses a separate volatility for each 

phase. 
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Using the above-mentioned approach in the models, where technical uncertainty is not incorporated 

as an individual parameter, would as described imply that the project is worth more in earlier states 

due to higher uncertainty. This leads to a quite important question of whether technical uncertainty 

creates value for a project in this setting. When technical uncertainty is included as a discrete 

probability, it will always reduce the value of the projects, whereas it will increase the value of the 

project when it is included in the volatility parameter. Intuitively, it can be hard to figure out what 

seems most correct, however, the technical risk can be interpreted merely as a binomial process; 

whether you are allowed to continue or if you need to drop your project. Therefore, the technical 

risk does not increase your upside, but just allows you to go on with your project. 

Academically, the correct way to incorporate the technical risk is also up for discussion. Cassimon 

et al. (2011), uses a method, where the technical risk decreases the project value, whereas Pennings 

and Sereno (2011) argue that technical risk will always increase option value. Pennings and Sereno 

(2011) suggest that the additional technical risk increases value by providing an extra opportunity 

of abandoning the project. The approach used by Cassimon and colleagues (2011) seems intuitively 

correct, however, the jump-process applied by Pennings and Sereno (2011) is probably also well-

argued and good to use in some other aspects. The academic literature is quite limited on this 

subject and it is therefore hard to conclude what the correct approach will be. Furthermore, it is also 

hard to do empirical testing on such a measure, as the underlying asset is not traded. 

Implied volatility 

Another interesting aspect could be to investigate the implied volatility. Assuming that the project is 

either traded in the market at a certain value, or another company makes a proposal to acquire the 

project, it is possible to calculate the implied volatility given the price. Implied volatility is usually 

a term used in financial option trading, where traders do not take into consideration the nominal 

value of the option, but rather trade based on the implied volatility at a given price. This approach is 

used because the volatility is the only input in option pricing that is not directly observable in the 

market. Thereby, you can use the other inputs to calculate the expected future volatility for a certain 

price and based on what the expectations to the volatility are the options can be traded. So, at a 

given price the equation is solved for volatility and thereby, a term is found for expected future 

volatility of the option. 

Assuming that the market correctly prices the options, the implied volatility is a forward-looking 

measure. It will therefore measure the expectations to future uncertainty, which should be a more 
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correct estimate to use, when using option valuation models. In the previous sections the concern 

was mainly on using historical volatility, which is based on data from the past. Historical volatility 

does therefore not include any expectations for the future, but rather assumes that the future will be 

similar to the past and as described by for example Welch and Levi (2012), this assumption is 

unlikely to be correct. Therefore, using the implied volatility can be a good way to avoid using 

historical data, but it also means that there must be some expectation to what the market price of the 

option should be beforehand. 

In a real option setting, this could also be an applicable approach. If a certain value for the project in 

question is not known, it would need to be estimated using implied volatility from options on for 

example biotech companies as a proxy. The volatility used for the valuation will thereby be based 

on the expectations to the future and will probably be more theoretically correct. The concern about 

using this method could be that the underlying company of the option is not a good match. 

Furthermore, if the option is illiquid it might not be priced efficiently and thereby this would not be 

a good measure. The implied volatility measure should therefore still be critically reviewed before 

applying it in valuation models. However, it definitely still has some positive characteristics that the 

valuation can benefit from. Another approach could be if managers have an educated guess or have 

been offered a certain price for the project and hence, the implied volatility could be derived from 

this. 

Now that some of the details regarding implied volatility have been discussed, we would like to 

demonstrate an example of how it could be used in a real life case. The valuation models used 

earlier in this thesis will therefore also be used here to calculate implied volatility given two 

hypothetical prices. The scenarios where this situation is likely to happen is when, for example, a 

company bids to acquire the entire project, when the company chooses to license the drug or in a 

more theoretical case, where investors could efficiently trade biotech projects on the market. In 

these cases the projects’ owners will be faced with a fixed price and can calculate the implied 

volatility based on this. This measure can be used to evaluate the offer and base a decision on this. 

For financial options the usual rule is that you should sell at high levels of implied volatility and 

buy at low levels of implied volatility. 

To illustrate this, we have found the implied volatility for the option models used in this thesis at 

the project values of USD 5 million and USD 20 million. These prices could represent a 

hypothetical offer from another company to buy the project. The results to these cases can be seen 
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in below table 8. It should be noted that the values of the implied volatility for the compound option 

models are approximations, as it is not possible to solve in the same way as was done with the other 

models. 

Model  Implied volatility USD 5m Implied volatility USD 20m 
Binomial model 87.1% 496.7% 
Black-Scholes (single) n/a (min USD 19.9 m) 28.9% 
Black-Scholes (sequential) n/a (min USD 18.0 m) 20.6% 
4-fold compound model n/a (min USD 7.8 m) Approx. 29-30% 
4-fold compound model w. 
probabilities 

Approx. 107-108% Approx. 550% 

Table 8 – Implied volatilities 

For a value of USD 5 million, it is only the binomial model and the 4-fold compound option model 

that gives an implied volatility. This is because no level of volatility can decrease the value of the 

other models to less than their minimum value, which is indicated in the table. The minimum values 

are given by the models’ boundary conditions, which are equal to 𝑉 − 𝑃𝑉(𝐾). This clearly shows 

the drawback of the two Black-Scholes models and the first 4-fold compound option model, as they 

are modeled in such a way that they have a lower threshold of more than USD 5 million in value 

and therefore they can in no way turn out to be unprofitable from changing the volatility. This 

would indicate that the project is always profitable, which does not seem realistic. 

Additionally, the implied volatility was calculated using the project value of USD 20 million. At 

this level, all models were able to estimate the implied volatility, but the values obtained varied a lot 

for the different models. The values of the implied volatility are very low for the models without 

explicit technical risk with an interval of approximately 20% to 30%, while the models including 

technical risk had extremely high values of around 500 % to 550%. To put this in perspective, US 

stocks on large companies has a volatility of approximately 20-30% (CBOE, 2017). This again 

confirms that there are some very fundamental differences in how these models are built and it 

makes a large difference, whether volatility is separated into two different parameters or included in 

the usual volatility parameter. 

