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1.  Introduction

1.1 Motivation for This Study

Valuation of businesses, companies and individual projects has always been a crucial

issue in finance. Even though not many introductions are needed for justifying the

importance of valuation of businesses, the question occasionally arises whether we know

enough about valuation and if the current techniques are adequate in the chancing world.

This is the case especially in situations where traditional measures are not any longer able

to identify future survivals, as intangible assets play an important role and companies

may not have products in the market and little if any positive cash flow for years to

come.

I argue that much of the turbulence we have seen in the stock markets around the globe

during the last few years is actually a result of the fact that nobody knows what is the

real value of the new economy. Much of the attention during these years has been paid to

high tech areas like information technology, telecommunications, etc. Now, as the IT-

bubble has started to burst, investors are speculating what will be the engine of the

growth in the 21st century. –Biotechnology is often mentioned here.

There is no doubt that the field of biotechnology is growing and getting considerably

more importance in the future (e.g. Oliver 2000). However, biotechnology is still i n

many ways a new and very fragmented area with many special features. Additionally, the

awareness of the field does not seem to be so good, as it is often hard to understand the

underlying factors and technical features of a specific venture. Also, the literature

especially from the valuation perspective is very rare, which makes this kind of study

very demanding, but at the same time very interesting.
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However, I argue that it is crucial in case of any valuation to understand the underlying

industry. This fact may become even more important when traditional financial measures

do not work. As it is put by Shevlin (1996), this necessitates an analysis of a specific

industry to determine what non-financial information is likely to be informative to

market participants. It is also necessary to construct a more general framework for

biotechnology firm valuation. We cannot expect that all the investors and other interest

groups were able to understand the business in depth. This is the fundamental motive

behind this thesis.

This study introduces the field of biotechnology, especially from the financial

perspective. In addition to the general discussion, several valuation methods based on the

current literature are introduced and analyzed. These include decision trees, discrete

binomial lattices and continuous models. However, the main focus of this paper will be

on the empirical study of key value drivers in biotechnology. About 100 listed US –based

biotech firms are studied and several areas are addressed. A new measure of pipeline

balance is created in the study and will be tested in the empirical analysis. Additionally,

company’s sector focus, collaboration and some financial variables are included into the

analysis. Also, interesting descriptive statistics about these firms will be provided.

I try to explain a biotech company’s valuation (measured as a natural logarithm of

market value and book-to-market-ratio) by some traditional control variables as well as

by several biotech variables. The results show that traditional measures are not very good

predictors of biotech firm valuation (except a measure of total assets). However, some

proposed biotech variables are supported by the analysis. Especially the measures

concentrating on the pipeline balance concept get strong support in the analysis.

1.2 Main Objectives of This Study

Two very complex but important fields of science are brought together in this study:

valuation and biotechnology. Instead of trying to answer to one specific problem, this

study is rather aimed at providing information and tools for anyone interested in
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biotechnology from the economic or financial perspective. That might be a venture

capitalist trying to value a start-up as well as a stock analyst or a financial analyst that

follows listed biotech companies. The discussion here should be beneficial for executive

managers in biotechnology firms and help them to make better decisions to maximize

shareholder value. This thesis also hopefully provides a ground for further studies among

academics.

The main objectives of the study are stated below:

1.  The first objective is to explain biotechnology and provide the understanding of the

dynamics of the industry, because the field of biotechnology is relatively new and

unknown for most of the business-oriented people,

 

2.  The second objective is to identify and analyze current approaches for biotechnology

firm valuation and summarize the current state of the research.

 

3.  Based on the discussion in the previous sections, the third objective is to construct a

framework for biotech R&D project valuation that 1) appropriately takes into account

the key features of biotechnology and 2) is useful in practice.

 

4.  The fourth objective is to discuss about and identify some key value drivers in

biotechnology and to form hypothesis around them. Of special interest will be a

balanced pipeline concept and new measures for that.

5.  The fifth objective is to validate the discussion above by testing these value driver

hypotheses empirically with a real li fe sample.

The following figure 1 shows the overall structure, methodologies used and the main

output of each section. Note that the main purpose of section 1 is to provide knowledge

of the industry that will be utili zed in sections 2 and 3. (That is ill ustrated by the arrows

on the left in the figure 1.)
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Figure 1. The Structure of This Thesis, Methodologies and Outputs

1.3 The Structure of the Study

This thesis is structured in the following way. First, in section 2, biotechnology industry

is introduced; some interesting aspects around history, current state and industry

dynamics are brought into the daylight. Especially key success factors and a new drug

development process are discussed in chapters 2.4 and 2.5 respectively. However, the

discussion will be limited mainly to the extend that can be expected to be reasonable in

the light of further sections, especially empirical part.

The section 3 deals with the question of how to value a biopharmaceutical R&D project.

This section can be further divided into four parts. First, short discussion about

traditional valuation theory is presented in chapter 3.1 that leads to the conceptual

discussion of real options in the second part. The third part, 3.3, summarizes the

previous studies around this issue and introduces current methods to the extend that can

be regarded necessary. Finally, the section 3 is concluded in 3.4 by proposing the model

for valuing biotech projects and by discussing about some key issues around the model

based on the literature and expert opinions.

1. BIOTECHNOLOGY 
    INDUSTRY

2. BIOPHARMACEUTICAL 
    R&D PROJECT AND 
    -FIRM VALUATION

3. KEY VALUE DRIVERS

LITERATURE REVIEW AND
EXPERT DISCUSSIONS

- INDUSTRY OUTLOOK
AND DYNAMICS

LITERATURE REVIEW AND
EXPERT DISCUSSIONS

- SUMMARY OF PREVIOUS 
  STUDIES
- PROPOSED MODEL

- DESCIPTIVE STATISTICS
- CORRELATIONS
- REGRESSIONS

EMPIRICAL STUDY

Section Methodology Output
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In the fourth section the focus will move away from the DCF-based valuation at the

project and company -level and I will discuss about other possible variables that might

explain the market-based valuation of biotechnology firms. This section is based on the

empirical data. After the discussion of previous related studies in chapter 4.2, the

hypothesis will be formed in chapter 4.4 and variables are discussed in chapters 4.3 and

4.5 of this section. The data including descriptive statistics is introduced in chapter 5.

After that chapter 6 presents methodologies used in this thesis, while the results are

summarized in chapter 7. Finally, chapter 8 concludes the thesis and discusses about

possible areas for further studies.
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2. Biotechnology Industry

2.1 Biotechnology

2.1.1 Definitions

Biotechnology, broadly defined, includes any technique that uses living organisms, or

parts of such organisms, to make or modify products, to improve plants or animals, or to

develop microorganisms for specific use. Biotechnology is not a separate science but

rather a mix of disciplines -genetics, molecular biology, biochemistry, embryology, and

cell biology - transmuted into productive processes by coupling with such practical

disciplines as chemical engineering, information technology, and robotics. (Doyle 1996).

The current situation is well depicted also, for example, by Drews (1998) as he suggests

the sector to rather be called the discovery industry, because in the 90’s the biotech

industry has exploded to comprise a wide array of additional technologies and supportive

businesses (in addition to the traditional recombinant DNA and monoclonal antibodies).

The “slang” word biotech has become a frequent expression in the press as well as in

academic articles. It is used in two different senses, as a shortening of just the word

‘biotechnology’ (Weisbach and Moos, 1995), or as a shortening of the expression

‘biotechnology company’(McMill an et al, 2000). In this study the term biotech will be

used as an umbrella term for companies developing biotechnological tools and products.

As will be discussed shortly in the next chapter, biotechs in general operate in several

sectors. However, in this thesis I will concentrate on pharmaceutical sectors. To be more

precise, two of the subsectors are involved in the medical arena: diagnostics and

pharmaceuticals. As a consequence, those biotechs involved in pharmaceutical R&D
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industry fall into a group called biopharmaceutical companies. They are small to

medium-sized high-tech companies operating in the pharmaceutical R&D industry, with

the development of a new drug as their primary focus.

2.1.2 Sectors

As biotechnology is a new and rapidly developing field, it is hard to find any clear and

exhaustive categorization. There may be several approaches to divide biotechnology into

specific sectors. Probably the most common approach is to make a division according to

the type of industrial application that the sector develops. One example is provided by

Oliver (2000) who categorizes users into four different groups: human health care,

agricultural, instruments and suppliers of lab products, and chemical and environmental.

Prevezer (1998) introduces seven sectors in her study: therapeutics, diagnostics,

agricultural, chemicals, food & cosmetics, environmental and energy. Also categorization

according to used technologies has been proposed in the literature: Lievonen (1999) has

a little different approach as he divides biotechnology into biocatalysts, biomaterials,

medical diagnostics and pharmaceuticals.

As mentioned in the previous chapter my focus in this thesis will be on

biopharmaceuticals. As a consequence, a slightly different categorization of sectors is

actually used here inside the pharmaceutical sector. The data I will use in the empirical

part has made the division into 13 different subsectors. These are 1) autoimmune, 2)

biomaterial/ skin/ wound, 3) cancer, 4) cardiovascular, 5) diabetes/ obesity, 6) genomics,

7) hematologic, 8) infectious diseases, 9) neurological, 10) osteoporosis, 11) respiratory,

12) transplantation, and 13) Other.

2.1.3 The Importance of Biotechnology

Even though born already in the 1970s, biotechnology is still i n its infancy and most of

the opportunities offered by new technologies are still unrealized. However, expectations

are high and many people hope biotechnology to be solution for several major problems

in the world today, which may be the reason why biotechnology is considered

increasingly interesting also by investors (despite of its very long-term nature). To get
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some kind of a view, some insights into the important areas where biotechnology is

expected to help are listed below. (Oliver 2000)

• As many populations are aging, the need for more medical services at lower costs is

obvious.

• The growing population of the world combined with already severe food shortage

calls for new applications in food production.

• There is ever increasing concern about the environment. The current attempts to

protect the nature are insufficient and new methods are needed.

• Non-renewable sources of energy like oil have to be replaced by other sources,

possibly created by biotechnology.

• Also other renewable materials and materials with totally new features are expected.

• Improving human health by finding a solution to most of the global diseases of today

2.2 Industry Outlook

2.2.1 The History

1970’s

The development of biotechnology has been led by academic research, with two

scientific breakthroughs in the early 1970s leading to its commercialization. The first one

was in 1973 that DNA could be cut; recombined and inserted into a foreign bacterium

which would then express a new gene. In 1975 the discovery of monoclonal antibodies

was reported. That finding involved fusing cells with specific properties and is a method

for producing large quantities of specific antibodies. (Senker 1998) In fact, the launch of

Genentech -the first venture capital biotechnology company in 1976 - is often considered

as a starting point of the commercial biotech industry that was followed by an explosion

of small firms led by academic entrepreneurs. The early stages were largely dominated by

the USA and especially Sili con Valley, California.
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1980’s

The 1980s can be considered as the first full decade of biotechnology that was the time

when alli ances and co-operation between small biotech firms and big established

pharmaceutical companies became a norm. The industry was developed as first FDA

(Food and Drug Administration) approved bio-engineered drugs hit the market. The first

gene-spliced product, human insulin won FDA approval in 1982 and hit the market. Four

years later research succeeded in tracking down first disease related gene. The stock

market crash, in 1987, affected the young industry as IPOs dropped to zero, but

otherwise the industry survived relatively well.

1990’s

The 1990s were the decade of expansion, growth and legitimacy for the biotech industry

as the investments were translating into marketable products. Companies raised a lot of

money through IPOs as the window for biotech IPOs was open twice during the decade:

first in 1995-96 (Schonfeld, 1997) and again at the end of the decade, especially in the

year 2000 (Ernst & Young, 2001). Also, FDA approved dozens of bio-engineered

treatments. However, compared to the information technology, biotech still had to wait

as Internet stocks got most of the attention and the money. (Oliver 2000)

2.2.2 The Current State

2.2.2.1 Finland

The current state of biotechnology in Finland is quite promising. Investments in R&D

have risen steadily over recent years and biotechnology has got a special focus for

example by TEKES (the National Technology Agency of Finland) as about 30% of the

total Tekes R&D funding goes to biotechnology, which accounts for about EUR 104m

annually. In addition, the cooperation between universities and companies is

exceptionally intensive in Finland and there are several national technology programs

under way. Finland also has a very strong patent position as only Germany and Sweden

have a higher number of patent applications per capita. Finally, according to the study of

Kuusi (2000) consumer opinions towards biotechnology is generally quite positive,
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which also is an important factor supporting the development of biotechnology industry

in Finland.

10 percent of Europe’s biotech companies are Finnish, which means that Finland takes

the sixth place after the UK, Germany, France, the Netherlands and Sweden. Strong

areas of biotechnology industry in Finland are pharmaceuticals, biomaterials, diagnostics

and industrial entzymes. At the moment there are about 120 biotechnology companies in

Finland. These have a total turnover of about EUR 660m and employ around 4200

people. When big pharmaceutical companies are included the corresponding figures are

EUR 1.86bn and 10813 employees.

Table 1: Biotechnology Industry in Finland 1998
Sector Number of Turnover Personnel

companies (mEUR)
Pharmaceuticals
    Small to medium sized firms 17 19 335
    Big pharmaceutical firms 3 1197 6615
Diagnostics 30 254 2020
Biomaterials 9 14 136
Food and feed 12 250 1000
Industrial entzymes 3 73 287
Agro 6 11 50
Service companies 28 27 270
Other 15 15 100
Total 123 1860 10813
Total excluding big pharma 120 663 4178

Source: Finnish Bioindustries (www.finbio.net)

Finland has a strong science base, which means that there are about 180 research groups,

19 biotechnology graduate schools and several science parks and biocenters dedicated to

biotechnology. Centers of excellence are mentioned as one of the main characteristics of

this industry (see chapter. 2.3.). In the scope of Finland this refers to five geographical

“biotech hot spots” . These are Helsinki (Science Park), Turku (Biocity), Kuopio

(Science Park), Oulu (Medipolis) and Tampere. (Kuusi, 2000)
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2.2.2.2 The USA versus the EU

As was mentioned earlier, biotechnology industry was actually started in the USA, and

even though its dominant position may have weakened, the US is still the largest

biotechnology nation. Table 2 summarizes the current state of the biotech industry in

Europe and in the USA. Some interesting findings can be made: Both these regions

together have about 2850 biotech firms, of which 14 % are currently publicly owned.

However, 62% of all employees work for these companies and even a higher percentage

of revenues (75%) come from these public firms. Further they account for over 60% of

the total R&D spending and are responsible for about half of the industry loss. If the

whole sample is studied including European and US companies, as well as public and

privately held biotech firms, it can be concluded that the average company has 79

employees, gets revenues of EUR 11,4 milli on, while its yearly R&D spending is 5,8

milli on and a net loss 2,7 milli on.

An interesting comparison between Europe and the USA shows that Europe actually has

more biotech firms than the USA today, which may be the first indication of the fact that

Europe might be catching up. However, when measured by any other figure (employees,

revenues, R&D spending or net loss), the US is considerably larger. This implies that the

field on the other side of the Atlantic is more mature and a slightly lower number of firms

may actually result from a consolidation activity among these firms. The maturity can

also be seen from the figures that show the percentage of public companies, as the figure

in Europe is only 7% the respective figure in the USA is 24%. Both public and private

firms in Europe make fewer losses than those in the USA. Industry total figures show

that the average European biotech firm makes a loss of EUR 1 milli on per year, while the

loss of its colleague in the US is almost fivefold. On the other hand, the R&D spending in

the US are three times higher than that of Europe. This in turn gives a reason to ask

whether the US is actually able to keep its dominant position also in the future, because

of its higher input in research today.



______________________________________________________________________________

Arojärvi, Olli . 2001. How to Value Biotechnology Firms: A Study of Current Approaches and Key
Value Drivers. Helsinki School of Economics and Business Administration.

16

Table 2. European and US Life Sciences Highlights 2001

Source: Ernst&Young (2001)

There has been a lot of discussion about the differences between the US and Europe in

the field of biotechnology as well as about the reasons for the dominant position of the

USA. Swann, Prevezer and stout (1998) handle this issue quite extensively, especially

from the point of industrial clustering and compare the industry between the US and the

UK. Also Senker (1998) discusses this issue in his book and investigates the evolution of

European biotechnology and its competitiveness compared to the situation in the US.