Finding the implied volatility is a tool that managers can use in several ways. First, it can be used as 

a sanity check to see how well the volatility chosen corresponds with an intuitive guess of the value. 

Furthermore, as was described before, it can be used in M&A situation to see how an offered price 

corresponds with the expectations to the project. Additionally, managers can also apply the implied 
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volatility from biotech stocks, as a proxy for the project volatility. At last, depending on the model 

in use, the model will return a very different volatility and hence the management should be very 

attentive to the specific model in use. Therefore, it is important to be very aware of the fact that the 

volatility captures different things in the different models. It is clear from the models that the 

distinction between the effects of economic and technical uncertainty makes a large difference. 

When it is all captured in the single volatility parameter, it adds much value to the projects, whereas 

the technical uncertainty by itself, in the models where it is separated from the economic 

uncertainty, reduces the value. 

The implied volatility approach, as seen above, can be a valuable tool for the valuation and the 

analysis behind, but it is most valuable when there are certain expectations to the value of the 

project. To have these kinds of expectations to the value requires a lot of knowledge of the industry 

and probably experience from prior projects. Thereby, this method will probably benefit the internal 

valuation process more than external analysts. 

Active risk mitigation 

Throughout this thesis, the volatility parameter has been treated rather exogenously, implying that it 

cannot be impacted by any decisions. This is also the assumption of the models applied. However, 

in the real world it is found that managerial effort can have an effect on investments (Gryglewicz 

and Hartman-Glaser, 2014). Due to moral hazard issues the managers’ impact on investments can 

be hard to estimate. 

It has been made clear that drug development projects have a lot of uncertainty and are therefore 

quite risky. So far, risk and uncertainties have been treated as factors that cannot be mitigated, but 

in reality management can probably affect several risk factors by exerting effort (Gryglewicz and 

Hartman-Glaser, 2014). 

Depending on the kind of risk observed, different measures can be taken by managers. Technical 

risk is one of the risks that are hard to mitigate. The probability of success in all the clinical trials is 

not only dependent on the company, but also that the FDA approves the drug in the end. 

Nevertheless, the technical risk has a very high impact on the valuation, which was seen in the 

difference between for example the different compound option models. 

Managers could for example have influence on the economic risk, which is influenced by many 

factors, such as competition, regulation, customers and so on. Most of the risk mitigation on this 
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area can be prepared in the trial phases, but will mostly effect the commercialization phase. It is 

also mentioned by Gryglewicz and Hartman-Glaser (2014) that through managerial effort the 

market share or operational efficiency can be improved and thereby, the economic uncertainty will 

be impacted. However, this is hard to capture in a real option approach due to the moral hazard 

issues that arises, as managerial effort is hard to measure. 

It can therefore be discussed whether the volatility parameter used for valuations is an exogenous or 

endogenous measure due to the efforts that managers can exert. This is therefore a very different 

approach to look at volatility compared to traditional theories and the mindset with respect to 

volatility is therefore up for discussion. However, this research area is inadequately discussed by 

academics and further research is therefore needed, but it was found interesting to reflect upon if the 

volatility found might not be as certain as what the models describe. 

To sum up the discussion of the volatility parameter, there are, first of all, several different methods 

that can be applied to find an estimate for the expected volatility of the project. Sequentially, it can 

be discussed whether a historical or forward-looking measure is the correct approach, as there is 

certainly both advantages and disadvantages to both methods. Additionally, it should also be taken 

into consideration that management can exert effort to affect the uncertainty of the project and 

thereby whether the volatility should be considered exogenous or endogenous could be questioned. 

Nevertheless, there is no correct method for estimating the volatility measure, but there are certain 

tools to make sanity checks for the volatility chosen, such as finding the implied volatility given a 

specific project value. Conclusively, this discussion also made it clear that it has a great impact 

whether volatility is considered as one single measure or if it is separated into a technical and an 

economic uncertainty. As a manager it is therefore important to make this choice actively and be 

aware of the consequences for the project valuation. 

5.2 Cost of capital 

Another input variable that has proven to be of great importance throughout this thesis is the cost of 

capital. Hence, this section of the thesis will discuss some of the important things to consider 

regarding this input variable. In general, the cost of capital has been discussed greatly in academia 

because there are several methods to obtain the input. Especially for the cost of equity, there is little 

empirical proof that the methods are appropriate. The consensus in academia is that the CAPM is 

most widely acknowledged, which is why it has also been used in this thesis. One of the issues that 
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many academics see with the CAPM and other similar models is that historical data is used to 

describe the future, as was also the case with the volatility, which is often a poor assumption to 

make. 

In this thesis, the cost of capital observed was quite low compared to the expectations. The 

expectations were based on the discount rates that companies are often seen using, but also on what 

corporate finance literature often describes as normal. However, when put into perspective the value 

obtained can be defended, as the cost of capital should be seen from the investors’ perspective. 

Traditionally, the cost of capital is associated with the risk of a project and therefore measures the 

return required. This risk does not include idiosyncratic risk, as this can be diversified away by the 

individual investor and they should therefore not be rewarded for this. 

In the case of a project in the life sciences industry, it can be explained that since an investor can 

invest in a portfolio of different drug development projects, he should not be compensated for the 

risk of failure in the individual projects. This is because it is no longer a question of whether the 

projects get approved, but which specific project that will be approved. By investing in enough 

different projects, the investor will almost be certain that some project will get approved and 

thereby generate profit in the future. The returns of the profitable projects can of course be very 

high, as they need to cover the losses on the abandoned projects, but as the returns should be seen 

for the entire portfolio, the average return for the individual projects are not quite as high. Thereby, 

it is reflected that the cost of capital should be low in the industry, as the risk can easily be 

diversified away. 

Intuitively, it could be argued that the low cost of capital is also a result of a very defensive industry 

that operates in an environment with steady demand. This is due to the fact that no matter how the 

economic environment is performing, there will always be demand for pharmaceutical drugs that 

treat the diseases that people have. The big life science companies should therefore be affected by 

economic booms and recessions in a lower degree than industries that are very reliant on the 

economic climate. This is also seen by the beta estimate found for the pharmaceutical industry, 

which was lower than one, and thereby provides some evidence that the industry is less impacted by 

the greater economy. 