Senker finds that compared with the US, Europe finds itself a latecomer to

biotechnology and continues to lag behind the US in absolute terms. However, the

picture is highly differentiated among countries in Europe. While Small biotech firms

have played a central role in the commercialization of biotechnology in the US, in

Europe biotechnology research has been driven mainly by large, existing corporations

and by the public sector research system. Also, the European network is still i n its

infancy, with relatively self-contained national sub-networks, and is still much less dense

EUROPE
(mEUR) Public companies Private companies Industry total

Total Average Total Average Total Average
Number of firms 105 7 % 1465 93 % 1570
Employees 23630 39 % 225,0 37474 61 % 25,6 61104 38,9
Revenues 4393 51 % 41,8 4286 49 % 2,9 8679 5,5
R&D Expense 2663 54 % 25,4 2314 46 % 1,6 4977 3,2
Net loss 343 22 % 3,3 1227 78 % 0,8 1570 1,0

USA
(mEUR) Public companies Private companies Industry total

Total Average Total Average Total Average
Number of firms 300 24 % 973 76 % 1273
Employees 114000 70 % 380,0 48000 30 % 49,3 162000 127,3
Revenues 20022 84 % 66,7 3728 16 % 3,8 23750 18,7
R&D Expense 7349 64 % 24,5 4051 36 % 4,2 11400 9,0
Net loss 3302 55 % 11,0 2662 45 % 2,7 5964 4,7

TOTAL
(mEUR) Public companies Private companies Industry total

Total Average Total Average Total Average
Number of firms 405 14 % 2438 86 % 2843
Employees 137630 62 % 339,8 85474 38 % 35,1 223104 78,5
Revenues 24415 75 % 60,3 8014 25 % 3,3 32429 11,4
R&D Expense 10012 61 % 24,7 6365 39 % 2,6 16377 5,8
Net loss 3645 48 % 9,0 3889 52 % 1,6 7534 2,7
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than in the US. Based on the expert interviews Senker summarizes the main differences

between biotech company creation in the UK and US. Even though this study was

conducted only in the UK it should reflect to some extend the situation of the whole

Europe. The main differences are: 1) Easier access to seed capital in the US, 2) A more

active role played by American venture capitalists in the creation of firms, 3) Financial

incentives and government support for high tech companies in the US, 4) A lack of

entrepreneurs in the UK and 5) A large and more mature biotechnology industry in the

US.

This discussion shows that the main differences between these two areas usually have

something to do with general entrepreneurial climate, commercial development,

financing, venture capital and the maturity of the industry. However, (still based on the

study of Senker), the overall structure of innovation systems is organized mainly in a

similar manner on both continents. By these innovation systems I refer, for example, to

basic research, bioethics, regulation and the clinical development process. This

conceptual similarity is an important notification, as I will discuss about several methods

and hypothesis later in this thesis assuming then that they may be valid irrespective of the

geographical location.

I will finalize this short comparison of two main biotech regions of the world to the stock

market review. The figure 2 below shows how the general biotech indices in Europe and

in the USA have developed during the last five years. As we can see the biotech sector

has been very stable during the first three years (1996-99), but the technology rally at the

end of the century also affected this sector by doubling the figures. Also, so called

genomics hype appeared at that time supporting the increase in share prices (Danske

Securities, 2001). There seem to be very high correlation between these two markets,

which further supports the idea that there will be a lot in common and the companies on

different continents could be evaluated on the same basis (at least to some extend).
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Figure 2. Biotech Indices in Europe and the USA

Source: Datastream

2.3 Industry Dynamics

It seems that the common public often perceives biotechnology as one of those high tech

industries similar to information technology (IT) or telecommunications. It is true that

these are all high tech industries. However, as we can see in the following chapters, there

are several major differences and features that are specific to biotechnology and that

affect the way the industry functions. This in turn will have an effect on how we should

value these companies. The fundamental motivation for the coming chapters is the fact

that to understand any industry and to be able to make reasonable valuations of it, it is

important to be familiar with the basic dynamics of that industry. I have tried to limit the

presentation of these fundaments to a level that is necessary to make further suggestions

for valuation and hypothesis for the empirical part.
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2.3.1 Industry Specific Features

Along with the existence of the group of stable, persistent innovators, the industry is

characterized by a great deal of entry and exit outside of the core group of firms,

suggesting that the industry is still very much in a period of development and turbulence,

as would be expected of a young industry such as biotechnology (Senker 1998, 94). A

very dynamic environment is certainly one typical feature of the biotechnology. Things

change fast and there will be a lot of uncertainty concerning the future state of the

industry. It is possible that the laws governing the industry today may be totally different

ten years from now. However, some key features based on the current literature are

presented here.

Factors specific to the biotechnology industry (Prevezer 1998) include 1) centers of

scientific excellence, 2) ownership through patenting, 3) the importance of regulatory

climate and 4) the involvement and interest of large companies. Gustafsson (2000) makes

a little more detailed division and identifies 5 characteristics typical to the

biopharmaceutical industry: 1) global markets, 2) international regulation, 3) high entry

barriers, 4) evolution of industry structure and 5) technological uncertainty. High entry

barriers can be further divided into a) capital requirements, b) proprietary technology, c)

access to distribution channels and d) access to skill ed personnel. Even though these two

lists as well as other studies in the field highlight somewhat different aspects, it is still

possible to make conclusions concerning key characteristics if the industry.

Patenting was mentioned in both these studies (i.e. ownership through patenting

/proprietary technology) and is also often mentioned whenever the subject deals with

biotechnology. Patenting certainly has several implications to the industrial dynamics:

Patent is a crucial element that encourages firms to R&D and innovations. Patents

provide a monopoly for a company for a limited time, which at the same time affects to

other companies in the field.

Second common finding is (international) regulatory climate that dictates how a new

drug development process has to be accomplished as well as to which direction the field

of biotechnology is developing in general. The main idea here is that if a new therapy can



______________________________________________________________________________

Arojärvi, Olli . 2001. How to Value Biotechnology Firms: A Study of Current Approaches and Key
Value Drivers. Helsinki School of Economics and Business Administration.

20

be successfully taken through a series of clinical trials to demonstrate both safety and

efficacy, then it can be launched as a new product on the market (Senker 1998, 133).

The third item mentioned by Prevezer was the role of large companies. Gustafsson does

not mention this directly, but on the other hand he talks about global markets, access to

distribution channels as well as capital requirements. These all are, in fact, closely related

together and imply that the large companies actually play an important role in the field of

biotechnology and different forms of alli ances and co-operation are popular. The

existence of clustering (e.g. Prevezer 1998 and Rautiainen 2000) as well as the

importance of alli ances (e.g. McNamara 1998) will be discussed later in this thesis. Also

different strategies around biotech firms are introduced later (chapter 2.3.5).

Centers of excellence were the fourth aspect highlighted by Prevezer. Also, Senker’s

(1998, 20) extensive study of the dynamics of biotechnology often mentions the very

high degree of science intensity. Many other authors, including Gustafsson, just mention

skill ed personnel as a typical feature. To conclude, it should be understood that a

biotechnology industry was born in universities and research centers and is still heavily

based on R&D and innovations as well as educated skill ed employees.

In addition to those mentioned above, Gustafsson talks about evolution of the industry

and technological uncertainty. These are aspects that are also often brought into the

daylight. However, compared to the previous features, one might expect these to be

found in almost all other industries too. The following table will summarize the

discussion above. Moreover, I have included some reasoning why these industry specific

features might be important to valuation. Some of these will be discussed in more detail

in section 3.4.
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Table 3. Industry Specific Features
SPECIAL FEATURE LINK TO FINANCING
PATENTING → Product life cycle → cash flows
HIGH REGULATION → New drug development process → Cost of

R&D
COLLABORATI ON BETWEEN LARGE
COMPANIES AND SMALL BIOTECH
FIRMS

→ Strategies → Distribution of cash flows

THE IMPORTANCE OF RESEARCH AND
SKILLED PERSONNEL

→ Influence on growth

CHANGING TECHNOLOGY AND
COMMERCIAL ENVIRONMENT

→ Increased risk   
probabilities

2.3.2 Industry Specific Problems and Risks

Clearly the industry like biotechnology confronts several problems and is subject to

special risks. Some of these are discussed in this chapter. Again, however, the discussion

has to be limited.

One widely recognized problem is the long time frames and high development costs to

bring one product to the market. This means that a lot of money is needed for a long

period of time until the investors may get any compensation for their investment. As a

consequence, R&D must be met with patient investors with deep pockets. Bingham

(1993) reported at the beginning of the 1990’s that it takes 12 years and $231 million to

get one new medicine from the laboratory to the pharmacy. Now, almost ten years later

it still takes 12-15 years to develop the drug, but the average cost has risen to $500-600

million and the annual growth rate is about 13 % (U’Prichard & Pullan 1997). This high

cost level is much explained by the high regulation that requires a detailed testing and

filing of results, which additionally lengthens the time needed for a new drug

development process. This process will be explained in chapter 2.5.

A straight consequence of the previous problem is that most of the companies are

making loss and often the break-even is not even at a foreseeable future. For example the

data sample of top-100 US biotech firms used in this thesis shows that about 80% of

these companies were actually making loss in 1998 (see figure 14). As a result, any new

→ Discount rate / success
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company that is able to finish its clinical trials, bring the product to the market and finally

break even will increase the credibilit y of the whole industry. This is especially important

in Europe and in Nordic countries (Danske Securities, 2001).

In addition to the widely recognized problems above, Senker (1998) especially lists the

following: 1) Uncertainty concerning legal framework, 2) technological uncertainties, 3)

poor public acceptance, and 4) lack of entrepreneurial culture/venture capital in Europe.

The fact of technological uncertainties was mentioned already in the previous chapter as

one the dominating features of the field. Also, lack of entrepreneurial culture/venture

capital in the EU was discussed when the comparison between the US and the EU was

presented in chapter 2.2.2. However, uncertainty concerning legal framework as well as

a poor public acceptance and especially a threat of ”bad publicity” are not always

remembered. These wide topics are handled by Senker (1998), but will not be discussed

here any further.

Table 4. Industry Specific Problems and Risks
PROBLEM / RISK LINK TO FINANCING
HIGH COSTS → Negative EPS
LONG TIME FRAMES → Negative EPS
UNCERTAINTY AROUND LEGAL
FRAMEWORK

→ Increased risk → Discount rate / success
probabilities

TECHNOLOGICAL UNCERTAINTIES → Increased risk → Discount rate / success
probabilities

POOR PUBLIC ACCEPTANCE → May affect demand
LACK OF VC AND ENTREPRENEURIAL
CULTURE

→ May affect growth

2.3.3 Key Players in Biotechnology

The roots of the biotechnology industry lie in what were the essential conditions for the

commercialization of scientific breakthroughs. According to Prevezer (1998) the

essential parts or players in this field are 1) research institutes, 2) new science-based

companies, 3) large established companies, and 4) venture capitalists. In addition to that

I would like to add 5) regulators into the list as their importance has increased during the

recent years. As Davis (2000) says it, stringent regulations on how drugs should be



______________________________________________________________________________

Arojärvi, Olli . 2001. How to Value Biotechnology Firms: A Study of Current Approaches and Key
Value Drivers. Helsinki School of Economics and Business Administration.

23

tested for toxic effects and how their potency is to be proven have been increased during

the decades. These key players are shortly discussed below, because they will be referred

to throughout the thesis.

• Research institutes and universities: First dedicated biotechnology firms (DBFs)

were founded by key scientists who then became entrepreneurs, but still maintained

their strong academic contacts. As a consequence, close relationships with several

research institutes were crucial to any of these new ventures. Even though some of

the advanced research has been transferred to small, dedicated biotechnology firms

(DBFs), research institutes and universities are still a fundamental part of the biotech

industry and many biopharmaceutical companies are highly dependent on academia. In

addition to the initial start-up, these units continuously provide educated human

resources as well as recent research results of the changing industry. Specific project

funding provided by universities also helps to keep in-house research costs down for

many biotech firms, since they can use the expertise and equipment provided by

universities rather than having to invest in it themselves.

 

• New research-based companies: Also called as Small and Medium sized

Enterprises (SMEs) or Dedicated Biotechnology Firms (DBFs). Even though these

enterprises are rather heterogeneous and their roles vary, they still possess several

common features. In general, they are relatively young and small. They produce or

process science, so they are often founded by key scientists and mainly employ

scientists. Furthermore, they usually ”co-produce” and thus operate as part of a

network, for example with universities or large enterprises. (Senker 1998, 1).

Different strategies for these firms are discussed later in this section.

 

• Established pharmaceutical companies: Also called as Large Diversified Firms

(LDFs). They possess large resources for mass production, marketing, etc. The

success of these companies has been built on mastery of older technologies like

synthetic organic chemistry. However, these firms are increasingly creating linkages

in the area of the life sciences, as they at the same time try to retain their indigenous

science bases. (Senker 1998, 110)
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• Venture capitalists (VCs): The importance of VCs for the development of

biotechnology sector is highlighted throughout the literature. Senker (2000, 7)

express it well by saying that the commercialization process is very largely the

outcome of a marriage between venture capital and university scientists. Prevezer

(1998, 157) sees venture capital as part of the infrastructure, which guarantees access

to finance and provides active roles in creating new companies.

 

• Regulators:  Regulatory system for monitoring and approving medicinal products

has been developing over time. Centralized procedures are mandatory for

biotechnology products and are ruled by Food and Drug Administration (FDA) in the

USA and European Medicines Evaluation Agency (EMEA) in the EU. There is a

significant difference between these two as the FDA is perceived to be concerned

with both a drug’s safety and its efficacy, while the EMEA is thought to concentrate

on product safety and allow the market to decide whether the product is efficacious.

(Senker 1998). There are also several national programs that may either aim at

developing the sector or restricting it, which may then have influence on any

biotechnology firm in the area.

2.3.4 Bioclusters and Alliances

Clustering and alli ances, covered thoroughly by Swann, Prevezer and Stout (1998), are

dominant phenomena in the biotechnology industry. That is obviously due to the high

tech -nature and uncertainty around the industry. The clusters are often formed especially

around centers of scientific excellence (i.e. universities, etc.) The co-operation exists not

just between DBFs and research institutes, but also among DBFs as well as between

DBFs and LDFs.

A lot of attention has been paid especially to the alli ances between small biotech firms

and large pharmaceutical companies, and their co-operation is often found to be

complementary in nature. Possible roles for a DBFs are discussed in more detail in the

next chapter. However, one hypothesized role for DBFs is that of knowledge

intermediaries between public research centers and LDFs. (Senker 2000, 33). Small star-
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ups offer a large company the access to innovative techniques and frontier knowledge,

while a small biotech firm benefits from LDF’s resources in the areas of clinical trials,

regulatory approval process, marketing and distribution, etc. Also Rautiainen (2000)

states that partnering between big pharma and a biotechnology company benefits both

sides: biopharmaceutical company gets revenues, cash flow, credibili ty, market access

and medical expertise, while big pharma gains product pipeline, new technology and

control. These alli ances also have an effect on the company’s value, (see for example

McNamara (1998) and Shan et al (1994). Jägle (1999) especially points out that it is not

only internal flexibili ty along the R&D project that matters, but also the external

flexibili ty stemming from the right strategic alli ances with suppliers, competitors and

customers.

An interesting discussion about alli ances and wealth creation is provided by McNamara

(1998). Differing from the traditional discussion above he argues that the real value of

alli ances between biotechnology firms and big pharmaceutical firms is in sharing R&D

capabili ties and knowledge and not just in the areas of marketing and distribution, etc.

He shows that prestige alli ances are valued high even long before the result of any

clinical trial and possible manufacturing. McNamara talks also about beneficial

collaboration. First, there are clear financial rewards in terms of milestone payments from

the collaborator. A major pharmaceutical partner also validates the potential of a

biotechnology firm’s knowledge base in the eyes of the financial markets. This

strengthens the firm’s abili ty to raise further funds from the capital market, hence

strengthening its financial value. Both these factors increase the biotechnology firm’s

abili ty to invest in additional knowledge, thus strengthening its key source of competitive

advantage. These issues are covered in more detail when key value drivers are discussed

and hypotheses formed starting from chapter 4.

2.3.5 Biopharmaceutical Business Models and Strategies

In general, a company can choose between two main strategies: 1) either to make a full

investment in one technology or 2) to do nothing and wait until market trends become

clearer. However, in many situations the third possibili ty is to manage uncertainty by
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acquiring growth options that offer a possibili ty to participate in future growth with

limited investment and risks. (Jägle 1999) In this thesis the discussion about strategies

and business models will be limited to extend that can be considered relevant for

valuation issues. It should be understood that different strategies in the field of

biotechnology would have a considerable influence, for example, on the amount and

timing of cash flows that has a direct effect on the value of a project or the whole

company.

As a number of young biotechnology companies move from the research phase to the

production and marketing of new products, they will be faced with an important question

of whether to increase vertical integration within the company by producing and

marketing their products. The alternative is to license their products to someone else and

to concentrate on research. According to Gustafsson (2000) many DBFs try to license

their products after phase 2 when the ratio between the market value and development

expenses is at its maximum. Also (Senker 1998, 102) says that many of the DBFs are

able to take products up to stage 2 or 3 clinical trials, after which the cost of production

and marketing becomes prohibitive to them. They therefore prefer to out-license the

product to a multinational in return for royalties, which enable them to raise funds to

continue their research.