A primary reason for the low cost of capital observed in this thesis is, however, that a relatively low 

market premium was found. Normally a historic market premium of around 7% is applied within 
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corporate finance (Berk and DeMarzo, 2013), However, in this case it was found to be 5.69%. The 

specific reason for a low market premium can be difficult to point out, as there are many factors that 

influence the market premium, such as the time horizon in scope, the specific market chosen, or the 

risk-free rate applied. 

In this thesis, a further modification was made to the cost of capital, as it was decided to convert it 

to a project specific measure. This was done by unlevering the equity beta, and then using the 

approach by Bernardo and Chowdhry (2012) to unlever the asset beta for growth options. By doing 

this, it is assumed that the project does not contain the same future growth options as a company 

does, however, this assumption can be discussed. 

A drug development project will inherently contain certain possible future growth elements and the 

presence of these is therefore difficult to remove. In this specific case, it could for instance be 

argued that since the only market in question is the US market, there exists the possibility of 

expanding the product to new markets, such as Europe and Japan. Furthermore, it can be decided to 

see if the drug or the compound that you have developed is also effective against other diseases or 

maybe the company will go into a strategic alliance and start to look at combinations with other 

already existing drugs. It can therefore easily be argued that a project, similar to a company, will 

contain growth options that have to be taken into consideration. 

On the other hand, why should these growth options be reflected as a higher cost of capital rather 

than modeled by a suitable valuation model? An inherent growth option would increase the value of 

the project, as options by nature are not able to have negative values. However, by using a higher 

cost of capital you would decrease the value of the project in question. Therefore, it is believed in 

this thesis that a more appropriate and correct approach would be to unlever the cost of capital to 

suit a project and if any growth options are identified in connection with the specific project, they 

should be valued either in conjunction with the project or added on top of it through a separate 

valuation. 

Another aspect is provided by Welch and Levi (2013), who argue that both the arithmetic and 

geometric mean of the equity premiums are considerably lower than what is commonly used and 

actually also lower than what was found in this thesis. If their finding is actually reflecting the true 

cost of capital it will mean that many projects has been undervalued and thereby resulted in 

underinvestment from the companies’ side. 
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The discussion regarding the estimation of the cost of capital can be compared to the one for the 

volatility, as both measures are quite important for any valuation. However, both measures are quite 

hard to estimate correctly. A main difference between the two topics is that for the cost of capital 

there is, however, consensus that the model that should be used is the CAPM. For the volatility 

there is no such model and it is mostly estimated using historical price information extracted from 

the stock markets. 

5.3 Assumptions 

Exclusion of early phases 

One of the early decisions taken in this thesis was to exclude the very early project phases of the 

drug development project. This of course limits some of the findings provided by this thesis. In the 

case that a specific case from a company has to be analyzed it is obviously relevant to include all 

available information. The data for these phases could have been included but would in this case 

have been estimated using the work of other academics and the data that they have obtained through 

anonymous collaboration with companies in their research papers. However, in the early phases 

there are so many different compounds that to exactly point out which one turns into a more 

developed project is impossible. To spend the time and effort to value all of them is therefore also 

pointless. More advanced evaluation is therefore more relevant and applicable as the project 

matures and the effects are more known. 

By using the first clinical phase as a starting point, it is obviously not able to show the initial value 

of a R&D project, as the cost that has already occurred are considered sunk and are thereby not part 

of the valuation. This is aligned with standard economic and financial theory, where it is only the 

future cash flows that matter. 

The major costs related to R&D projects are also first incurred in the clinical phases, where the drug 

is tested on humans. Therefore, it is considered more important to include these phases rather than 

the very early phases in order to provide a value on the drug. Furthermore, there is still a great 

amount of uncertainty in the project, as there are still many approvals required before the drug can 

be commercialized and generate profits. It is thereby still showing a staged development process, 

which is a feature of the drug development process and also one of the main focus areas for this 

thesis, as this process is quite interesting to evaluate because it has such unique characteristics. 
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Financial versus real options 

Throughout this thesis it has been mentioned several times that there exists differences between the 

characteristics of financial and real options. Even though there are many differences the models 

used for calculating the value for the two types are the same, and implicitly the underlying 

assumptions are therefore assumed to be the same as well. In this section, we will try to collect and 

discuss some of the findings throughout the thesis that was made regarding the differences between 

financial and real options. As noted throughout the thesis, many of these assumptions for financial 

options are not very realistic for real options, as there are critical differences. 

One of the fundamental differences that exist between the nature of financial and real options is the 

type of underlying asset. For financial options it is usually a stock or commodity, which is already 

traded in the market and therefore a market price can be observed. On the other hand, real options 

are all about business decisions and strategy. Examples of this could be product development, such 

as in this thesis, expansion to new markets, getting out of unprofitable contracts and so on. 

Common to these are that they are not traded per se and therefore, it is more difficult to decide 

whether to exercise or not compared to financial options, where you know the specific exercise and 

market price at the time of maturity and it becomes a simple decision; exercise when there is a 

positive payoff and let the option expire if there is not. The business decisions as such do not have 

an observed market price and therefore the decision becomes trickier. Most times the managers 

know what the exercise price is (or at least have some estimates or budgets) that they can use to 

base their decision on. However, the business environment is dynamic and therefore the context can 

change rapidly. This is also why so much effort has been put into academic literature, in order to 

shed light on how to model and value these business opportunities most correct and make decisions 

easier for managers. 

Since the option valuation models are based on the characteristics of the financial options it is 

important to consider that it can have consequences on the results. A central assumption in the 

Black-Scholes and compound option models is regarding the geometric Brownian motion, which 

refers to development of the price of the underlying asset through time. This is also an area of 

increasing focus in the academic literature as pointed out by Andergassen and Sereno (2011). They 

describe that many of the academics are starting to investigate the use of both diffusion and jump-

processes within the models. These different paths are believed to be more appropriate, as it is 
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argued that they are better at reflecting the true evolution of the price, as new information is 

obtained. 