The latter one is often suggested as the dominant strategy for most of the small biotech

firms and is called, for example, a supplier of knowledge services (Senker 1998, 31) or a

fully integrated discovery company, FIDCO, (Rautiainen 2000). Another strategy would

be to increase vertical integration to manufacturing or even to marketing and

distribution. As Gustafsson (2000) shows it, manufacturing constitutes only 5-10% of

the total pharmaceutical value chain and is consequently quite easy to implement (from

cost perspective). Marketing and distribution instead require considerably more

resources as they form 50-70% of the total value. Several variations may exist but in

general this kind of model can be called a fully integrated pharmaceutical company,

FIPCO, (Rautiainen 2000).
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Senker (1998) further divides the roles of DBFs that follow vertical integration model,

into two categories: a Schumpeterian innovator and a small and very specialized niche

depending on the market. In the former situation, DBF develops a radical innovation that

turns, what was initially a niche, into a normal routine market or a new sector. In order

to survive a DBF has to become a vertically integrated producer during the monopoly

(i.e. patent period), because after that period imitation becomes widespread. The latter

case refers to the situation where a DBF can attempt to exploit a small and specialized

niche that is not of great interest for large firms. Depending on the niche, it might be

preferable to become a vertically integrated producer instead of licensing.

Further, according to Senker (1998) dedicated biotechnology firms (DBFs) could be

classified into two main groups: research-driven and application-driven firms. Research-

driven firms concentrate on research in new technologies, build up strong patent

portfolios and a skill ed technical staff. They aim at developing radically new techniques,

which implies research of a long-term nature. Application-driven firms instead

concentrate on developing products using incremental improvements in relatively familiar

and generic technologies, which implies shorter-term nature.

Compared to application-driven DBFs research-driven firms offer required growth and

new opportunities, but they often face the problem that their research projects are too

long and costly (Senker 1998). Often short-term applications and products have to be

found in order to finance long-term research. This shows the importance of balanced

pipeline, where the firm has projects in all phases. The concept of balanced pipeline will

be one of the main issues discussed in the empirical part.

2.4 Key Success Factors

Since the empirical part of this thesis will study several typical variables in the biotech

industry and tries then to explain the current valuations through these factors, it is

essential to take a closer look at the key success factors presented in the literature.
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Critical success factors (CSFs) of the high tech companies have been a popular research

topic for the last decade or two. However, most of the research is focused on the IT

companies and product development companies in general. Rautiainen (2000) identifies

and discusses about the critical success factors of a biopharmaceutical company and

compare them between Finnish and Californian biopharmaceutical business. Her study

and results are based on expert interviews, but the presented hypotheses are not tested

against the market. Even though the aim of this thesis is not to test straight all the

propositions made by Rautiainen, some ideas will be used later in the empirical section.

Rautiainen (2000) finds that the most important internal success factors are 1) human

resources, 2) product strategy and 3) networking, while the significant external success

factors seem to be 1) clustering, 2) infrastructure and 3) national policies. She also

reports that the Finnish biopharmaceutical companies seem to appreciate more the

substance of a company (i.e. human resources, products and national policies). In

California, the national policy is not considered as important while networking, clustering

and the infrastructure of the community are appreciated higher. This is not a surprise as it

was found earlier that networking in the US is much advanced compared to the EU (see

chapter 2.2.2).

Moreover, Gustafsson (2000) identifies five interrelated success factors also based on the

expert interviews in biopharmaceutical companies in Finland and with some venture

capitalists: these critical success factors are 1) quality of products, 2) competence of

personnel, 3) risk management process in new drug development, 4) management of

commercialization, and 5) management of project interactions. These factors are aligned

with the findings of other studies such as Cooper & Kleinschmidt (1996), Martino

(1995) and Islei et al (1991). In my opinion, these are quite general in nature (especially

the first two), but some of them can be used as a ground for further discussion. It is

interesting to note that the issues around new drug development process, between

different projects and especially around commercialization are mentioned here, as one of

my focus later will be on studying the significance of these aspects on the company

valuation.
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2.5 New Drug Development Process

Many new product development (NPD) processes follow a sequence of distinct phases.

Jägle (1999) ill ustrates this for example, as he introduces a stage-gate approach that

depicts the NPD process in general. The main assumption is that the process starts broad

and follows several stages narrowing down to the focused fully defined new product.

This is a very relevant approach in biotechnology research as it is estimated that for

every commercialized drug or treatment, 5,000 to 10,000 compounds and combinations

are tested and of these, 250 make it to the clinical test stage and only five ever reach the

phase III ( Oliver 2000).

The idea of breaking a project down into specific stages with certain success

probabili ties, costs, etc. refers to the transformation of un-measurable uncertainty into

measurable risk. It is still important to understand that in some cases overly sequencing a

project may be dangerous. As a consequence, all the interrelationships between

individual phases have to be taken into account and the implications of later phases

should be considered right from the start. (Jägle 2000)

A differentiating characteristic of pharmaceutical R&D from other industries is the

regulatory control that governs the whole process. The development of all drugs follows

several predefined stages before the product can be launched to the market (if

successful). Depending on the details and the scope of the division the drug development

process can be divided into a different number of stages. A detailed description of these

phases is represented below, because this structure has also a clear connection to the

valuation issues presented later in this thesis. The process below is based on Charnes and

Kellogg (2000), Gustafsson (2000) and Rautiainen (2000):
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Figure 3. New Drug Development Process

Discovery: Chemists and biologists search for potential new drug candidates from among

milli ons of chemical compounds. The molecular compounds that proceed to next phases

are commonly referred to as new molecular entities (NMEs) or new chemical entities

(NCEs). Most of these entities are abandoned at this stage.

Pre-clinical: The NME is screened for pharmacological activity and toxicity in an

artificial (i.e. laboratory) environment and then in animals to ascertain the preliminary

safety and effects of the studied drug before it proceeds to the clinical trials.

Pharmacological studies concentrate on the medical effectiveness of the drug, while

toxicological studies focus on the adverse effects of the drug. The drugs are typically

patented during pre-clinical trials (Gambardella 1995).

Investigational New Drug Application (IND): Promising candidates from pre-clinical

phase seek national authorities’ (FDA in the USA) approval for further development.

The IND application includes results from the pre-clinical testing as well as details about

the coming clinical trials. If the IND is not denied within 30 days by the authorities, it

becomes effective.
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Clinical trials:

Phase I: Testing is conducted in a small number (calculated in tens) of

healthy volunteers to obtain information on toxicity and safe dosing ranges

in humans. Also, drug’s absorption, distribution in the body and elimination

from the body are investigated.

Phase II: Testing among larger number (calculated in hundreds) of

individuals selected from the patients for whom the drug is intended.

Successful Phase II trials provide significant evidence on efficacy and

safety.

Phase III: Large-scale trials (calculated in thousands) on patients to obtain

additional evidence on efficacy. The aim is to find statistically significant

benefits and to observe any possible adverse reactions that may occur

infrequently in patient populations. Phase III trials are designed to

approximate the after-approval usage.

New Drug Application (NDA): NDA is sent to national authorities for fili ng and review if

the company believes it has sufficient and properly documented evidence on the safety

and effectiveness of the drug. Marketing may begin upon notification from the national

authorities.

Post-approval: Additional research to support the marketing efforts and to develop

extensions of the product (i.e. alternative formulations and dosages for subsets of

patients). And also to record any side effects or other symptoms occurring when taking

the drug.
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3. How to Value a Biopharmaceutical R&D Project / Company

3.1 Traditional Approach –Theoretical Discuss ion

Based on Copeland (1996) two DCF-based (discounted cash flow) frameworks for

valuing a business are briefly introduced to create a ground for further discussion: 1)

Entity DCF model and 2) Economic profit model. After this, a short motivation for the

coming chapters is made through the discussion about growth opportunities, flexibili ty

and traditional valuation.

3.1.1 Entity DCF Model

As we know, the entity DCF model values the equity of a company as the value of a

company’s operations less the value of debt and other investor claims that are superior to

common equity. The value of operations is calculated by estimating cash flows and

discounting them at a rate that reflects the riskiness of these cash flows. This valuation

approach has a very established position in the financial world and it is used as a ground

basically in any valuation situation. Consequently, the general theory behind this

approach will not be discussed here in more detail. However, some issues are good to

mention.

One important issue is that the value of a company can normally be divided into two

parts: present value of cash flow during explicit forecast period and present value of cash

flow after explicit forecast period (i.e. continuing value or terminal value). It should be

clear that the longer the estimation period, the greater portion of the value could be

explained by forecast cash flows. However, longer the explicit period, more difficult it is

to make accurate assumptions about the future. (Copeland 1996). This issue of forecast

period and terminal value will be discussed in the context of biotechnology later in this

thesis (see chapter 3.4.2).
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Additionally, two main variables, cash flows and the discount rate, have to be estimated.

This task always includes some uncertainty and subjective assumptions, and in the case

of small high tech firms, such as biotechnology, this procedure may become really

arbitrary and consequently lead to totally wrong valuations or at least high fluctuations in

the value. The problem arises when these firms do not have basically any assets, cash

flows, profits or even turnover. Even if they create cash flows, these flows do not

necessarily follow the same patterns as in some other industries (e.g. mature industries),

but are determined by industry-specific factors (e.g. patenting). A normal assumption

made about discount rate is that the risk does not change during the life of the project,

the fact that hardly is plausible in a very dynamic environment and with long-term

projects. All these elements: forecast period, cash flow estimation, and discount rate will

be applied to a case of biotechnology firm in chapter 3.4.

3.1.2 Economic Profit Model

Another traditional framework proposed for valuation is the economic profit model. This

approach suggests that the value of a company equals the amount of capital invested plus

a premium equal to the present value of the value created each year going forward

(Copeland 1996). In other words, it is the spread between the return on invested capital

(ROIC) and the cost of capital (WACC), times the amount of invested capital. The

economic profit is a useful measure for understanding a company’s performance in any

single year, while free cash flow is not, because FCFs could be easily manipulated by

delaying investments in one year at the expense of long term value creation. (Copeland

1996)

In a case when WACC is higher than ROIC, the company actually destroys value.

However, for example Myers (1996) argues that in some situations an investment in a

negative-NPV project in order to establish a foothold in an attractive market or

technology can be considered as a call option on later profitable stages. The value of

these investments in intangible assets derives mainly not from their expected directly

measurable cash flow, but rather from the fact that they unlock future growth

opportunities. This is the reason why the economic profit model may not usually be
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regarded as a valid model in the case of biotech valuation. This argumentation leads the

discussion conveniently to the valuation of growth opportunities and flexibili ty.

3.1.3 Taking into Account Growth Opportunities and Flexibility

In addition to the discussion above, market-based valuation of a company can be divided

into two parts, value from existing business and value of growth opportunities.

Increasing amount of studies agree that traditional valuation approaches struggle to

capture the outstanding growth prospects and shareholder value creation potential of

technology-intensive companies. As is mentioned earlier, in biotechnology industry in

particular, many companies have significant valuations long before they earn any profits

from selli ng their products or even before they have any sales (Charnes and Kellogg

2000).

In high tech firms, and especially in biotech firms, most of the value can be explained by

future expectations. Jägle (1999) reports these expectations’ share to be as high as 70%

on average for high tech firms in the USA. In this situation traditional methods can be

considered inappropriate and thus option-based methods are suggested. The motivation

for using an options-based approach arises from its potential to conceptualize and

quantify the option premium or flexibili ty (adaptabili ty) component of value. This does

not mean that traditional static (passive) NPV should be scrapped; rather it should be

seen as a crucial and necessary input to an options-based ”expanded NPV” framework

(Trigeorgis 1996, 124). A mixture of DCF analysis and option valuation models is

suggested also, for example, by Jägle (1999).

Further, according to Ottoo (1998) any firm can be divided into two parts, assets-in-

place and real options. Many of these options are growth options whose values are

affected by management’s strategic investment decisions. These options are especially

important to start-up and emerging firms, whereas assets-in-place are more important in

determining the value of established firms. Also Perlizt et al. (1999) conclude that the

real options method holds enormous potential for application in R&D project evaluation.

However, a process of standardization and further empirical work will have to be

pursued to ensure its practical applicabili ty.
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To conclude, the opportunity for the management to make decisions and take actions

accordingly, as the time evolves and more information is available, has value. This value,

however, is usually not recognized when traditional valuation tools (e.g. static NPV) are

used. As was discussed above by several authors, the options pricing methodology can

provide a useful and more plausible framework for valuing flexibili ty. Next chapters will

shortly discuss about real options at the conceptual level. After that a more detailed

introduction of current literature and four different approaches to value biotech firms are

presented in chapter 3.3 These approaches are 1) Qualitative methods, 2) Decision trees,

3) Discrete binomial lattice, and 4) Continuous models.

3.2 Real Options Approach

3.2.1 Real Options Literature

Trigeorgis (1996) has gathered together most of the current real options research in his

book that can be recommended as a main work in the field of real options at the moment.

Also, Laamanen (1997) provides an extensive and detailed overview of the real option

valuation literature and the methodological state of development of the real options. A

lot of references around real options literature are also provided by Seppä (2000) as he

applies the options theory to venture capital environment. Perlitz et al. (1999) provide an

extensive study of real options valuation in R&D projects and discussion about key

assumptions behind and questions around real options techniques. As a link between real

and financial options is strong, a reader is suggested to look into the literature of

financial option-pricing theory too. Some good basic publications, that offer a good

overview of this field, are provided, for example, by Jarrow & Turnbull (1996) and

Schance (1998).

The field of financial and real options is naturally very extensive. It should be noted that

the presentation here has to be limited and a reader is supposed to be familiar with some

basic theory of this subject. In the following chapters I will 1) briefly present the basics
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of real options theory, 2) identify different kinds of real options, and 3) discuss about

their applicabili ty to biotech framework.

3.2.2 Basics of Real Options

An option is the right, but not the obligation, to take an action in the future (Hull 1997).

Options are widely used in financial world, where they refer to contracts granting the

right to buy or sell an asset at a stated price over a specified period (Jarrow & Turnbull

1994). However, the same logic that stays behind financial options can be found useful in

real li fe situations where several opportunities exist. Options on real world assets are

then called real options. Compared to financial options mentioned above, real options

give the right (but not the obligation) to invest by paying the investment cost before the

opportunity disappears (Trigeorgis 1996).

There are basically two types of options, call and put options. Call option gives the

option holder the right to buy the underlying asset at a pre-specified exercise price (or

strike price). Put option, in turn, gives the option holder the right to sell the underlying

asset at a pre-specified exercise price. The option is said to be in-the-money if it would

provide a positive payoff when exercised. In this case the strike price of a call (put) must

be lower (higher) than the current market price of the underlying asset. The option is said

to be out-of-the-money if it would provide a negative payoff. If the current market price

and the exercise price are equal, the option is said to be at-the-money. These options can

also be divided into two categories according to the time when they can be exercised. An

option is called American if it can be exercised anytime from the date of purchase until

the expiration date. Alternatively, option can be European, which means that it can be

exercised only on the expiration date.

There are five variables affecting the option value: 1) the value of the underlying asset, 2) the exercise

price, 3) the time to maturity, 4) the risk-free interest rate and 5) the volatilit y of the underlying asset

price. Extensions of this basic model also may take into account dividends. Quite an interesting article

that discusses about these variables (e.g. underlying asset dynamics, volatilit y measures, etc.) is provided

by Perlit z et al. (1999). Even though this discussion will be out of the scope of this thesis, some key

aspects should be kept in mind; 1) how the changes in these variables affect the option value and 2) what

are the links between financial and real options. The following table will clarify these aspects and give

an example of each variable in an application of clinical study of a biopharmaceutical R&D project.
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Table 5. Variables Determining an Option Value and Their Equivalents in a Real
Options World

Variable Financial option Real option
(example: clinical study)

Effect on
Call*

Effect on
Put*

Asset price Current stock
Price

PV of the option to
Proceed to the next phase

+ -

Exercise price A predetermined
Stock price

Expenditure required
to conduct the next phase

- +

Time to
Maturity

Time to the last day
of option’s life

Length of time the
decision to start the next
phase can be deferred

+ +(-)

Time value of
Money

Risk free interest
Rate

Risk free interest
Rate

+ -

Volatilit y of the
Underlying asset

Variance of returns
on stock

Riskiness and volatilit y of
the sales of the final
therapeutic product

+ +

Dividend payments Payments to the
stock holder

Payments lost through
Waiting to invest

- +

*) when increase in variable

As it is shown, the real options theory is closely linked to that of financial options. In

addition to the main distinction between traded financial securities and non-traded real

assets, some of the main differences are 1) Exclusiveness of ownership and competitive

interaction, 2) Non-tradabilit y and preemption, and 3) Across-time interdependencies

and option compoundness. (Trigeorgis 1996).

The first difference relates to the fact that as all financial options are proprietary in

nature, some real options can actually be shared. Typically a patent for developing, for

example, a pharmaceutical product having no close substitutes is an example of

proprietary real option. However, some other collective opportunities of the industry are

shared as any one of the participants can exercise them (i.e. sequence of genomics). The

second difference refers to the situation where shared real options may not be tradable at
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all. As a consequence, in many cases the only way to hedge against possible value losses

in the value of an option is to exercise options early to preempt competition. Finally,

unlike most financial options many real options are actually not independent investments

but rather links in a chain of interrelated projects, the earlier of which may be

prerequisites for those to follow. This compoundness of real options makes the value

analysis more complex.