The diffusion process, which is the same as the geometric Brownian motion inherent in the Black-

Scholes and compound models, is a continuous process, where small and continuous increments to 

the price is observed. However, many times there will be released new information regarding the 

project at random times, which will cause a fluctuation in the price. Assuming that the market is 

efficient, it will incorporate this information correctly in the value. Many times this is done through 

modeling a jump process into the model; however, the assumption here is that the jumps occur 

randomly through time. In the specific case of a drug development process, there is also an element 

of systematic behavior to some of these jumps, which occurs at the end of each development phase, 

where the governmental authorities have to either approve or reject the drug for further 

development. The timing of these decisions is thereby easier to foresee and therefore a special 

consideration can be made to them, when modeling this in the valuation. This was also the approach 

taken in the extended 4-fold compound option model of this thesis, where a discrete probability was 

used for each given development phase. But by modeling it in this way it misses the opportunity of 

sudden jumps in the middle of the development phases, which could happen if a project is suddenly 

dropped due to unforeseen circumstances or sudden changes happen to the competitive 

environment, such as the announcement of a competing drug or changes to government subsidies. 

Additionally, it is often seen for illiquid stocks that they behave more in a jump-fashioned way 

rather than a continuous development with small increments. This is probably comparable to the 

real options, as they are not expected to be considered very liquid assets, should they be traded in a 

market. If the real options were to be traded on the market, it would probably be a niche and 

therefore not traded by a broad group of investors, but rather a small group of experts or specialists, 

which thereby reduce the liquidity. However, it is probably very unlikely to see business 

opportunities being traded on an open market, but trade with business opportunities is still 

happening through M&A and the like. 

This element regarding the evolution of the price of the underlying through time is believed to be 

important and very interesting to look further into, as it can have an impact on the preciseness of the 

valuation. Different effects are also observed by academics when investigating this area, which can 

be seen for example from Pennings and Sereno (2011), where it adds value to the project when the 

process is modeled as a jump-diffusion process rather than a standard diffusion process. However, 
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further investigation is seen to be outside the scope of this thesis, as it is mainly focused on the 

modeling of the staged investment process. 

Furthermore, the assumptions regarding financial options is also based on the fact that the 

underlying asset is being traded on the market, which itself is assumed to be efficient. It is 

acknowledged that these assumptions are not a perfect fit to real options, but it has also been 

mentioned in the literature review that these assumptions can be relaxed (Merton, 1973; 1976), at 

least for financial options. It is therefore obviously important to look into how these assumptions 

affect the valuation of real options as well, as there is no specific market for business decision, it is 

not possible to trade fractions of business decisions, and short sales of business decisions is also not 

possible. Exactly how this affects the valuation is difficult to tell, but in this thesis it has merely 

been assumed that since the assumptions can be relaxed for financial options it is also applicable for 

real options. Further research regarding this topic is therefore suggested to see how the assumptions 

built into the Black-Scholes formula affects the valuation of real options. 

It has now been discussed that there are differences between financial and real options and how 

some of the assumptions in the Black-Scholes formula do not perfectly fit the case of real options, 

This leads to the question of whether the log-normal return distributions are the correct to apply in 

the valuation of drug development projects. This will therefore be discussed in the following 

section. 

Return distribution functions  

A central assumption in most option valuation models is around log-normal return distribution. It 

originates from the Black-Scholes model and thereby, it is also covered by the compound option 

models, since they are based on the same formula. However, they use a multivariate distribution 

instead. The Black-Scholes model has often been criticized for the use of a log-normal distribution 

function, as the return of financial assets normally do not have this property. 

This is probably even less so the case for R&D projects, which have a large possibility of negative 

returns. In this thesis, it was specified that only 15.3% of all drug development projects made it to 

commercialization from entering the clinical trials. Taking the initial drug discovery and pre-

clinical phases into account as well this measure gets even lower. With this in mind it will only be 

the projects that make it to the commercial phase that are able to generate profits and thereby have a 

most likely positive return. The economic potential also has to be taken into account, since the 
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15.3% is only concerning the projects that are approved by the relevant authorities. The companies’ 

requirement for profitability will also factor in and can make the companies decide to not launch 

certain projects, even though they have been approved. Thereby, the potential revenues generated 

from launching to the market should contain a big margin in order to cover the expenses incurred 

earlier and provide profitability for the company. The amount of projects that are profitable is 

therefore quite low. 

In the Black-Scholes model, however, assuming log-normal distributed returns implies that 50% of 

all outcomes have positive returns and 50% is below zero. There is therefore a substantial 

difference in the assumption of the Black-Scholes formula and what is observed for drug 

development projects. For financial assets this assumption might be a bit closer to reality, however, 

in the specific case of this thesis it is probably quite off. 

The only option model applied in this thesis, which does not depend on a log-normal return 

distribution, is the binomial model that uses a risk-neutral argument to estimate its own specific 

distribution function. This was seen in figure 8 in the analysis, where many of the project scenarios 

showed negative returns and the distribution was therefore no longer normally distributed. 

However, the risk-neutral approach also has its limitations in connection with this specific topic, as 

it relies on constructing a risk-free portfolio through the use of hedging. In a real option setting, 

such as drug development projects, it is quite difficult, and probably almost impossible, to hedge 

your exposure in the project. If this exposure cannot be hedged you are not able to construct the 

risk-free replicating portfolio and thereby, the risk-neutral argument is no longer applicable due to 

the fact that it is no longer a risk-free position but actually a risky position. 

Both methods are therefore probably not perfectly imitating the return distributions that are actually 

observed for these types of project and they will therefore each provide the value estimates with a 

bias. The discussion around what the correct return distribution is, can be discussed to a great extent 

and is probably also viable as a research area on its own. This section has only briefly touched upon 

the concerns with regards to the assumptions inherent in the option valuation models, mainly as it is 

believed that focus on other issues more specific to R&D project valuation should be discussed 

rather than a more classical element such as this. 

To improve this aspect of the valuation models, it would most likely require simulations of possible 

project paths and determine the return distribution based on these scenarios. This requires plenty of 
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computing power and advanced software, and furthermore the option valuation models should of 

course also be modified, such that they take the special distribution into account and use these as an 

input. 