3.2.3 Types of Real Options

Common real options that can be identified in the literature are options to defer,

abandon, expand, contract and switch as well as growth options. The fundamental idea

behind all these options is that the flexibility has value. In other words, a project that

includes option characteristics is worth more than the same project without this flexibili ty

and a firm should be willi ng to pay a certain premium for such flexibili ty. To understand

the nature and importance of real options these are shortly presented below. This

introduction is based mainly on Trigeorgis (1996) and Copeland (1996) as well as

Laamanen (1997) and Seppä (2000). The special attention here is paid to the linkages

between real options and the field of biotechnology. The applicabili ty of these options to

the biotech framework is summarized at the end of this chapter.

3.2.3.1 Option to Defer

The option to defer an investment (e.g. R&D project in pharmaceutical industry) is

formally equivalent to an American call option on the gross present value of the

completed project’s expected operating cash flow, with an exercise price equal to the

required investment. It may be reasonable to defer an investment, for example in a

situation where more information is needed before any further action. However, if the

opportunity cost of deferring the investment becomes too large, the decision-maker may

want to exercise the option. The option to wait is particularly valuable in industries

where high uncertainties and long investment horizons exist. (Trigeorgis 1996)
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3.2.3.2 Option to Abandon

The option to abandon or sell a project is equivalent to an American put option. If the

bad outcome turns up at the end of any period, the decision-maker has an option to

default the project and realize the expected liquidation (or resale) value. This value of the

project can be thought of as the exercise price of the put. This action of abandonment

may become rational when the present value of the assets falls below the liquidation

value. (Copeland 1995). This option is valuable in all R&D intensive industries,

especially in pharmaceuticals, where the project can be divided into clearly defined stages

(see chapter 2.5.). As the required investment is not incurred as a single up-front outlay,

the actual staging of capital investment as a series of outlays over time can create

valuable options to default at any given stage. Thus, each stage can be viewed as an

option on the value of subsequent stages by incurring the installment cost outlay required

to proceed to the next stage, and can therefore be valued similar to options on options

(i.e. compound options). (Trigeorgis 1996).

3.2.3.3 Option to Expand

The option to expand (e.g. the scale of a project’s operations) is equivalent to an

American call option. This kind of option refers to the possibili ty to make an additional

follow-on investment if project conditions turn out to be favorable (Copeland 1995).

This might be, for example, a possibili ty for a big pharmaceutical company (as well as

another biotech company) to acquire an additional share of the R&D project by paying

the additional up-front payment or royalty as exercise price. The option to expand may

also be of strategic importance, especially if it enables the firm to capitalize on future

growth opportunities. This option can make a seemingly unprofitable (on the basis of

static NPV) base-case investment worth undertaking (Trigeorgis 1996).

3.2.3.4 Option to Contract

Many projects can be designed so that output can be contracted in the future (e.g. a

project can be modularized), which gives the management the right to reduce the

operating scale (as well as R&D commitment). This is thus equivalent to an American
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put option on part of the base-scale project, with exercise price equal to the potential

cost savings or foregoing planned future expenditures on the project. (Copeland 1995).

This kind of an option may be particularly valuable in the case of new-product

introductions in uncertain markets (such as Pharmaceuticals). The option to contract may

also be important, for example, in choosing among technologies with different

characteristics. (Trigeorgis 1996).

3.2.3.5 Option to Switch

This option is in fact a portfolio of options that consists of both call and put options (i.e.

a possibili ty to restart or temporarily terminate a project). The cost of restarting or

shutting down activities can be considered as the exercise price of the call or put.

(Copeland 1995). This option does not refer only to technology but also to, for example,

maintaining relationships with a variety of suppliers of critical raw materials and

switching among them if necessary (Trigeorgis 1996).

3.2.3.6 Growth Options

Many early investments can be considered as growth options. The value of these early

projects derives not so much from their expected directly measurable cash flows as from

the future growth opportunities they may unlock. Despite a seemingly negative NPV, the

infrastructure, experience, and potential by-products generated during the development

of the first-generation product may serve as springboards for developing better or

entirely new applications in the future. These growth options are identified especially in

strategic industries with multiple product generations or applications (e.g. again

pharmaceuticals) (Trigeorgis 1996).

3.2.3.7 Applicability to Biopharmaceuticals

Probably all these types of real options can be found in a case of biopharmaceuticals.

However, the option to abandon and growth options are most often identified in

pharmaceutical R&D. Basically all studies in the field identify an option to abandon and

apply it to valuation models (e.g. Kellogg & Charnes (2000), Jägle (1999), Ollil a (2000),
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Gustafsson (2000)). Also the importance of growth options is motivated by several

authors (see especially Ottoo (1998) and Ollil a (2000)). Ollil a further suggests that the

importance of growth option be at the highest during the early years of the new drug

development process and again after the launch of the final product. Additionally, the

value of the option to abandon is the highest at the end of phase 2 before entering into

the phase 3. This implies the fact that in this stage a clear proof-of-concept has been

already provided by the biotechnology firm, but most of the costs are still ahead as phase

3 is the most expensive due to the large number of patients participating in the testing.

This means that it is often optimal for a biotech firm to out-license the project after phase

2 (Gustafsson 2000). This strategy is found to be realistic also in practice, at least in the

Nordic countries (Danske Securities, 2001).

In addition to an option to abandon and growth options, I suggest that also other types

of real options can play an important role in the context of biopharmaceuticals, the issue

that might be of the interest of further researchers. As I suggested, the possibili ty to

expand or contract may be useful in a situation where a small biotech firm is out-

licensing its projects to a big pharmaceutical company. This will certainly have an impact

on the company value through the level of up-front payments, milestones and royalties.

Option to defer may be valid in a case when more information is needed to guarantee a

successful entering into the next (clinical development) phase. A relevant example of

option to switch is the flexibili ty concerning different suppliers of key substances. As

Martino (1995) highlights, the importance of availabili ty of raw materials in the

pharmaceutical industry is high because the industry may need scarce biological

materials.

3.3 Methodologies to Biotech Valuation -Summary of the Previous

Studies

After the conceptual discussion of real options in general, I will now look at the previous

studies concerning a valuation of biopharmaceutical R&D projects and companies. Some

methodological issues and examples are provided to fulfill the presentation of the studies.



______________________________________________________________________________

Arojärvi, Olli . 2001. How to Value Biotechnology Firms: A Study of Current Approaches and Key
Value Drivers. Helsinki School of Economics and Business Administration.

42

The number of these academic studies is not high, probably due to the short history of

the field and the lack of data. However, some studies can be found, both internationally

and in Finland. This list is not assumed to be exhaustive in nature, but it should

demonstrate the current state of the research and hopefully help further studies in this

field in the future. As we can see, various models and approaches are proposed and the

conclusions presented by these authors vary and are somewhat controversial. This shows

that more research on this field is needed. The discussion below with the main points and

suggestions are summarized at the end of this chapter (see table 6).

3.3.1 Qualitative Models

There are several factors affecting the company value. As a consequence, several

methods have been proposed, both qualitative and quantitative. However, in this section

of my thesis I will concentrate on the quantitative perspective, which does by no means

imply that we should forget all the qualitative and non-financial methods. These are

extremely important and should also be taken into account when a careful and thorough

valuation is accomplished. An interesting study about qualitative methods is discussed,

for example, by Gustafsson (2000). In his empirical part he combines qualitative multiple

criteria decision making (MCDM) method with traditional decision tree method and uses

these in a hypothetical biopharmaceutical R&D project. In this case Gustafsson also

apply value intervals instead of single point estimates and compares three different

scenarios for the project. The reason why this is mentioned here is to remind the reader

that a mixture of different complementary approaches is often recommended instead of

one single model.

3.3.2 Decision Trees

Decision tree is a method of modeling decision situations that are characterized by a

sequence of subsequent decisions and uncertainties (Eppen et al, 1989). This is typical

for long-term R&D projects that consist of multiple stages with certain probabili ties of

success and which require decisions to be made throughout the life of the project.

Decision tree is an ill ustrative method that shows points where uncertainty is involved (a

circle, change node) and possible states of nature (a triangle, termination node) that stem
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from the change node, as well as possible points where decisions can be made (a square,

decision node). Figure 4 represents a simple example of a decision tree for entering into

clinical trials. The tree consists of a couple of branches with probabili ties as well as

decision nodes and final possible outcomes. The values in the boxes are calculated as

probabili ty weighted averages.

Figure 4. A Decision Tree -Example

The net present value of a project that involves consecutive uncertainties and decisions

can then be calculated by using these decision trees. The procedure of backward dynamic

programming is used, which means that we start solving the decision tree from

termination nodes and advance backward. At each encountered chance node the

expected value of outcomes is calculated, and it is used to represent the value of the

change node. At decision nodes we examine the values of possible actions. They are

obtained by summing up the NPV of the action’s cash flow stream and that of the

following node. The action with the highest expected NPV would be then chosen. This

method should be quite well known and a more detailed description and examples will be
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left out from this thesis. To get more information about this approach I suggest readings

of Eppen et al (1989).

When valuing a biotechnology firm, this method is often mentioned and also

recommended by authors due to its ill ustrative nature. Even though the graphical

presentation may differ case by case, the fundamental idea remains the same. Decision

trees in a biotech context are discussed, for example, by Gustafsson (2000), Kellogg &

Charnes (2000) and Jägle (1999). Gustafsson (2000) provides a good summary of

methodological issues around a traditional decision tree method and uses it in a

hypothetical biopharmaceutical R&D project. He recommends decision tree, because it is

ill ustrative and computationally easy. However, this method still faces the problem of

estimated discount rates and success probabili ties. A theoretically more valid approach of

real options is argued to be a ”black box” in the real li fe and is consequently not

recommended in his study.

Kellogg & Charnes (2000) present one of the most recent and interesting studies of real-

options valuation for a biotechnology company. In addition to binomial lattice method

discussed later they use the decision-tree method to value a biotechnology company. The

values are computed to a case company based on these methods, and are then compared

with actual market values at selected points in time. The decision-tree method introduced

by Kellogg & Charnes is discrete and based on the new drug development process with

certain regulated phases. In addition to that, they divide the launched products into five

different scenarios with certain success probabili ties and cash flows. As this model is

discussed in more detail in chapter 3.4, it is not presented here. Even though this model

is very ill ustrative, it also has shortcomings in an academic sense as success probabili ties

and discount rates are estimated and may be biased. Another limitation is also that the

decision tree calculates the net present value of a drug without taking into account

growth options. To respond to the latter problem the binomial-lattice method is

introduced (see chapter 3.3.3).

Jägle (1999) makes a comparison between the traditional DCF-tree and the option tree.

The decision tree methodology is similar to those presented earlier. The fundamental
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difference between these two approaches is that the DCF-tree weights cash flows by

using actual probabili ties and uses risk adjusted rate for discounting (the problem that is

recognized also by other authors), while the option-tree applies risk-neutral probabili ties,

which allows the use of risk-free interest rate in discounting. Additionally, in this study

option-based approach is applied in the valuation for the initial public offering of a

biotechnology company.

The author suggests through this ill ustrating comparison that options-based approach for

technology intensive companies is less dependent on FCFs, which are difficult to forecast

for fast-growing firms. He also points out the theoretical diff iculty (mentioned earlier in

chapter 3.1.1) of a simple DCF-tree to determine the correct discount rate for each of the

branches of the tree (i.e. different stages of project development), and the abili ty of real

options to solve this problem when risk neutral probabili ties are used. As a conclusion,

Jägle argues that a binomial option tree incorporates the flexibili ty and risks inherent in

the new product development process that is especially important for high-tech and life

sciences companies. As a consequence, compared to a simple DCF tree approach (that

was suggested for example by Kellogg & Charnes), real options approach is better, more

accurate and can then lead to improved investment decisions.

3.3.3 Discrete Binomial Lattice

A binomial option valuation model is based on a simple representation of the evolution of

the value of the underlying asset. A Binomial lattice is an approach similar to decision

tree presented earlier, and it is solved by using backward dynamic programming.

However, whereas the branches of a decision tree never recombine, the branches of a

lattice do with those of the adjacent nodes. Moreover, nodes in binomial lattices have

always exactly two leaving branches, while the number of branches is not restricted in

decision trees. In each time period the underlying asset can take only one of two possible

values, the up or down movement, denoted u and d respectively. As an example we can

consider an asset with an initial value of A. after one period its value may have moved up

to Au or down to Ad. In the next period, the possible asset values are Au2, Aud or Ad2,

and so on. Asset price lattice can be then formed:
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Figure 5: Asset Price Lattice and Option Prices at the End -Example

When the asset prices are defined, it easy to compute the value of an option on the asset

at each stage. The value of an option can be calculated by using backward dynamic

programming, which means that we start from the end and bring back future values to

the present. The values of a call (C) and a put (P) option at the expiration are defined as:

C = max(St,s - K, 0)     and     P = max(K - St,s, 0) (1)

Where St,s is the asset price at expiration date in state s and K is the exercise price of the

option. The value of an option in the previous period t-1 can be calculated then as:

C = [qCu + (1-q)Cd]e-r , (2)
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Where q is risk-neutral probabili ty, r is risk-free interest rate, Cu and Cd are option

values at time t in upper and lower branches respectively.

Values for the binomial lattice multiplier u and d as well as for the risk-neutral probabili ty

q are derived by Luenberger (1998). This derivation is not presented here, but the

formulas are the following:

q =  
d -u 
d - e

 
tr∆

     and     u = e  tσ ∆      and     d = e  t−σ ∆ (3)

where r is risk free interest rate, ∆t the relative length of the lattice period compared to a

year, and σ the annual volatili ty of the underlying asset.

In this case only the volatili ty of the underlying asset need to be estimated, and other

parameters can then be calculated from that. However, the problem with this method is

that an accurate estimate for the volatili ty in the underlying asset value is diff icult to

come by. In some cases the volatili ty could be estimated from the historical data or from

the stock prices of other similar companies. Unfortunately, this is often not possible,

because the projects are so young and unique that this data is not available. Especially

this is the situation in biotech sector.

Before entering into the discussion about previous related studies that pay attention to

binomial lattice, I want to emphasize shortly, why this approach is so appealing for

biotech valuation. The explanation lies behind the fundamental fact presented above, that

there are always only two possible paths during a certain time period. This is very much

what we see in the real world of biotechnology: for example, a company finishing its

phase X trials has usually exactly two possible alternative stories to tell –either the trials

have been a success or a failure. The change in the value of the company then moves

discretely either up or down, respectively. Such thing as neutral news concerning phase

X does not usually exist (Danske Securities, 2001). The situation is ill ustrated in the

following figure:
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Figure 6. Case Example of a Discrete Movement of Value of Biotech Project

In the example above the current valuation of this hypothetical project is 600 milli on

when the project is in clinical phase 2. This is based on the fact that the total success

probabili ty that the product will eventually enter to the market is expected to be 75 %,

while the total cash flow to the project is estimated to be 800 (i.e. 0.75*800=600). When

the data concerning the results of clinical phase 2 is published, the value of the project

can either go up to 680 milli on or down to 0. The value of 680 is again based on the

success probabili ty, and now the total success probabili ty has increased to 85%

(hypothetical estimate) as one stage is successfully completed (i.e. 0.85*800=680). If the

phase 2 is not successfully completed, the failure would probably mean the termination of

this particular project, and the value would drop to zero.

I will continue with the example above and introduce a hypothetical option to sell all the

research data, clinical results and rights of this project to another company for 200

milli on after phase 2. This option to abandon can be considered as an American put

option, as was discussed in chapter 3.2.3.2. I will shortly show how to value this option
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based on the discrete model presented in this chapter. The figure below ill ustrates the

situation:

Figure 7. Case Example of Valuing an Option to Abandon

The value of the option in both end states of nature is calculated by using the formula (1)

for the put option. The asset prices at expiration date are those derived in the previous

figure 6, while 200 is the exercise price of the option (see also the theoretical discussion

in chapter 3.2.2). Additionally, I have assumed two things: the volatili ty of the asset

value is 25% and the annual risk free interest rate is 4.5%. As these assumptions are

included in the formulas (3), the u, d and q variables can be calculated:

u = e   125.0 ∆ = 1.284

d = e   125.0 ∆− = 0.779

q =  
0.779 - 1.284
0.779 - e

 
10.045∆

= 0.529 and 1-q = 0.471

After this the present value of this option can by calculated by using formula (2) for put

option:

P = [0.529*0 + 0.471*200]e-0.045  = 90,06

The value of the
put option today
is 90 million

The value of the put option
is  Max [200-680, 0] = 0

The value of the put option
is  Max [200-0, 0] = 200

q  = 0.529

1-q  = 0.471



______________________________________________________________________________

Arojärvi, Olli . 2001. How to Value Biotechnology Firms: A Study of Current Approaches and Key
Value Drivers. Helsinki School of Economics and Business Administration.

50

After this short example, I will now look at some previous studies that deal with a

discrete approach. Again, the application of this method may differ slightly case by case,

but the main idea should remain the same. Another methodology (in addition to decision

trees) studied by Kellogg & Charnes (2000) is a discrete binomial lattice.  Their

motivation behind using this lattice to value a biotechnology company lies in its abili ty to

take into account a growth option. It is also based on the risk-neutral valuation

approach, which means that calculations are simplified by eliminating the need to

estimate the risk premium in the discount rate. A discrete n-period binomial lattice of

asset values is constructed period by period and the value of the growth option at the

time of the launch of the first R&D project is added to each of the end values of the first

project.

The authors conclude that the real-options approach can be used to value a

biotechnology company. However, the inclusion of the growth option in the value of the

initial option does not significantly increase the value of the initial option. Another

conclusion is that the methods presented here are especially suitable at the early phases

of a development process, when average assumptions can be used. As projects move into

later phases, the use of averages do not work so well and more specific assumptions

about time to launch, market size and the probabili ty of success will reflect the value of

the company more accurately. Consequently, the use of real options with other

complementary tools is suggested.

This discrete model is applied to biotech firm valuation also by Gustafsson (2000) and

Ollil a (2000). Especially interesting is the study of Ollil a, as he identifies two types of

real options that are significant in pharmaceutical R&D project: the option to abandon

and the growth options. He applies these to a case company and compares the project by

both the traditional and option-theoretic valuation methods. Here a discrete binomial

lattice is applied to value the option to abandon. Ollil a also conducts an interesting

sensitivity analysis of the real option values with respect to changes in the volatili ty and

in the current value of the underlying asset. In brief, the value of the abandonment option

increases with higher volatili ty and with lower current value of the underlying asset.
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3.3.4 Continuous Models

In fact, the majority of option pricing theory is formulated in the continuous time setup.

Unfortunately, continuous time brings with it a level of mathematics that is quite

demanding (Jarrow & Turnbull 1996). This easily leads to the situation where the models

are not applicable in practice. However, the basic equation of Black & Scholes is

presented below, because of its popularity. A case example is not presented here, as its

contribution is likely to be small. In order to understand, how this continuous time

approach may be used in practice, it is good to look at table 5 in chapter 3.2.2, where the

links between the variables of financial and real options are presented.  The price of a

non-dividend-paying European call option, (C), is given by (Luenberger 1998):

C(S,t) = SN(d1) - Ke- r ( T - t ) N(d2), (4)

Where S is the asset price, N the cumulative probabili ty density function of standard

normal distribution, K the strike price, r constant continuously compounded interest rate,

t the present time, and T is the expiration date. Parameters d1 and d2 are given by:

d1 =  
ln(S/ K) + (r +

T - t 
 

σ
σ

2 2/ )( )T t−
     and      d2 = d1 -σ T - t , (5)

Where ln is natural logarithm and σ is annual volatili ty.

As mentioned briefly in the previous section, according to Ollil a (2000) another

significant type of real option in pharmaceutical R&D is a growth option. This is valued

by using a continuous Black & Scholes model presented above. A sensitivity analysis of

growth option values with respect to changes in the volatili ty and in the current value of

the underlying asset shows that the total value of the project will always be increased

irrespective of the current value of the underlying asset. Ollil a also finds that results from

real option valuation converge with those of the traditional valuation when there is little

value in managerial flexibili ty in the future. However, according to the author, real

options can be considered as a theoretically right approach. The choice of the valuation
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method then depends on several factors, like the size of the estimated sales, the amount

and structure of uncertainty and the required accuracy.

The basic Black & Scholes model used by Ollil a in the previous study is further

developed by Ottoo (1998). He develops a continuous valuation model that incorporates

key corporate growth drivers and competition and then applies this model to a case study

of one Biotechnology Company. Ottoo highlights an important fact that each firm’s real

option payoff is determined by its own basic R&D investments, as well as the level of

investment in basic R&D by its competitors. Further, the expected time of discovery

depends on its own probabili ty of winning conditional on the probabili ty of winning of its

rivals, which are in turn a function of R&D expenditure of each firm in the competitive

race. Thus, the firm’s success depends upon winning a basic R&D race to secure access

to these monopoly rents provided by patent protection. A natural finding is also that the

introduction of a competitor drastically lowers the discovery time and the increasing

number of competitors lowers the expected value per unit of R&D that any single firm

receives. The core problem of any biotechnology firm is then to choose the optimum

level of R&D investment that maximizes the net present value of a new product. The

R&D aspect is taken into consideration also the empirical part of this thesis.

In this continuous model strike price has two components: first, a certain premium must

be paid in a form of basic R&D to purchase the expected flow of monopoly rents.

Second a stochastic component that potentially affects the amount of investment in

manufacturing, etc. to the extent that the option may not be exercised. Zero expenditure

to the basic R&D would mean that all the expected benefits were lost. On the other

hand, too high a level of expenditure would substantially reduce the value of the real

growth option. Ottoo suggests that the monopoly rents provided by a patent are positive

if the firm wins the race but zero if it loses the battle. I would criticize this assumption by

arguing that any investment in the basic research might provide some new accumulated

knowledge even in the situation where the actual patent would be lost to another firm.

As a consequence, the value of the project in the lower branch of a binomial tree would

not necessarily be zero, if that knowledge could be exploited later.
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As a conclusion, this growth option model is recommended when strategic investment

decisions and intangible assets have to be valued.

Table 6. Summary of the Previous Biotech Valuation Studies
Author Approach Suggestions
Kellogg & 1. Decision tree, discrete model Growth option not significant,
Charnes (2000) 2. Binomial lattice, discrete model Real options with other tools

Recommended, use real options
At an early phase

Jägle (1999) 1. Option tree Option tree found to be better,
2. DCF tree More accurate and less dependent

On FCFs

Gustafsson (2000) Several qualitative and quantitative Real options considered as a
Methods, especially: "black box". Decision trees
1. MCDM Recommended instead, because
2. Decision trees Illustrative and computationally
3. Real options Easy

Ollila (2000) Several traditional methods, especially: Real options theoretically alright,
1. Discrete model (for option to abandon) But findings not significantly
2. Continuous model (for growth option) Different.

Ottoo (1998) Continuos growth option model based Growth option model is proposed
On Black&Scholes As a convenient tool to value

Intangible assets.

To conclude, the attention should be paid to the selection of the right model: Generally

decision trees and a binomial model based on a discrete time assumption allows for the

widest range of applications and they are very robust under different conditions.

However, the need to include continuous time assumptions calls for using Black and

Scholes and a further need to value compound options requires using Geske model, that

is not covered here.
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3.4 Modeling Pharmaceutical Development Process

I will now construct a framework for modeling the valuation of biopharmaceutical

development process, hoping that this could be a tool used also in practice. Additionally,

the discussion about key variables used in DCF –based valuation in biotechnology sector

is provided. It should be noted that the model presented by Kellogg & Charnes (2000)

motivates my work here, but the rest of the chapter dealing with different variables

(starting from success probabili ties) and special valuation issues are very much based on

my own research, backed by discussions with several experts. Many of the issues handled

earlier in this thesis have obvious links to this chapter (note especially the presentation of

new drug development process in chapter 2.5 and the theoretical approaches for

valuation discussed earlier in this section.)

As it is shown previously, a biopharmaceutical development process is composed of

several stages, during which the drug company gathers evidence to convince government

regulators that it can consistently manufacture a safe and efficacious form of the

compound for the medical condition it is intended to treat. At the end of each stage, the

company uses the technological and market information revealed up to that point to

decide whether to abandon or continue development of the compound, and whether to

do this alone or with a partner (Kellogg & Charnes 2000). This kind of pharmaceutical

development process can be best modeled as a staged decision tree that consists of these

regulated phases.
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Figure 8. Modeling the Valuation of Biotech R&D Project

Where Ai refers to cash flows when the option to abandon is used and Sj refers to cash

flows in a particular scenario when the product is successfully launched to the market. Ai

and Sj are calculated in the following way:
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where i = is an index of the six different phases from research to

market. i can then vary between 1 and 6.  

j = is an index of quality for the drug. In this example j can vary

between 1 and 5.
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pi = is a conditional success probabili ty that the project will enter

into the next phase. 1- pi then indicates the probabili ty that

stage i is the end stage for a drug that has reached stage i-1.

qj = probabili ty that the drug is of quality j.

DCFi,t = equals Development stage Cash Flow at time t given that

stage i is the end stage.

CCFj,t = equals Commercialization stage Cash Flow at time t for a

drug of quality j.

rd = is a discount rate for development cash flows

rc = is a discount rate for commercialization cash flows

T = Refers to the time at which all future cash flows become zero.

Based on the figure 8 above, the expected net present value can then be calculated in the

following way.
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The methodology should be quite straightforward, and will not be discussed in more

detail here. However, the rest of this section is reserved for the discussion about some

key variables of the model. The basic framework for new drug development process was

discussed thoroughly in chapter 2.5 and will not be repeated here. Instead, I will spend

some time with success probabili ties. After that some issues around biotech cash flows

(DCF and CCF) are discussed. In addition to the estimation and sources of cash flows,

the timing and the estimation period (T) are of special interest. Also some points
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concerning different scenarios (qj and j) are presented. Finally, a short introduction to

discount rates will be presented.

3.4.1 Success Probabilities

The key variable in this model is a success probabili ty. Each phase is given a probabili ty

of success; pi, which would mean that the project proceeds to the next stage. On the

other hand, a probabili ty of failure, 1-pi, would mean that the project is abandoned.

There are two ways to get these probabili ties: 1) to calculate actual industry/company

averages from the historical data or 2) to derive risk-neutral probabili ties according to

risk-neutral valuation that is based on the option pricing theory of Black and Scholes

(1973). Seppä (2000) introduces an interesting application based on risk-neutral

valuation where he derives success probabili ties from the ex-post values of the target

firm at each venture capital financing round. However, all these methods have some

problems.

3.4.1.1 Actual Success Probabilities

I have collected some examples of actual success probabili ties for each phase found in

the literature and used by some leading Nordic banks. It has to be recognized that these

estimates are not the only truth. But as far as I can imagine, these figures should provide

some kind of a benchmark of what they actually could be. All these estimates are

industry averages and it may be possible that they vary depending on the sub-sector.

However, any sector-specific estimates were not available. In spite of some variation, a

quick look at these figures gives a feeling of some consistency among the probabili ties.

Of these six probabili ty sets I have then calculated an average probabili ty for each phase

that will be used in my empirical analysis (see chapter 4.4.2).
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Table 7. Actual Success Probabilities
SOURCE R&D PRE P1 P2 P3 NDA
Ollila1 (2000) na na 70 47 75 80
Ollila2 (2000) na na 75 50 85 75
Gustafsson (2000) na 54 87 83 92 100
Rautiainen (2000) na na 70 30 80 na
Kellogg & Charnes (2000) 60 90 75 50 85 75
Nordea Bank (2000) na 45 65 45 70 90
Danske Bank (2000) na 40 67 50 75 75
Average 60 % 57 % 73 % 51 % 80 % 83 %

3.4.1.2 Risk-Neutral Success Probabilities

The concept of risk-neutral valuation was touched upon in general in chapter 3.3.3. Here

I want to present an interesting idea proposed by Seppä (2000) in his thesis. Seppä’s

approach is based on the assumption that the financing histories of ventures reflect the

value of the venture, which sounds relatively reasonable. He then derives the risk-neutral

probabili ties from these financing histories of ventures by using the formula:

qi = (1 + rfi)
ti * +

i

i

S

S
(8)

where qi is one-period risk-neutral success probabili ty

rfi is a risk-free interest rate

Si the value of the asset at time 0

Si+ the post-money valuation of the asset at time 1 implied by

the venture capital investments made into the company

The derivation of the formula is not presented here, as this method will not be applied in

this thesis. However, if the reader is more interested, I refer to Seppä (2000). He shows

that this method is clearly better than those based on the actual risk-adjusted

probabili ties. The problem with this method is, however, that the venture capital data

about all companies (e.g. biotechnology firms) is not easily available, which also

prevented me using this approach in this thesis. Another assumption that may restrict this
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approach is that this method gives valid results only when financing rounds of; for

example, biotechnology firms follow approximately the stages of the new drug

development process. This may not always be the case. However, theoretically this

approach provides an interesting platform for further studies.

3.4.2 Cash Flows

Another key element in the valuation is to estimate cash flows during the life of the

project, and especially when the product is launched into the market. The basic

discussion about estimating cash flows will be very limited. However, it is important to

realize that cash flow estimation should always be based on the dynamics prevaili ng in

any specific industry. Also in the case of biotechnology and pharmaceuticals there are

several issues that are typical for the industry, and consequently special attention should

be paid to those. As was ill ustrated by figure 8 and the equation 7, there are usually two

types of cash flows; those that occur during the long development process (called as

development stage cash flows, DCFs) and those that occur when the product is possibly

launched to the market (called as commercialization cash flows, CCFs). It is important to

realize that even though most of the DCFs are negative, there are also several sources of

revenues that might be relevant during the development stage. These will be mentioned

later in this chapter. What comes to CCFs, also those can vary, as they may consist of

pure sales revenues as well as of royalties expressed as some percentage of sales. These

are discussed starting from chapter 3.4.2.2. However, before that the estimation period

and related issues are covered.

3.4.2.1 Estimation Period Based on the Product Life Cycle and Patent

Protection

As it is highlighted in the previous sections, patenting is the dominant feature in the

biotechnology industry (chapter 2.3.1). In order to survive in this field it is important to

get patents for company’s main inventions and products. This patent protection, that

usually lasts about 20 years, guarantees a high monopoly for a company during that

period. On the other hand, after the first patent expiry in the same drug class, generic

drugs (copies to the drug that lost its protection) will enter the market very quickly. In
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consequence, all members of that drug class will be priced as commodities, which results

in the reduction of the effective product life cycle (PLC). (Gustafsson 2000) This

dynamic certainly has an influence on the cash flows the company is able to generate.

Based on the discussions with experts, it seems that the cash flows that can be allocated

to the patent period follow quite a stable pattern and can then be estimated relatively

easily. Another major effect caused by patenting is; however, that a cash flow stream

after patent expiry declines fast and is not usually included into calculations. In other

words, there is a strong separation into the patent period and into the after-patent period,

and further when a patent expires, the product is considered dead.

The figure 9 below summarizes the evolution of a typical biotech project from a cash

flow perspective. It must be noted that the absolute years or cash flows in the figure are

not intended to represent any exact industry averages. Instead the figure should give a

simplified view of the subject. Some key issues are included in the presentation: 1) an

early research takes several years, but 2) it is still not as expensive as is the late clinical

(especially phase 3) studies. However, if the product succeeds to enter the market, 3) the

penetration is usually expected to be relatively fast, which also causes a project to break

even fast. 4) A stable period of x years follows then. 5) Finally, as the patent expiry

comes closer the project’s cash flows start to decline, and 6) at the expiration they are

actually expected to fall very fast.

Another important aspect ill ustrated in the figure is that a patent period (usually 20

years) does not mean that a company would have the whole 20 years time to market the

product under protection and get CCFs discussed earlier. This is because of the fact that

often the key substance or target is patented already in the pre-clinical stage of the

development process. So called effective patent period is always considerably shorter

(Danske Securities, 2001), which in turn creates considerable pressures for the

companies to keep prices of these products at high levels to guarantee a break-even and

profitabili ty also within this shortened marketing period.
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Figure 9. Biotech PLC and Cash Flow Structure for a Typical Biotech Project

As we know, the determination of terminal value is normally based on a growing free

cash flow perpetuity formula (Copeland 1996, 288). However, the main difficulty with

this commonly used perpetuity cash flow assumption is that businesses cannot necessarily

sustain the same level of profits and cash flow over a very long period of time. It might

be more realistic to assume a certain pattern of growth rates and returns over some

specified period beyond the planning horizon and to calculate a residual value based on

the resulting discounted cash flows (Reimann, 1987). The special feature of limited time

horizon based on biopharmaceutical PLC and patenting also implies that these

assumptions of certain constant cash flow streams or constant growth rate in the future

after the forecast period are not relevant in case of biotechnology or at least they should

be modified.

Related to the discussion above figure 10 ill ustrates a typical company that is expected to

start one project every two years. As these projects are expected to be kind of average

projects each, they all follow the same pattern introduced already in figure 9. The
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ill ustration below does not take into account the time value of money or the fact that not

all these projects ever succeed. Instead, there are a couple of other interesting aspects

that can be seen from figure 10. First is the momentum effect that is created by having

several projects in the pipeline. In other words, during the first 15 years the company

actually makes even more losses, but after this period when products come to the

market, they may generate considerable profits. The high risk that is often mentioned

when biotech is discussed originates itself from the fact that when the success

probabili ties are taken into account, the high expenditure at the start does not guarantee

those high profits later in the future.

Another important fact shown in figure 10 is that if new projects are not started

regularly, a biotech pipeline is will finally face very daunting decline, which would

destroy also the value generating potential of the firm. The discussion of balanced

pipeline as well as the importance of projects at the beginning of the pipeline (in R&D

and Pre-clinical phases) is discussed in more detail in my empirical part (see particularly

chapter 4.4).