To quickly summarize, it is therefore evident that there are issues with the return distribution 

assumptions in the various option models; however, this is a classical issue that more or less exists 

in all option pricing scenarios and a focus area for many academics. Therefore, we have only 

quickly discussed and acknowledged this issue and the resulting consequences of this assumption, 

and focused more time and energy into more special considerations and elements related 

specifically to the topic of this thesis. 

5.4 The optimal model 

This thesis has analyzed and discussed various models that can be used to value drug development 

projects. This ranges from the traditional DCF approach to more advanced models, such as the 

compound option models. In this section, we will discuss some of the positive and negative features 

of the different models and try to describe what an optimal model would look like. 

As described throughout this thesis, the drug development projects have certain option-like features 

and these should of course be taken into account by the model used to value the process. These 

business decisions are of critical importance to the project, as you can avoid massive investments in 

case you get negative information regarding the project. Furthermore, in case the information 

received is highly positive you can also choose to increase the scale of your project, such that it can 

be faster developed and thereby reach the market at an earlier point in time. It therefore provides 

great flexibility to the management, as they are able to adjust their actions to such uncertain events. 

While it is believed that option-like features should be incorporated into the valuation model, it is 

also important to consider how to implement the option to match the specific nature of the 

individual projects. Even though it is important to model the project in a way that reflects the real 

nature of the project, it should also be kept in mind that the results should be easy to explain to 

management and possibly a board of directors. These may not possess a high level of financial 

knowledge, which can be required for the models applied in this thesis.  This concern might also be 

a cause to the primary use of simpler models in practice (Hartmann and Hassan, 2006), rather than 

choosing a more cutting-edge model that might be better at valuing more complex project 

structures. 
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Based on the findings in this thesis, the optimal model to value drug development projects should 

therefore of course include an option element. This should be able to capture the managerial 

flexibility that arises from getting new information regarding your product in development. As 

illustrated throughout this thesis, there are several option models to choose from, and even more 

different ways to structure and apply these models to your project. The purpose of adding an option 

element should be to capture the uncertainty regarding the potential future cash flows, as they are 

not known in advance. Therefore, it should reflect the fact that several different scenarios can be the 

outcome of the drug development project. This is for instance seen in the binomial model and also 

the Black-Scholes formula, where the cash flows are considered uncertain and therefore variable 

dependent on the volatility. The binomial model does this in a much more explicit and visual way 

compared to the Black-Scholes, which uses mathematical processes to determine the development 

in the formula. 

Another characteristic of the drug development process that the model should take into account is 

the staged development or sequential nature of the project. This is also what the compound option 

models are trying to incorporate. Furthermore, the sequential nature also implies that there should 

be several options considered, where each represent a decision point. A model which is able to take 

into account the correlation between these points in time is also highly preferred, as it is believed 

that one decision is dependent on the prior decisions. Furthermore, the process should also take 

previous information into account, as would be done in a real life setting. Therefore, it is also easily 

deduced that the single Black-Scholes model is not very appropriate for valuing the type of projects 

that are investigated in this thesis. This is due to the fact that it does not consider the sequential 

nature of the process and therefore it gives a very doubtful result compared to what is intuitively 

expected. The sequential Black-Scholes tries to correct for this flaw, however, there is no 

correlation between the decisions points built into the model, and hence, it is still missing an 

element. The correlation is quite important, as you would normally base your decision on all the 

information acquired earlier in the process and the decisions are therefore also considered to be 

correlated. The inclusion of multiple decision points and the correlation between these comes at a 

price. When implementing a multivariate probability distribution function instead of the standard 

normal distribution function, the intuitional interpretation of the formula gets significantly more 

difficult. There is therefore a trade-off between what is believed to be a more correct approach, and 

how difficult it is to understand the model. 
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The evolutionary process in the underlying asset is also good to consider, when building a suitable 

model. As discussed earlier there is a lot of research being done presently in this field and therefore 

it can be expected that more specific results are obtained in these articles rather than in this thesis. 

Based on the models applied in this thesis, however, it is suggested to use separate processes to 

describe the development. A main input for these elements is the volatility measure. 

By separating the evolutionary process to address the economic and technical uncertainty 

individually, more precise estimates of the relevant input variables can also be made. In this thesis, 

it was done through a standard diffusion process and a discrete probability factor, which addressed 

the economic and technical risk, respectively. For the traditional Black-Scholes formula only a 

standard diffusion process is used to estimate the total volatility of the project, and the development 

in the underlying asset therefore follows the properties of such a process. However, due to the 

staged development, it is believed that adding a discrete probability factor is more precise and adds 

accuracy to a good valuation model. This of course also has an indirect impact on the volatility 

measure, as it should reflect the right uncertainty given the model. When introducing the discrete 

probabilities into the model it should no longer be contained in the volatility, and hence, it should 

only show the residual uncertainty. The discrete probabilities will contain the technical risk of the 

project. Therefore, changing the evolutionary process also requires that the definition of the 

volatility is changed accordingly, to match the assumptions inherent in the specific mathematical 

process chosen. 

Furthermore, it is expected that the model could also benefit from using a jump-process; however, 

this thesis provides no evidence in this regard. The jump-process can take into account unexpected 

events that have a drastic impact on the project value. This would again require that the volatility 

gets adjusted in such a way that it only takes into consideration the correct amount of uncertainty, 

as some of it would now also be captured in the jump-process. 

A final aspect that also needs consideration when constructing an optimal model is the return 

distribution. In the closed-form option models used in this thesis, it is by assumption a log-normal 

return distribution. The binomial model estimates its own specific distribution based on the risk-

neutral probabilities. However, in an optimal world the return distribution should of course match 

the expectations regarding the drug development project. As discussed earlier, this distribution is 

probably not similar to the normal distribution, as a larger proportion of projects are believed to be 

unprofitable. Therefore, it is worth considering whether a model assuming log-normal distributed 
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returns can efficiently value the project. As it has been outside the scope of this thesis, it is quite 

difficult to tell what exact effect changing the return distribution would have on the valuation. 