Figure 10. Sequence of Projects and the Effect on Total Cash Flow Structure
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3.4.2.2 Out-licensing vs. Own Sales

Another very important aspect that will affect the cash flow stream to a biotechnology

company is the strategy the company follows. The different strategies were discussed in

chapter 2.3.5. The most obvious division can be done into those firms that out-license

their projects and into those that actually have their own sales and probably also

manufacturing and marketing. According to interviews with some experts in the field,

most of the biotechnology firms, at least in Nordic countries, will follow the out-

licensing strategy, because they do not have enough resources to follow the FIBCO

model (Danske Securities, 2001). However, there are also signs that some companies

may actually try to go further in the value chain and pursue a FIPCO model, also

discussed in chapter 2.3.5.

Depending on the strategy, the revenues, costs as well as cash flows will vary. Typically

when the company out-licenses its projects, it gets some up-front payments, and then

milestone payments as the project proceeds, and finally royalties based on the sales of

launched product (see e.g. Biotie Therapies 2000). When a biotech company is also

responsible for marketing, it carries all the risk that is related to the final sales. This risk

is somewhat reduced when a company follows an out-licensing strategy, because in that

case the share of royalties (that is the most volatile of these payments) is smaller as part

of the revenue stream come in form of milestones, etc. that are due before any sales have

been materialized. It should also be remembered that with out-licensing a biotech

company gets rid of most of the manufacturing and marketing costs that are found to

cover 55 - 80% of total cost of the pharmaceutical product (Gustafsson 2000). Out-

licensing altogether declines the uncertainty concerning several items in valuation

spreadsheets, but at the same time it usually also means lower cash flows to a biotech

firm, as a considerable part of control is moved to a big pharmaceutical company.

3.4.2.3 Different Scenarios

We often see analyses that end up to a single figure knowing that the final realized

outcome is likely to differ from that estimate. Even the common sense says that one

would probably be better of if value intervals or different scenarios were used instead.
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One of the main propositions made by Gustafsson (2000), to improve current valuation

methodologies, is to use value intervals instead of point estimates. He also applies

scenarios in his case example. Also, Charnes and Kellogg (2000) propose the use of

scenarios as they apply the following categorization: They suggest that a drug reaching

the market would fall into one of five quality categories (see figure 8): dog (denoted as

S1), below average (S2), average (S3), above average (S4) and breakthrough (S5). In the

example of Kellogg & Charnes probabili ties of being in a specific category are 10%,

10%, 60%, 10% and 10% respectively.

Hodder & Riggs (1982) state that the traditional NPV criterion considers only the most

likely cash flow estimates and ignores the asymmetry of the pay-offs and thus understates

the project’s true value in situations in which future management actions can improve

profits or limit losses. So, what makes this issue important here is that the revenues

associated with each quality category are highly skewed (see figure11). This skewness is

further strengthened by the fact that for products falli ng to the dog or below average

categories the revenues would be insufficient to warrant post-approval clinical trials (see

chapter 2.5.). On the other hand, in the case of successful product these post-clinical

trials might lead to even increased sales and revenues. This categorization is, of course,

only one possible example, and it should be kept in mind that the use of different

scenarios have to be considered case by case.
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Figure 11. Scenarios and the distribution of cash flows
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pattern can be seen in figure 9, where the penetration stage is followed by the steady

stage and finally by the decline stage.  In addition to penetration, there is also a question

of the peak market share. That may be hard to estimate in advance, but some help could

be provided by the data that is available about other known competing projects in clinical

development. On the other hand, patenting dominates the market, which implies that the

peak market shares as well as margins are usually quite high as long as they are

protected.

One additional aspect in this case is that the total actual market is probably closer to the

potential market than in many other industries. This fact, of course, can be explained by

the critical importance of human’s health in general. In economic terms, this means that

the price elasticity of drugs and medical products is often quite low. However, also in the

pharmaceutical market, not all patients are ever diagnosed or treated.

3.4.3 The Discount Rate

The selection of a discount rate in general depends on whether the NPV is meant to

measure the profitabili ty of the project in comparison with other investment

opportunities or with the cost of investment capital (Copeland 1996). The problems

around estimating the correct discount rate have already been discussed, for example, in

chapter 3.1.1.

Risk-Free Discount Rate

Risk-free interest rate can be used if there is no uncertainty involved in the cash flows or

if the investor is risk-neutral (i.e. uncertainty does not matter). The risk free rate was also

applied in the discrete binomial lattice example earlier in chapter 3.3.3.  Usually the rate

for ten-year U.S. Treasury bonds is recommended as the best estimate for the risk-free

rate (Copeland 1996).

Risk-Adjusted Discount Rate

However, usually there is uncertainty involved in the cash flows and the investors are

risk-averse (i.e. uncertainty is avoided). In this case, risk-adjusted discount rate is used,
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which means that some risk premium is added to the risk-free rate. If a risky asset is

traded in the market, it is relatively easy to identify the opportunity cost of capital based

on a comparable security with equivalent risk. However, if the asset is not traded in the

market, as is the situation with most R&D projects, there is no market data to utili ze. In

this case, the risk and its implied discount rate have to be obtained through subjective

evaluation and thus the selection of the risk-adjusted discount rate remains somewhat

arbitrary.

The model 8 presented above, uses two different discount rates; rd for DCFs and rc for

CCFs. Also in this framework rd is likely to be difficult to estimate and the question still

remains, if it is appropriate to use the same rate during the whole development process,

even though that accounts for only a part of the total estimation period. rc might be

easier to define, as some market information concerning CCFs should be available.

When a discount rate for the corporate cash flows is estimated, weighted average cost of

capital can be used. This implies that all the claimants (e.g. creditors and shareholders)

expect to be compensated for the opportunity cost of investing their funds in one

particular business instead of others with equivalent risk. As these approaches should be

quite well known among readers, they are not given more space in this thesis.
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4. Valuation Based on Key Value Drivers

4.1 Biotech Company as a Portfolio of Projects and Intangible Assets

As it is shown in this thesis, it is basically relatively straightforward to value one

biopharmaceutical R&D project and several methods are available. However, a firm

usually has several projects going on at the same time, which makes valuation of the firm

more complicated. The reason for that is the fact that the incremental value of an

additional project (or option), in the presence of other projects (or options), generally

differs from its value in isolation, and that it declines, as more options are present

(Trigeorgis 1996). Also Laamanen (2000) suggests that a growth option value as the

sum of individual growth opportunities provides a highly optimistic value. The nature of

such interactions and the conditions, under which they may be small or large, as well as

negative or positive, may not be trivial. This is probably the reason why there are

currently no widely used approaches that take project interactions, uncertainties and

contingent decisions into account. The analysis of project portfolios clearly demands

more research.

Some project portfolios may actually destroy value, while in other cases synergies may

exist and these can make up a considerable part of the value in a firm’s project portfolio.

Even though these highly intangible assets are often difficult to identify and value, they

should not be ignored. General discussion and approaches to measure and value

intangible assets is well presented and summarized by Partanen (1998). However, the

literature is generally quite scarce and approaches are often quite theoretical and difficult

to communicate in practical situations. The remaining part of this study will l ook at how
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markets value firms with certain features that are relevant in biotechnology. It should be

kept in mind that this study is not supposed to be exhaustive in nature. However, in spite

of the constraints (e.g. the lack of data and theoretical background), this study should

give some new insights into the field and thus help us to understand what explains the

current valuation of biotechnology firms.

As I have discussed throughout the thesis, the nature of biotech companies is very

different from that of many traditional companies, and as a consequence it is likely that

normal valuation approaches are also inadequate to measure the relevant value.

However, traditional measures are applied in practice, but that does not mean that there

was not a need for new approaches (e.g. Danske Bank and Finnish Bioindustries). In this

section the focus is on finding mainly non-financial variables that could explain the value

of a company that does not fit in to the traditional valuation framework.

A good example of this issue is provided by Shevlin (1996) who discusses about the

value-relevance of non-financial information in his article. Even though he concentrates

on cellular phone companies he also mentions biotechnology and argues that non-

financial measures are likely to be particularly important in high technology, high-growth

sectors of the economy. Interestingly, Shevlin concludes that the financial accounting

information is only value-relevant after the inclusion of the non-financial information.

However, the non-financial information is value-relevant both by itself and incremental

to the financial information. This is in line, for example, with Gustafsson (2000) who

concludes that both quantitative financial as well as qualitative measures should be used

together to value biotech companies.

Here I want to clarify that this study will mainly concentrate on non-financial variables

instead of the comparison between different non-financial and financial variables.

However, as was highlighted by Shevlin, non-financial information alone could be able to

explain the value of many high-tech firms. The next chapter will l ook at some previous

studies that focus on biotech companies and their value-relevant non-financial variables.

After that the focus will shift to the empirical part including hypotheses and chosen

variables.
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4.2 Previous Studies

4.2.1 Individual Investment Opportunities and Exercise Capacity

Laamanen (2000) provides an interesting study that tries to develop the existing

methodology for combining the interdependencies between individual investment

opportunities and the valuation analysis. He also discusses about the concept of exercise

capacity, as technology-based firms usually have more attractive growth options than

what they are able to exercise. In more detail, the most common constraints are the time

needed for fund raising, the amount of funding that the company is able to raise, and the

personal needed to work on the investment opportunities.

Even though the methodology used by Laamanen is beyond the scope of this thesis, a

couple of general propositions should be mentioned here. First, the number of investment

opportunities is denoted as N and from these the firm has an option to undertake M,

determined by the exercise capacity of that firm. Then, when M is small or N is large,

increasing N contributes relatively little to the overall option value of a company’s option

portfolio, while increasing M can contribute significantly to the option value.

Consequently, both N and M affect the overall firm value. So, the key question here is

how much to invest in option creation (N) and in option exercise capacity (M) to

maximize a firm’s option portfolio value.

Another proposition provided by Laamanen is that firms in volatile industries and firms

that have longer-term R&D projects should have a proportionately larger portfolio of

opportunities in relation to the exercise capacity of the firm. This is in line with the

conclusions of Ollil a (2000) and the real option valuation approach: He proposes that in

biopharmaceutical R&D the development is started with more candidate molecules since

real option valuation sees additional value in them. However, the total number of

molecules in the pipeline stays the same, on average, as more projects will be abandoned

in later stages of development as a result of not exercising the option to proceed. This

finding of Ollil a might also be guided, in my opinion, by the exercise capacity of the firm

discussed by Laamanen.
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According to Myers (1977) the equity of the firm is in essence an option on the future

cash flows of the firm. Laamanen (2000) further suggests that these potential future cash

flows of the firm be separated into different cash flow streams that can be attributed to N

different investment opportunities. A very simply presentation of this was built also in

figure 10 in the last chapter, where project specific cash flows and a cumulative total

cash flow were presented. As equity holders bear most of the risk of these options

(Copeland, 1996), one might expect them to be as well informed as possible about any

firm in which they have an equity claim. Through this reasoning one might then expect

the market value of any firm to be the best estimate of the value of that option (i.e. the

equity of the firm).

4.2.2 The Value of Knowledge-based Alliances and Progression of Clinical

Trials

While the discussion about investment opportunities and exercise capacity in the

previous chapter is somewhat general in nature, this chapter will emphasize two more

specific and probably the most obvious factors that have an impact on the value of a

biotech firm: 1) alli ances and 2) success in clinical trials.

McNamara (1998) discusses about the alli ances and highlights new forms of alli ances, in

which knowledge and intellectual property rights are exchanged or co-developed and

exploited. In contrast, historic alli ances emphasized access to markets for products and

services, or the supply of downstream production and delivery systems. Since alli ances

play so important a role in biotechnology, he attempts to make a direct assessment of the

value of knowledge-based alli ances in terms of share price performance. The hypotheses

are tested in an event study among biotechnology firms quoted on the London Stock

Exchange. He argues that those employees and the knowledge that they generate (in

terms of patents, intellectual property rights and promising new drug candidate leads) is

these firms’ principle asset. He shows that R&D (knowledge based) alli ances in the

biotechnology sector can convey unique value added by the transfer or combination of

knowledge, which will be subsequently integrated and exploited.
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The main variables used in the study are the announcement of a knowledge based

strategic alli ance and the announcement relating to a significant discovery or progression

of discoveries (critical clinical trials, etc.) Interestingly, the cumulative effect of

announcements on the share price is assessed over a longer period, instead of assessing

the effect of single announcements in a narrow window. Findings from this analysis

suggest that the most highly valued announcement is that of a prestige alli ance, next

comes the announcement of a success in phase III trials and third are other

announcements such as regional collaborative agreements or trial successes in earlier

phases of the development process (see chapter 2.5.) In other words, this study shows

that the progress in terms of clinical performance is an important variable when

evaluating biotechnology firms. Another even more important variable emphasized here

is alliances with strong partners.

Further support for McNamara and for my empirical study is provided by Greetham

(1998), as he lists some interesting benchmarks for a successful performance of a biotech

company. These are 1) receiving VC funding, 2) collaborating with a partner, 3)

conducting a successful IPO, 4) having a product candidate complete a successful clinical

trial, or finally 5) launching a product into the market. Some of these (like VC funding,

an IPO and collaboration) may actually act like indirect indicators implying that a

company is good in the eyes of public/some third party evaluation, while clinical trials

and final products could be considered as more direct indicators of performance. These

measures might be more valid in the case of biotechnology valuation, as there usually are

no products in the market and little if any positive cash flow for years to come and

consequently most traditional measures cannot be used to identify future survivals.

4.2.3 Explaining Innovation Output and Commercial Ties

Further, a research that provides interesting ideas about relevant variables in

biotechnology is offered by Shan, Walker and Kogut (1994). They discuss about the

cooperation between small start-up and large established firms and suggest that large

firms are less productive in R&D, but other resources of large firms support innovation

in affili ated smaller firms. The innovation output, measured as the number of patents



______________________________________________________________________________

Arojärvi, Olli . 2001. How to Value Biotechnology Firms: A Study of Current Approaches and Key
Value Drivers. Helsinki School of Economics and Business Administration.

73

granted to a small biotech company, is related to their cooperative relationships with

large established firms. This discussion is very relevant, because the degree of inter-firm

cooperation is found to be considerably intensive (see chapter 2.3.) and the dominance of

patents (i.e. innovative output) is high (Kuusi, 2000).

The study introduces several possible variables that might be related to the relationships

and innovation output that further has an important influence on the value of a

biotechnology firm. These variables are the following:

- Innovation output (measured as the number of biopharmaceutical

patents granted to a start-up)

- Commercial ties (number of start-up agreements with commercial

firms)

- Size (number of employees)

- Age (number of years since start-up funding)

- Public funding (dummy variable, indicating whether the company is

public or private)

- Research agreements (number of start-up agreements with research

institutions)

- Diversity (number of biotechnology sub-fields in which a firm is active)

- Network position (the degree of network activity)

In short, the results indicate that the relationships explain the number of patents, but the

patents owned by a company do not attract large firm relationships. Size has a significant

positive influence on the innovation output, while age and research agreements do not

have. Commercial ties are found to be dependent on public funding. Also network

position is positively associated with commercial ties.

This presentation of previous studies about key value drivers in biotech industry has

hopefully given an understanding of some issues in the field and the level where we are.

I will next turn into the discussion about my empirical work.
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4.3 The Use of Market Value, Relative Measures and Control Variables

4.3.1 Market value and B/P -ratio

My ultimate goal in this thesis, and especially in this fourth section, is to explain what

drives the value of top biotech firms in the USA. As a starting point I have collected the

market capitalization of the sample firms at one point in time (i.e. at the end of 1998).

However, in a cross-sectional study like the one presented in this thesis, explaining pure

market capitalization of a firm by several independent variables may not be the best

approach. This is because one might expect that there will be a clear correlation between

the firm size and most of the variables used here (e.g. a larger firm as measured by

market value probably has more projects, more R&D, more collaboration, etc.) In order

to alleviate this problem I have taken a natural logarithm of all these market values, as

this is a normal procedure with skewed distribution of absolute values. However, this

may not totally remove the problem, which further implies that instead of a market value

some other relative measure might be more appropriate.

There are several different multiples proposed in the literature that could be used in

relative pricing to control the firm size and explain valuations. These are especially price-

to-book (P/B), price-to-earnings (P/E) and price–to-cash flows (P/CF). Based on the

studies of Fama & French (1992), and later Harris & Marston (1994), book-to-market-

value relationship has a long tradition in finance and security analysis and they provide a

great support for this ratio as a useful measure of relative value. Another widely used

measure is, of course, price-to-earnings. Fairfield (1994) studies these two measures and

shows that P/E is a function of expected changes in future profitabili ty, while P/B is a

function of the expected level of future profitabili ty. What is also important, he finds that

P/B measure is in general more stable than P/E. In addition to these two ratios, price-to-

cash flows is supported, for example, by Brown & Reill y (1997), because it usually is

subject to less accounting manipulation than reported earnings.

Since biotech firms of today usually do not generate positive cash flows and have

negative (if any) earnings, P/E and P/CF measures are quite useless in this study.
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However, P/B ratio is possible to calculate even in the case of biotech firms. Or, actually

the inverse ratio of B/P (measured as total shareholders equity divided by market

capitalization) is often used. As a consequence, as this ratio is often recommended in the

literature, combined with the fact that the other two ratios are impossible to measure, I

will use B/P as a basis for my research.

The idea behind B/P measure is that the stock market prices securities on the basis of

economic, not accounting, values. A particular corporation’s stock will trade at a

premium (i.e. B/P is lower than 1) only when this investor-determined economic value

exceeds its accounting-based book value. (Reimann, 1987). This investor-determined

economic value, however, may not be easily found especially when prospects for firms in

question are really a big mystery. According to Harris & Marston (1994), future growth

prospects play a significant role in explaining book-market-value ratios. What then

determines growth in biotechnology is unclear. Presumably, there are several possible

variables that may contribute to growth and justify lower B/P values for some companies

compared to their peers.

4.3.2 Control Variables

Several “traditional” control variables that might explain B/P values of the biotech

companies are also used in the regression. I have chosen four general measures 1) total

assets, 2) revenues’ growth, 3) profitabili ty and 4) leverage. Total assets are measured at

the end of 1998. To be more precise, the natural logarithm of total assets is used.

Profitabili ty is simply the net income/loss in the same year. To measure growth,

compound annual growth rate of revenues (CAGR) during last five years is used

whenever possible. Using simply sales is not a relevant measure in the case of

biotechnology, as many of these firms do not have sales yet. However, most of the

companies have some revenues (e.g. from out-licensing and in the form of milestone and

up-front payments). Finally, leverage is a ratio between debt and total shareholders’

equity.
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Even though these more or less obvious normal measures are usually used to explain a

company’s value, my discussion throughout this thesis has been full of criticism against

that, suggesting that many of these traditional measures may not be able to explain the

value of biotech companies. Instead, I am interested in if there are some other industry-

related variables that might be better measures of value, and could be significant even

after the control variables presented above are included in the regression. The following

chapters will concentrate on the discussion about these biotech variables.

4.4 Hypotheses

Based on the discussion about industry dynamics (chapter 2.3.), critical success factors

(chapter 2.4.) and new drug development process (chapter 2.5.), as well as previous

studies and the data available, I will form several hypotheses for the project portfolios of

biotechnology firms. These hypotheses are then tested with a sample of about 100 listed

U.S. -based biotechnology firms.

I will focus on 4 particular areas in this empirical part. These areas are 1) company’s

focus vs. diversification based on projects and sectors, 2) pipeline balance, 3)

collaboration and 4) financial situation of a firm. Some critical areas, mentioned for

example by Rautiainen, are not relevant in this study: National policies and infrastructure,

for example, are left out, because the sample covers mainly US firms that operate in

certain bioclusters (e.g. California). Some areas are not included due to the lack of data

(e.g. data concerning personnel and patents).

4.4.1 Focus vs. Diversification

4.4.1.1 Sectors

As was proposed by Laamanen (2000), the firms in volatile industries and firms that have

longer-term R&D projects should have a proportionately larger portfolio of

opportunities in relation to the exercise capacity of the firm. However, he does not
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discuss whether this portfolio should be created across different sectors or inside one or

few sectors. One of the features of biotech sector is high uncertainty (see chapters 2.3.1-

2) that can be further divided into two categories: 1) technological uncertainty and 2)

research and development uncertainty (Porter et al., 1991). The first one refers to the

fact that the identification of the standard or dominant technology of the future is

problematic in emerging industries. The second type of uncertainty is closely related to a

new drug development process and refers to uncertainty about the results and the

progress of research efforts of a particular R&D project. According to Gustafsson

(2000), in biotechnology companies R&D uncertainty accounts for the major part of the

technological uncertainty. This would imply that the diversification across different

sectors is not as important as the diversification across several projects. However,

technological uncertainty also exists in the field, as we have not seen the revolution of

the biotechnology yet (Oliver 2000). As a consequence, the companies should find a

balance between a focus and a diversification of their projects and sectors.

One strategy would be to focus on one or few specific sectors and to accumulate

knowledge in this area and achieve synergies between projects. However, the

dependence on one technology or field of business in highly uncertain and dynamic

environment might mean higher risk, which market would take into account through

lower valuations. Alternatively a company could diversify across technologies and

sectors, which would lower risk and lead to higher valuations. However, diversifying too

much might push a company away from its core competencies and strategy and thus

threaten firm’s success (Gustafsson 2000). Also, a company’s exercise capacity might be

reduced through too much diversification, because a company is likely to be able to start

more closely related projects than totally different projects that do not include any

synergies. Despite some counter arguments discussed above I am of the opinion that

uncertainty about future direction of different sectors dominates and encourages biotech

companies to diversify across sectors. However, the trend of consolidation and focusing

may be a subject in the future if the field becomes more predictable and mature. Based on

the current situation the following hypothesis is formed:
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H1: Companies operating in several sectors have higher valuations than companies

focusing on one or few sectors.

4.4.1.2 Projects

Laamanen’s (2000) research about the amount of investment opportunities (N) and

exercise capacity (M) could be further applied to this issue. Laamanen finds that both N

and M affect the overall firm value. However, when M is small or N is large, increasing

N contributes relatively little to the overall option value of a company’s option portfolio,

while increasing M can contribute significantly to the option value. In my case one could

regard the number of sectors in which the company operates as N (investment

opportunities in general) and then the total number of projects in all phases and across all

sectors as M (determined by the exercise capacity of the firm). N was already included in

the hypothesis 1, while M could be studied by looking at the number of projects. It could

be argued that firms having more projects going on, could be valued higher due to the

higher number of options on the future, no matter in which phases the projects are.

Additionally, higher number of projects would mean broader pipeline, which might imply

a reduced risk of the total failure of the company.

H2: Companies that have more projects in the pipeline are also valued higher

4.4.2 Pipeline Balance

Pipeline balance should be recognized as a critical factor for any biotech company. This

concept is not just a theoretical word, but can be found also in practice. I think, what is

said in Medivir’s annual report (2000, 13), pretty well ill ustrates the view of any biotech

company:

“ Medivir is pursuing a well -balanced research portfolio comprising projects in early

and late pre-clinical research phases, and by striking a balanced project mix in terms of

technology risk and commercial potential, Medivir will achieve the optimal portfolio”



______________________________________________________________________________

Arojärvi, Olli . 2001. How to Value Biotechnology Firms: A Study of Current Approaches and Key
Value Drivers. Helsinki School of Economics and Business Administration.

79

The portfolio should have many projects at different stages of development. In other

words, the product pipeline should be balanced. (See for example; Rautiainen 2000 and

Gustafsson 2000). It is easy to understand the significance of a balanced pipeline from a

company’s perspective if we consider a company as a unit with indefinite life (i.e.

assuming a going concern –principle). However, the question that arose among experts is

why any investor would be interested in the stabili ty of the pipeline the company has. The

going concern –principle is probably considered also by investors, but even if this were

not true, the desire of constant flow of price triggers (i.e. value-relevant news from the

company) is mentioned as one explanation to this question (Danske Securities 2001). So,

the importance of pipeline structure or pipeline balance is often mentioned, but a clear

analysis of this cannot be found easily. What kind of a pipeline a biotech company should

have to maximize its value? And further, how could we measure a balanced pipeline.

These are the key questions I will focus on next, and this also is the area where I feel that

my contribution will be at the highest level.

4.4.2.1 R&D Projects

As biotechnology is an emerging field heavily based on R&D and innovations, it is

crucial for a company to have enough R&D projects at the beginning of the pipeline (i.e.

in R&D and pre-clinical phase). Also, taking into account the high number of

abandonment and failure of projects at the early stages of the drug development process,

a company should have a relatively large number of projects in R&D phase to secure a

balanced pipeline and to guarantee at least one success story. Consequently, one could

assume that the higher the number of R&D projects (in absolute or relative terms) the

higher the value of a company. The same pattern should follow in other phases, as it is

shown (e.g. by Greetham 1998) that only one of five products in clinical trials reaches

the market.

On the other hand, there are suggestions that the market may not value R&D as much as

we often may think. Hall (1993), for example, finds that the stock market’s valuation of

the intangible capital created by R&D investment has fallen precipitously during the
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1980’s. This study, however, consisted mainly of manufacturing companies and times

and dynamics may have changed after that. So, the following hypothesis is still formed.

H3: Companies that have a lot of projects in R&D phase are valued higher.

4.4.2.2 Products in the Market

The significance of successfully entering from one phase to the next one is discussed

throughout the thesis and was especially showed by McNamara (1998) in chapter 4.2.2

as he finds that announcements of successful clinical trials are important price triggers for

quoted biotechnology companies. Especially successful phase 3 was considered

important, which actually means entering to the NDA phase and has already a high

probabili ty of market launch. Moreover, the discussion about critical success factors in

the biopharmaceutical business (chapter 2.4) revealed the importance of products, both

products in the market phase and potential products (Rautiainen 2000). Also Gustafsson

mentions the quality of products as one of the key elements. As was discussed earlier, a

bio-product entering to the market has without exception a patent protection.

Additionally, in order to get a patent the product has to be (according to the industry

convention) considerably better than the existing ones, which further increase the value

of a product in the market.

There are several reasons why companies with launched products are in a good position

and might be valued higher: these firms 1) create cash flows and financing for new R&D

projects as well as for investors, 2) they have gathered experience from the projects at

later phases that can be utili zed in projects at earlier stages of development and 3) they

provide track record and proof of success, factors that are important for biotech firms

(Danske Securities, 2001). Additionally, according to the pecking order theory (Van

Horne, 1995, 307) internal financing is the most preferable form of financing, because

the cost of this kind of financing is the lowest. It is often also strategically important to

have cash-generating products in the market that provides funds for further R&D

projects. As a consequence, one could hypothesize that a balanced pipeline structure
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should also include products in the market phase and the more a company has launched

products in the market (in absolute or relative terms), the more valuable the firm is.

H4: Companies that have products in the market are valued higher

4.4.2.3 A Balanced Pipeline

It is true that some of the firms in the field are so young that they cannot have products

in the market. One might then expect these firms to have lower valuations than older

firms with accepted products. On the other hand, mature firms with a strong market

presence will be in trouble when patent protection expires, usually after 20 years, if they

do not have new products in the pipeline coming to the market. (Ernst & Young, 2001).

As was highlighted in chapter 3.4.2, after the patent protection period, several copies

usually enter the market and profits will decline (see figure 9). This calls for a balanced

pipeline that has projects in all phases (see figure 12 below). A following hypothesis is

formed:

H5: Companies that have projects in all phases ranging from R&D to market are

valued higher.

Figure 12. Balanced Pipeline -Simple Presentation
R&D PreClinic Phase 1 Phase 2 Phase 3 NDA Market

Project 1

Project 2

Project 3

Project 4

Project 5

Project 6

Project 7

Note: This is a theoretical presentation, where a company has at least one project in each phase. In the
empirical analysis only 6 phases will be used, because R&D and Pre-Clinical phases are combined
(phase called R&P) due to the availability of data.
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The hypothesis H5 can be regarded as the minimum requirement for an ideal balanced

pipeline. It is, however, quite a simple measure and does not take into account the fact

that in order to get one product to the market (on average) the company must have more

projects in earlier phases, because some percentage of the projects are actually

abandoned in each phase. Based on this fact the following hypothesis is formed:

H6: Companies that have more projects in the preceding phase compared to the next

one throughout the pipeline, ranging from R&D to market, are valued higher.

Also hypothesis H6 is quite a simple as the requirement is only that there are more

projects in the phases at the beginning of the pipeline compared to those at the market

end. However, nothing is said about the number of projects. In other words, how many

projects are actually required to get one product successfully to the market? To solve

this problem one could look at the success probabili ties for each phase of the new dug

development process. Some examples of these probabili ties were presented in the

chapter 3.4.1. It is good to remember that these estimates are not the only truth, but the

purpose was to give some kind of an idea of what those figures actually could be. Based

on that data I use one set of these success probabili ties (the average of the sample) to

calculate how many projects there actually should be in any phase to get one product to

the market. The following table 8 shows the results.

Table 8: Required Number of Projects in Each Phase Derived from Success
Probabilities
SOURCE R&D PRE P1 P2 P3 NDA MKT
Average success probability 60 % 57 % 73 % 51 % 80 % 83 % 100 %
Theoretical reference number 11,828 7,097 4,045 2,953 1,506 1,205 1,000
Actual reference number 12 8 5 3 2 2 1
Note: Theoretical reference number for phase T is calculated by dividing the theoretical reference
number of phase T+1 by the average success probabilit y for phase T (where T can be any phase between
R&D and MKT, and T+1 represents the phase next to T.)

These figures are then used as a reference when a pipeline balance of a company is

evaluated. As it can be seen the theoretical minimum number of projects in each phase is

usually not an integer. However, the number of projects cannot be reported like this.
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Even though this causes some inaccuracy in the calculations, it should not destroy the

overall value of the analysis. I overcome the problem simply by using the next possible

higher integer (i.e. if the theoretical reference is 1.33, for example, then I require that the

company has to have at least 2 projects in this particular phase to get regarded as a

‘balanced’.). This approach is demonstrated in figure 13. Based on the above discussion

the following hypothesis is then formed:

H7: Companies that have the required amount of projects (based on the theoretical

reference number) in each phase, ranging from R&D to market, are valued higher.

Figure 13. Balanced Pipeline -Advanced Presentation
R&D PreClinic Phase 1 Phase 2 Phase 3 NDA Market

Projects

Projects

Projects

Projects

Projects

Projects

1 Project

Note: This is a theoretical presentation, where the height of each project “box” represents a relative
amount of projects needed to get one product to the market. In the empirical analysis only 6 phases will
be used, because R&D and Pre-Clinical phases are combined (phase called R&P) due to the availabilit y
of data.
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4.4.3 Collaboration

One of the dominant features in this field is collaboration. As it is discussed earlier in this

thesis, networking and clustering belong to the critical success factors mentioned, for

example, by Rautiainen (2000). The division into commercial and research agreements is

proposed, for example, by Shan, Walker & Kogut (1994). However, only commercial

collaboration is found to be significantly important in their study. Additionally,

McNamara (1998) identifies knowledge-based alli ances as the most important price

trigger for listed companies. Backed by these and other studies in the field, I also want to

look at some interesting aspects around this subject, for example, whether the companies

that have relatively higher number of collaboration agreements are valued higher, or vice

versa.

4.4.3.1 Total Number of Collaboration Agreements

In addition to possible synergies in operations and R&D, McNamara (1998) talks about

beneficial collaboration that refers to the situation where there are clear financial rewards

in terms of milestone payments from the collaborator. Another advantage is that a major

pharmaceutical partner also validates the potential of a biotechnology firm’s knowledge

base in the eyes of the financial markets. Also Greetham (1998) lists collaborating with a

partner as one of the benchmarks for successful performance, because it indicates a good

company in the eyes of public/third party evaluation. As a consequence, the following

hypothesis is formed:

H8: Companies that have made more collaboration agreements are valued higher.

The “downside” of collaboration is less frequently noted. However, there are also risks

associated with collaboration, which might reduce company’s value in some cases. Ottoo

(1998), for example, states that even though the idea of these collaborative deals would

be to defray costs, spread risks and promote cross-fertili zation of ideas, also

miscommunication and mistrust often emerge among members. There is also evidence

suggesting that a significant portion of collaborations do not meet the expectations of

one or more of the participants. Actually collaboration can lead to a considerable loss of
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control and leakage of information and skill s that may result a loss of unique key

competencies. (Littler & Leverick, 1995). This should, of course, affect the level of

valuation also. However, the degree of collaboration in biotechnology sector would not

probably be so high, as it is in practice, if the latter one were true more often.

4.4.3.2 Project Specific Collaboration in General

It is important to note that the total number of collaboration agreements discussed above

can be higher than the total number of projects, because also other collaboration

agreements are mentioned in the data that are not specific to any of company’s projects.

However, each project can have only one collaborator at a time, which is often the case,

but there are also many cases when a project has not any collaborator. This raises an

interesting question whether there is a relation between a company’s value and a degree

the company has committed itself to project specific collaboration agreements. The

following hypotheses is formed:

H9: Companies that carry out their projects with collaborators more often are valued

higher than those companies proceeding without any partner.

4.4.3.3 Focused Collaboration

Further, the amount of unique partners is totally different from the amount of

collaboration agreements and the amount of projects, as the same partner can be a

counterpart in several projects. Based on the discussions with Finnish Bioindustries

(FIB), I am also interested in measuring if the focus on fewer collaborators is better than

spreading the agreements across high number of different partners. Focusing too much

might increase the risk, as a biotech company would be very dependent on one big

partner. On the other hand one might expect that there are large benefits from

collaboration with the same partner in many projects. Also discussions with some

Swedish biotech companies have shown that one good partner is often preferred to

several different, less committed partners. Further, as it is crucial for a small biotech

company that its partner is committed to a project, having several projects with the same

partner is then seen as a mean to increase the level of commitment from the big pharma

side. Consequently, the following hypothesis is formed:
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 H10: Companies that focus on fewer collaboration partners and collaborate with them

in several projects are valued higher.

4.4.3.4 R&D-based and Market-based Collaboration

Collaboration in general is certainly very important feature in this industry. However, it

would be even more interesting to study different types of collaboration agreements,

especially whether these are commercial or some other type (e.g. academic).