However, as it is expected that research projects are distributed heavily to the unprofitable side, it 

would probably decrease the estimated value. This decrease in value should not be considered a 

negative addition to the model, but more as a correction of an unrealistic assumption and thereby 

provide a more realistic value for the project that therefore provides management with a better 

foundation to make decisions. 

Adding all these perspectives up, it is evident that the solution results in a rather complex model. 

Many of these concerns are captured by the extended compound option model, however, it is 

doubted that this model is good at facilitating a decision-making process with senior management 

of a company, due to its complexity. Instead it might be more appropriate to apply several models 

that are able to shed light on different areas of interest. This does not suggest excluding the 

extended compound option model entirely, as it still adds a certain aspect to the problem at hand. 

However, by approaching the problem using independent models it can support the overall 

conclusion. Especially the binomial model has some good aspects attached to it as it is very easy to 

explain the underlying process through the binomial trees and shows what decisions to make at 

every given node. Furthermore, it is able to capture the staged development process and takes the 

discrete success probabilities into account. The extra effects that are captured by the extended 

compound option model are the aspect of continuous time and multi-variate distribution functions 

with correlation. The standard Black-Scholes formula is on the other hand believed to have very 

little accuracy and explanatory power of the valuation. The reason for this is found in the lack of 

many aspects important to the drug development process. 

By definition the compound option models are able to capture the same features as the Black-

Scholes model, but also include some additional factors that differentiate staged development 

projects from standard financial options. The standard compound option model is also considered to 

be very unrealistic, as it is believed that it is not very good at capturing the sudden events that 

happen throughout the development process; more specifically the approvals or failures at the end 

of each development phase, as well as sudden jumps due to unexpected events. The extended 

compound option model is not modeling the unexpected events either; however, it does at least 

capture the probability of approval at every development phase through the discrete success 

probabilities. These development gates are considered to be much more important, as they are first 
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of all certain to occur, and secondly, it was shown in this thesis that by adding these to the valuation 

a huge part of the project value is removed. 

As is obvious from this section of the thesis, it is of great importance that the models are easy to 

interpret and understand such that they can be used for managerial decision-making.  In the next 

section it will therefore be discussed what implications the results obtained in this thesis has for the 

decision-making process in the companies, and whether the managers might have an influence on 

the specific valuation model chosen, based on for example levels of complexity. 

5.5 Managerial impact 

Throughout this thesis, a very theoretical approach has been applied and much of the discussion has 

been centered around the theoretical merit of the models in use. However, are these models able to 

support the important decisions that managers have to make regarding drug development projects? 

And to what degree are such models even used, when the end-state is so uncertain that the models 

might not be trustworthy? These are some of the main aspects that will be discussed in this section. 

As mentioned in the literature review, Hartmann and Hassan (2006) found that most pharmaceutical 

companies use the DCF model when valuing early stages of drug development projects, while only 

a fraction of them used option models, and out of these, most used either the Black-Scholes or the 

binomial model. This implies that a very limited amount of companies in the pharmaceutical 

industry used more advanced real option approaches; in fact, the approach suggested by Geske 

(1979) was almost not used. Although the Hartmann and Hassan (2006) paper was written in 2006, 

it is believed that their findings still apply to some degree, especially because it is supported by later 

papers such as Block (2007) and Baker et al. (2011). However, since it is some years ago there 

might have been further developments in the internal processes of the companies. There seem to be 

a common trend of using the more simple models and based on Baker et al. (2011) it still seems to 

be true in companies today. 

Based on the findings from earlier papers it can be discussed whether some of the models used in 

this thesis would be applied in practice. Even though theory might prescribe what the appropriate 

model to use for valuation is, it is still important to consider what is actually likely that practitioners 

will use in the pharmaceutical companies. It is evident from the models applied in this thesis that 

most of them add specific valuable elements to the valuation process. However, a manager would 

assess the models based on pros and cons and will thereby choose what model to apply based on the 
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additional preciseness, as well as support to decision makers, compared to the extra effort and 

complexity that is required (Baker et al., 2011). 

Therefore, it has been considered which models applied in this thesis that internal analysts in the 

pharmaceutical companies will use. It is believed that some of the more complex models, such as 

the compound option models, would probably be disregarded, as they add more complexity than 

advantage to the valuation process. This is mostly due to the fact that they provide little intuitive 

meaning and require a high level of mathematical understanding. However, it was found that a 

model such as the binomial model provides a lot of insight into the project. Furthermore, many of 

the important elements, such as probabilities of success can easily be incorporated into the model. 

Therefore, the relatively simple model is able to capture many of the characteristics that make the 

drug development process hard to value. 

Based on the finding by Hartmann and Hassan (2006) regarding the relatively frequent use of the 

Black-Scholes model, it was decided to test in this thesis how the Black-Scholes model would 

perform as a valuation tool for the drug development process. This is also interesting to test, as it 

was expected that it is not able to capture many of the features of the drug development process. In 

the analysis of the Black-Scholes model, two different methods were therefore applied to reflect 

how it is expected that the model could be applied in practice. It was found that both of these 

models returned rather obscure values that are not believed to be reflective of the actual value of the 

drug development project. This leads to the question of why this method is still applied in practice. 

First of all, it is very easy to apply and therefore it does not take up that many resources. One could 

imagine that a lot of work goes into forecasting and modeling the future cash flows for the DCF 

model and after this work has been done, it is acknowledged that the project also contain some 

additional value derived from the uncertainty. Therefore, it may be chosen that this should be 

valued through an option model. In a case like this, it could thereby be expected that many choose a 

simple model, just to be certain that there is some option value included in the final valuation. 

Baker et al. (2011) also finds that managers to some degree explain that they use real options as 

complements to traditional techniques as well as a tool to deal with uncertainties. Secondly, it is 

well-known and very acknowledged for financial options and therefore many might believe that this 

also applies for real options. This gives the model some kind of credibility, such that people believe 

that it provides good measures. Furthermore, some managers might be searching for a model that 

provides a high project value rather than a precise model and since the Black-Scholes model can 
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provide this in an easy way, the model might be preferred to other less applicable models. There is 

therefore also an element of agency theory, where managers wish to make sure that their project is 

perceived as profitable and the investors would rather prefer a trustworthy estimate, so they know 

how their capital is allocated. 

The capital allocation process in life science companies is very reliant on a trustworthy valuation 

model. This is the process where managers make decisions regarding which projects to invest in. It 

is therefore very important that the information that forms the foundation of the decision-making is 

of high quality. A more advanced valuation model should therefore also improve this foundation. 

Hartmann and Hassan (2006) pointed out that especially for pharmaceutical companies this process 

is believed to be extremely complicated. This is partially due to the fact that an efficient capital 

allocation process is hard to perform if the data obtained on the various projects in the pipeline is 

not accurate. In that case, it is difficult to decide which projects are believed to be valuable in the 

future and which might be unprofitable. This aspect of the discussion is mostly relevant to capital 

constrained companies, but it is also applicable in the rare case that a company is not capital 

constrained in which case they should still not, according to finance theory, invest in an 

unprofitable project. 

As just mentioned, finance theory suggests that a company should never invest in a project that has 

a negative NPV. Sometimes companies might consider the societal value of their project as well. 

Even though we have no empirical evidence on this, some companies may choose projects that 

could turn out unprofitable if they can benefit the society. On the other hand, practitioners in the 

pharmaceutical industry are also business people, so it could also be the case that they proceed only 

with profitable projects regardless what the benefit is to society. The benefit for society should of 

course be very great, for a company to disregard their own profits. A main factor influencing this 

choice could be the ownership of the individual company. If the company is owned by large funds 

or have state ownership the purpose of the company might be influenced by this. Especially for 

state ownership, it could be reasonable to assume that the society benefit will be weighted highly in 

such decisions, while public companies have to satisfy their shareholders and will thereby probably 

prioritize profits to a higher degree. 

Throughout the analysis and discussion in this thesis, it has become evident that even though an 

appropriate model has been chosen to evaluate the drug development process, there is so much 

uncertainty and it is hard to predict the future for the individual project. Therefore, it can be 
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questioned whether the results companies obtain from a project valuation are actually used as a 

foundation for the decision-making process, or if they are rather used as a benchmark to indicate 

whether it will be profitable or unprofitable. Furthermore, if the use of the DCF model is as 

common as implied in literature, it is hard to believe that many decisions have been based on the 

NPV, as this would probably be negative in many drug development projects. 

The issue of how and when the different valuation models are used could be an interesting subject 

for further research, as it could also update some of the results found by Hartmann and Hassan 

(2006), Block (2007), and Baker et al. (2011). This research could be based on questionnaires, 

where managers should answer which models they use and for what purposes. Such a paper could 

add some knowledge about how the theoretical and practical landscapes differ and also shed further 

light on the development in the use of option models in a field, where researchers have for long 

believed that option models should be used due to the nature of the projects. 

To sum up, it is believed that managers have a great influence on what models are chosen to use in 

practice, as they want models that are as precise as possible without getting too complex to 

understand and explain to others. Furthermore, it was discussed that managers and investors can 

have different motives for requiring a specific model to be used. The Black-Scholes model is one of 

the most used option models, but based on the research conducted in this thesis it holds very little 

credibility in its valuation of a drug development project. On the other hand, the binomial model 

was also one of the options models used the most and it is a model, which holds both theoretical 

and practical applicability for drug development projects. In the end, it is also important to notice 

that one of the main reasons that the valuation of the drug development process is important is to 

decide on capital allocation. In this regard, it is also questionable whether the results obtained from 

valuation of drug development projects are a precise enough foundation to base decisions on or if it 

is more of a benchmark. 

5.6 Summary of the discussion 

In order to summarize and make sure that the most important topics have been pointed out, we will 

briefly review the most important aspects covered in the discussion. In the first part of the 

discussion the volatility and the general concerns about the estimation of this measure was 

presented. In this section, there were especially three topics that were found to be central to this 

thesis. First, it was mentioned that it is important to consider whether to look at historical or 
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forward-looking data. The point in this discussion is that historical data is rarely an appropriate 

source to describe future events and therefore a thorough consideration should be made when 

choosing the data to use for the volatility. In many cases, it is hard to avoid using historical data and 

therefore it was also suggested to use an implied volatility measure to understand what level of 

volatility is implied at given price levels. Thereby, a better understanding of the role of the volatility 

can be achieved. The second aspect discussed, was that it is believed that it makes sense to split the 

volatility up into a measure for economical volatility and a measure of the probability of approval. 

This is due to the fact that volatility creates value, while the probabilities take away some value. 

Therefore, when changing the definitions of the measures, it also becomes important to make sure 

they are estimated accordingly. At last, it is important to know that risk in general should not be 

considered as something that is given, but it is rather, to some degree, something that managers can 

mitigate. 

Another important input for the models in this thesis was the cost of capital and similarly to the 

volatility this is also an estimate that is hard to estimate correctly. Therefore, the discussion was 

mainly centered around whether an appropriate rate was found, since it was somewhat lower than 

usually seen in theory. Based on this discussion, it was found that it makes sense that it is lower. 

Furthermore, the models that can be used for the estimation of the cost of capital do not have high 

empirical value, but it was chosen because it is generally accepted that it is the best model. 

The early phases of a project were also briefly discussed, as it was chosen early on in the thesis that 

they should be left out of the valuation. This was primarily due to the fact that at this point in time 

the project is very immature and it is difficult to forecast its development. Secondly, most of the 

investments are carried out once the project reaches clinical trials and therefore, it was found to be 

more important to implement this in the valuation model. 

The differences between financial and real options were discussed, as they could have an impact on 

the valuation, as the models were originally developed for financial options. Some of the central 

concerns to this aspect were regarding the fact that business decisions are not traded, the 

evolutionary path of the underlying asset price and the return distributions of the underlying asset. It 

was therefore suggested that these areas should be further investigated in order to shed light upon 

their impact for the valuation. 
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In the final sections of the discussion, the optimal model, as well as its impact for management, was 

discussed. The discussions were mainly regarding the trade-off between academic correctness and 

practical complexity. Furthermore, most models had their own positive elements and one 

suggestion made was to apply several models in order to get the different perspectives required, 

while still keeping some of the simplicity. In connection with the managerial impact, it was 

mentioned that it has to be kept in mind that managers might have different incentives and motives 

than investors when selecting the model to apply. Nevertheless, the valuation models investigated in 

this thesis were seen as an important tool for management in the capital allocation process. 

Thereby, the elements and perspectives seen as most important and interesting to this thesis have 

been discussed in order to point out certain areas of critique, suggestions for further research, as 

well as reflections of the models’ value-adding abilities in a business environment. 
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6 Conclusion 

This thesis has sought to investigate and evaluate several different valuation models applicable to 

pharmaceutical projects, in order to understand whether more advanced models can add new 

perspectives to the value estimated by more traditional approaches. In order to provide a holistic 

understanding of why certain models could be better at estimating the value of the project, this 

thesis first described the life sciences industry and the dynamics inherent in it, as well as the process 

for R&D projects. Here it was found that unique characteristics, such as patents and heavy 

regulation could influence the companies profoundly. Furthermore, the costly R&D process is a 

very rigorous and regulated process that requires approval from several development phases from 

the FDA before a potential drug can be commercialized. 

Secondly, a lot of the theoretical papers surrounding this area were reviewed, in order to shed light 

on some of the prior perspectives that has been put towards the topic of valuation of projects. A lot 

of the emphasis was on literature regarding real options, as many academics believe that this 

approach provides a more accurate value on business opportunities. Traditional methods such as the 

DCF, binomial and Black-Scholes was selected for further application, as these models were the 

most commonly used by practitioners and has also been frequently discussed by academics. In 

addition to these models, the theory of compound options was found to be particularly interesting 

and considered to be very suitable to apply in connection with staged investment processes, such as 

the drug development process. Many extensions to the compound option model exist, however, due 

to the constraints of the thesis it was chosen to focus only on n-fold compound options and the 

extension including discrete probability factors to reflect the development stages of the process. 

Third, the methodologies of the chosen models were explained, such that the models and their 

individual characteristics were well understood before they were applied to the constructed base 

case scenario. The base case scenario was determined based on the input variables, which were 

estimated in the section after the methodology. The main variables estimated were the volatility, 

cost of capital and the expected cash flows, as several methods to estimate these can be used and 

they have been discussed broadly in academia regarding estimation approaches and model 

sensitivity. 

Afterwards, the chosen models were applied and the results were analyzed. In this analysis it was 

found that most of the value inherent in a drug development project is due to the option value. This 
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was confirmed by the negative DCF valuation and positive option approaches. The values provided 

by the Black-Scholes models, as well as the first compound option model, gave some extremely 

positive values, which is believed to be due to the fact that they are not including an explicit factor 

for the probability that drug projects may be rejected during the development phases. The binomial 

model and the extended compound option model, which use the probabilities directly in their 

models are estimating the project at a significantly lower value, but nevertheless, still positive. This 

value is in our opinion more correct, as they are able to incorporate more important factors into 

their valuation. Especially the explicit probability factor is deemed important, as much of the value 

can be destroyed by a failure in a given phase. Therefore, these approaches should be preferred. 

A sensitivity analysis was conducted to shed light on how the different models reacted to changes in 

some of the input variables. All of the input estimates were quite important, as the final valuation 

was impacted heavily by changes to the variables. An important observation for the changes in 

volatility is that if the models incorporate the probability factor explicitly, the project value 

responds more drastically to changes to the volatility estimate. Regarding the cost of capital the 

models are reacting similarly to changes, however, some models are impacted more than others, as 

it might come down to how affected they are from the value of the underlying asset, as this has a 

direct negative affect from the cost of capital. The relationship between the cash flows and the 

project value is opposite of what was seen with the cost of capital, and again the models reacted 

similarly, however to different degrees. 

The final section of the thesis discussed important and interesting concerns and perspectives that 

were found throughout the process. Concerns were raised regarding measuring the volatility of the 

project. Several methods can be used, however, whether the correct volatility is applied is difficult 

to confirm. Additionally, different definitions regarding the volatility is implied by the different 

models, hence, it is also important to make sure that the chosen volatility matches the definition of 

the given approach. Therefore, it was found that a way to put the chosen volatility into perspective 

is by considering the implied volatility given a certain value that management believe to be 

appropriate. Furthermore, it can generally be found that many input variables are based on historic 

data and are thereby backward-looking, whereas the suggested approach should be to use forward-

looking measures. 

The optimal model suggested by this thesis should consider elements, such as staged investment 

processes, probabilities for technical success, correlation between decision points, high level of 
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intuition, and be easy to interpret. However, as it is believed that some of these elements are 

mutually exclusive, it is suggested instead to apply several models and use their individual strengths 

to shed light on certain aspects of the project and how it impacts the valuation. 

Additionally, the managerial incentives and consequences thereof, as well as how these models can 

bring value to the decision process was discussed and reflected upon. Prior studies showed that only 

a small fraction were using real option approaches and it could therefore add value if the 

development can be analyzed and thereby confirmed if companies were ready to use more advanced 

models, such as the compound option model. Also a relationship important to managers is the trade-

off between complexity and accuracy of the models, and it is believed to be a critical factor when 

choosing a model to apply. 

Thereby, it is concluded that more advanced option valuation models are able to capture more 

information and thereby give a more correct picture of the value than the DCF model. However, 

several considerations have to be made when applying these advanced models, as their practical 

applicability and ease of interpretation makes it very difficult to use in practice and defend their 

numerical results. The best result may come from applying several models to utilize their respective 

strengths and analyze different perspectives, while still being able to explain the results to decision-

makers.  
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8 Appendices 

Appendix 1 – The discounted cash flow model 

 



Page 126 of 134 

 

 



Page 127 of 134 

 

 



Page 128 of 134 

 

Appendix 2 – The binomial model 
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Appendix 3 – The single Black-Scholes model 

 

Appendix 4 – The sequential Black-Scholes model 

 

  



Page 131 of 134 

 

Appendix 5 – The 4-fold compound option model 
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Appendix 6 – The 4-fold compound option model w. explicit probability factors 
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