Unfortunately, very detailed data about this is not available in my sample. Still , some

research can be done as each collaborator is allocated to a one specific project in the

data. I suppose it is reasonable to assume that the degree of collaboration in those

projects that are in the market phase is more or less commercial by nature. Similarly,

when projects are in an early stage, the collaboration is probably more knowledge-based

(even though the ultimate goal would still be commercial), as was discussed also by

McNamara (1998) in chapter 4.2.2.

It is not very interesting to study the absolute number of market-based or R&D-based

collaboration agreements the company has made. The number of market- or R&D –

based agreements relative to the total number of agreements of a company follows

probably the distribution of the projects the company has. However, I would like to look

at if the company valuations differ in different situations depending on the share of

marketed projects that has a collaborating partner and that has not any. The same

comparisons are done at an early stage of a pipeline, as in some cases almost all the R&D

projects are carried with a partner, but in other cases these projects are carried in-house.

The connection of this aspect to valuation is then studied.  The hypotheses are:

H11: Companies that enter into collaboration agreements for marketed products are

valued higher than those companies lacking this collaboration.

H12: Companies that enter into collaboration agreements in R&D stage are valued

higher than those companies lacking this collaboration.



______________________________________________________________________________

Arojärvi, Olli . 2001. How to Value Biotechnology Firms: A Study of Current Approaches and Key
Value Drivers. Helsinki School of Economics and Business Administration.

87

4.4.4 Company’s Financial Situation

As it is discussed earlier, long time frames and high costs are typical features for a new

drug development (chapter 2.3.2), and despite the high capital expenditure, in most cases

the project has to be abandoned. Rautiainen (2000), for example, reports that it takes 10-

15 years and $500 milli on to develop a product from an idea to the market. Ollil a (2000)

reports similar figures, but both of these estimates are probably rather low than high.

This means that a capital requirement is one of the most critical factors in biotechnology

industry.

The problem of adequate financing is discussed broadly both at macro- and at company

level: for example Senker (1998) reports lack of venture capital in Europe as one of the

reasons why Europe has fallen behind the USA (chapter 2.2.2). The difficulty to finance

loss-making long-term investments is also discussed, for example, by Bingham (1993).

As was reported earlier, also Laamanen (2000) mentions the amount of funding that the

company is able to raise as one of the three constraints that limits company’s exercise

capacity. This kind of discussion gives a reason to assume that company’s financial

situation is especially critical factor in biotechnology industry. Consequently, this issue is

included in this study. I try to explain companies’ valuations through three aspects: 1)

company’s cash balance, 2) years until new capital/debt infusion is needed and 3) EPS

estimates, especially the trend of declining or increasing profit or loss.

4.4.4.1 Cash and EPS Trend

The first two are related to the fact that cash provided by equity holders is very

important to young biotech companies that may not be able to raise debt at reasonable

terms or at all. Additionally, the need for cash in these companies is high as was

demonstrated earlier in this thesis. EPS estimates are included in the study as earnings

changes are found to have significant explanatory power also for the biotech companies,

so that it is not clear at all that earnings are value-irrelevant for the biotech (Shevlin,

1996). The reason why EPS trend is used instead of single EPS estimates is that most of

these companies have actually negative earnings that may be difficult to interpret in a

price levels regression. On the other hand, the interpretation of a change in earnings is
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relatively straightforward (also when positive earnings change means actually a change

from negative to less negative) (Shevlin, 1996). The hypotheses for these measures are

then quite straightforward.

H13: Companies whose cash balance is high are valued higher

H14: Companies, who have more years left until capital shortage, are valued higher

H15: Companies whose EPS trend is improving are valued higher

4.5 Variables

Based on the hypotheses formed above and the data I have got I will i ntroduce several

variables that could be then used to test these hypotheses. It must be noted here that

from now on R&D and Pre-clinical phases are combined due to the availability of the

data. This combined phase is called R&P. The following variables are included in this

study:

SECT: is the number of sectors in which the company operates. This variable can then

range from 1 to 13. (These sectors are listed later in chapter 5.1)

PROJ: is the total number of projects the company has in its pipeline.

PIPE1: is a simple measure of pipeline balance focusing on the number of phases. If the

company has at least one project in a certain phase, then it gets a dummy variable of 1,

otherwise 0. PIPE1 is then the sum of these dummies and can range from 1 to 6. (i.e. if

the company has projects in all phases, its PIPE1 is 6).

PIPE2: is a measure of pipeline balance that focuses on the distribution of projects

among different phases. If the company has at least one project more in each preceding

phase compared to the following phase, then it gets a dummy variable of 1, otherwise 0.
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PIPE2 is then the sum of these dummies and can range from 0 to 5. (i.e. if the company

has enough projects in all phases, its PIPE2 is 5).

PIPE3: is an advanced measure of pipeline balance that focuses on the distribution of

projects among different phases. If the company has at least as many projects in a certain

phase as is required based on the average success probabili ties (see table 8 and figure

13), then it gets a dummy variable of 1, otherwise 0. PIPE3 is then the sum of these

dummies and can range from 0 to 5. (i.e. if the company has enough projects in all

phases, its PIPE3 is 5).

R&P: is the total number of projects in R&P phase.

R&PREL: is a relative measure that shows how big a percentage of all projects of a

company are in R&P phase. It is calculated as R&P/PROJ.

MKTDUM: is a binary dummy variable. If the company has products in the market,

then it gets 1, if not then 0.

MKT: is the total number of projects in market phase.

MKTREL: is a relative measure that shows how big a percentage of all projects of a

company are in the market phase. It is calculated as MKT/PROJ.

COLTOT: is the total number of collaboration agreements the company has made.

COLREL: is a relative measure that shows the proportion of company’s projects that

have a collaboration partner. It is calculated as the number of project based collaboration

agreements divided by the total number of projects. COLREL can then range from 0 to

1.

COLFOC: is a variable that measures to what degree a company is focusing on a limited

number of different collaboration partners. It is calculated as the total number of
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collaboration agreements divided by the number of unique partners. Higher COLFOC -

measure means then that the collaboration is more focused, while the minimum value in a

case of no focusing is 1.

COLMKT: shows the proportion of projects that have a collaboration partner in the

market phase (includes also NDA phase). It is calculated as the number of market -based

collaboration agreements divided by the total number of projects in the market.

COLMKT can vary between 0 and 1.

COLR&P: shows the proportion of projects that have a collaboration partner in the

R&P phase. It is calculated as the number of R&P -based collaboration agreements

divided by the total number of projects in the R&P phase. COLR&P can vary between 0

and 1.

EPSTRE: is a measure of EPS trend. If EPS is expected to improve in both years, the

company gets a dummy variable of 2. On the other hand, if EPS is expected to decrease

in both years, the company gets a dummy variable of 0. If the trend is not clear, the

company gets 1. (Note: here improving trend may also mean decreasing losses, not

necessarily just improving profits.)

lnCASH: is a natural logarithm of cash balance at the end of 1998.

YEARS: is a measure that indicates how many years the company is able to survive

(expecting the current spending level) without any new equity/debt infusion. This

measure is readily available in SG Cowen’s data set and is defined as cash/year 1998

estimated loss.
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5. Data

5.1 The U.S. Sample  –Pipeline Data

The data used in the empirical part is based on the Biotechnology Quarterly, January

1999, published by SG Cowen. It contains information about 100 U.S. -based

biotechnology firms. The data I have collected from this report includes several

interesting data points. At first, company’s name and market capitalization at one point

in time (at the end of 1998) is reported. Some other financial data that will be used in the

analysis include reported EPS for 1997, consensus EPS estimates for the years 1998 and

1999, cash and debt balance as well as years until capital shortage. The most important

and interesting data contains information about each company’s pipeline: in which

sectors they operate and how many projects they have in each phase and in each sector.

In addition, information about company’s collaboration agreements is collected.

Each project can be identified to be in one certain phase. The categorization of these

development phases follows mainly the division presented in the chapter 2.5, where the

new drug development process was introduced. One restriction is, however, that R&D

and pre-clinical phases are not separated in the data (as was mentioned earlier in chapter

4.5). This is a problem as these phases differ remarkably, but there is not any way to

make this differentiation. As a consequence, the term R&P (Research and Pre-clinical)
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will be used referring to the combination of these phases. So, the phases used in the

sample are R&P, Phase1, Phase2, Phase3, NDA and Market.

Some of the companies also report projects in phase1/2 and phase 2/3 that are kind of

subcategories in the new drug development process.  However, the number of these

companies/projects is small. So, to make the comparisons between firms more consistent

(especially for the purposes of PIPE1-3 measures), these cases are handled in a special

way: these projects are divided equally between the previous and the following phases

(e.g. between phase1 and phase2, if the phase1/2 is in question). And if the number to be

divided is not integer, the division is made by rounding, so that slightly higher proportion

goes to the previous phase than to the next phase. This is supposed to ill ustrate the fact

that successfully entering into the next phase is not certain in any case, even though there

is a high indication that it will happen when projects are in phase1/2 or phase 2/3.

In addition to the data concerning different phases, the data categorizes all the projects

into 13 different sectors that are the following:

- Autoimmune

- Biomaterial/skin/wound

- Cancer

- Cardiovascular

- Diabetes/obesity

- Genomics

- Hematologic

- Infectious disease

- Neurological

- Osteoporosis

- Respiratory

- Transplantation

- Other.
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5.2 Data for Control Variables and Relative Pricing

The data concerning total shareholders equity, total assets, revenues and debt is collected

from the files maintained by U.S. Securities and Exchange Commission (SEC).

Especially the 10-K form, that includes annual report information of the U.S. -based

company, is used as a source for this information. All these companies must file this

report with the Commission and the data should be highly reliable. For those 13

companies that are listed in the Nasdaq Stock Exchange but are not based in the U.S.,

the equivalent data is collected from the files maintained by the Nasdaq. The comparison

between the Nasdaq files and those in SEC shows that errors are very rare (almost non-

existent), which further increases the reliabili ty of the data.

There are 10 companies (10,2%) in the sample that have a fiscal year different from the

normal year that ends in December 31, 1998. As the market-based valuation, which is

examined in this thesis, is taken at the end of 1998, I have to estimate a company’s

situation at that time point by using the information from the annual reports in 1998 and

1999. These companies usually report in June/July. In these cases total revenues for 1998

are estimated by taking an average of the figures of 1998 and 1999. The same procedure

is repeated with previous years to get correct data for growth rate calculations.

This is a reasonable way to estimate the revenues if we can expect that the market know

all the information concerning the first half of the year. This is proposed by several

authors as they say that most of the earnings information is already reflected in stock

prices before the annual earnings figures are released due to the several sources of

information like interim reports and corporate earnings forecasts (LTA 1997, 483). It is

also assumed that a distribution of revenues is even during the fiscal year. What comes to

the estimation of assets and equity, the average of the 1998 and 1999 figures is used. I

regard that as a reasonable estimate as the level of assets and equity is usually quite

stable in these companies. It can also be seen from the sample that the changes in assets

are not significant.
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5.3 Limitations of the Data

In addition to some minor shortcomings in the data mentioned previously, I would like to

pay attention to few special issues here.

It is often said that market price may not correctly reflect the value of a company, as

investors may act irrationally. On the other hand, market price is often the only estimate

of value we have. Even though this problem is good to recognize, I would strongly argue

for the use of security’s market price as an estimate of the value. At least in the USA

relatively efficient markets could be reasonably assumed, where market prices adjust

quickly to new information (Van Horne, 1995, 52). Additionally, a market price could be

regarded as a consensus estimate of a huge amount of investors that have the claim on

the bottom-line of the company. As was discussed earlier, these investors have the

incentive to get all the relevant information as soon as possible and act accordingly. It

may be true that not all the sectors or companies are so well followed by the market.

However, I argue that the biotechnology sector has been very widely monitored during

these years. Finally, my data consists of the top-100 biotech companies in the USA,

which further alleviates this problem, as bigger firms are usually more actively traded.

It is good to remember that this data sample is not intended to measure company’s

performance across time, but is a sample of companies at one point in time. It could be

argued that some temporary short-time shocks might affect company’s value and cause

”misvaluation” . However, the market situation at any point in time should not matter,

because it could be assumed that all the companies are affected and consequently their

relative values should remain the same. In addition, in this particular case it can be seen

from the figure 2 in chapter 2.2.2 that the overall market situation at the end of 1998 was

very stable, as the “hype” had not started yet.

Finally, it is also important to realize that in many cases the valuation of biotech

companies is not likely to be based just on projects, but on proprietary technologies that

could be applied in many projects and even in different sectors (for different indications).

However, a consistent categorization and evaluation of different technology platforms
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(that are often unique) is not possible or would require a technical expertise that is not at

hand for the author. So, as the identification of single projects in particular phases and in

certain sectors is more realistic approach in this case, that will be used.

5.4 Summary Information and Descriptive Statistics

This part will briefly summarize the descriptive statistics of the variables used in the

analysis. In addition, some other interesting information concerning the company data

will be presented here. First the distribution of market value as well as profitabili ty of

these 100 biotech companies is shown below.

5.4.1.1 Market Values and Profits

In figure 14 we can see, how the market values of these firms are distributed in the

sample. Roughly, 30 of those fall into a category of USD 10 –100 milli on, while about

40 companies have a market cap somewhere between USD 100 and 500 milli on, and

again about 30 companies have a market value higher than USD 500 milli on, the highest

value being as high as USD 26,6 billi on (Amgen). A cumulative market value in each

category is also calculated, and as we can see, the top-3 companies have a joint market

value that is almost as high as the total market cap of all the rest of these companies. The

top-3 includes Amgen, Genentech and Biogen.

The distribution of profits and losses is ill ustrated in figure 15. It is not surprise that most

of the companies still make a loss also in the USA. However, there are 20 firms that

actually made profit in year 1998, and some of those profits are substantial. It should be

noted that there are three companies (Amgen, Chiron and Immunex) that are not

included in the graphical presentation, as their profit figures would distort the figure.

However, these companies are mentioned in the box up right.
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Figure 14. Distribution of Market Value

Figure 15. Distribution of Profit and Loss
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5.4.1.2 Control and Biotech Variables

Table 9 below shows the descriptive statistics of the four control variables used in the

analysis. It is good to note that a natural logarithm of total assets is used instead of

simple total assets, which make the measure more valid for the calculations, but the

descriptive statistics of that figure more or less uninformative. Maybe the most important

finding is the statistics concerning annual revenues growth rate: As we can see, the

growth among these firms is high (as expected in general). However, there is also a lot of

variation in that figure and it is important to remember that the low starting point (often

revenues of almost zero) probably can explain some of the highest figures.

The distribution of profits in the sample was already presented in figure 15. The same

story can be seen on the table below: even though the median profitabili ty is clearly

negative, the arithmetic average is clearly positive, which actually ill ustrates well the

situation in the biotech sector. In other words, most companies still make loss, but those

that are able to break even, may generate huge profits. The high risk/high possible

rewards –story really fits into the biotech scene.

Table 9. Descriptive Statistics of Control Variables
Variable Average Median Mode Std Min Max N
LnTA 4,4 4,2 na 1,2 2 8 98
CAGR 93% 42% 100% 269% -100% 2382% 98
PROF 13,5 -13,4 na 150,8 -156 986 98
LEVER 1,5 0,0 0,0 13,5 -18 131 98

The next table 10 summarizes the descriptive statistics of the suggested biotech variables.

As we can see, a biotechnology company, on average, operates in 3,76 sectors and has

13 projects in the pipeline. Naturally any company is active at least in one sector, while

the highest degree of diversification in this sample is 10 sectors, meaning that these

companies have projects in almost all-possible sectors that are identified in the data. The

smallest pipeline consists of only 2 reported projects, while the most extensive pipeline

has 39 projects going on. We also see from the table that the average company has 5,6
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projects in an early R&P phase, 2,43 FDA approved products in the market and has

made 10 different collaboration agreements with companies or academic institutions.

Financial data also shows some interesting points; EPS-trend is on average 1,18, which

implies that the performance of these biotech companies is expected to improve slightly

during 1998 and 1999. A natural logarithm of cash position is taken, which makes the

statistics less informative. However, it can be seen that cash balance varies considerably

in the sample. The same is true with survival years, the average being 5 years and 3

months, while the median time of survival is 3,5 years. Interestingly, these YEARS –

figures are relatively high in the USA, which might reflect the fact that more money is

raised in a single financing round compared to the situation in Europe where less money

is raised at a time, but more frequently (Finnish Bioindustries, 2000). Also, other

interesting data can be found in the table below.

Table 10. Descriptive Statistics of Biotech Variables
Variable Average Median Mode Std Min Max N
SECT 3,76 3,0 1,0 2,32 1 10 98
PROJ 13,01 11,0 8,0 7,56 2 39 98
R&P 5,60 4,5 2,0 5,11 0 27 98
R&PREL 0,42 0,4 0,0 0,27 0 1 98
MTKDUM 0,58 1,0 1,0 0,50 0 1 98
MKT 2,43 1,0 0,0 3,22 0 13 98
MKTREL 0,19 0,1 0,0 0,27 0 1 98
PIPE1 3,62 4,0 3,0 1,42 1 6 98
PIPE2 2,64 3,0 3,0 0,92 1 5 98
PIPE3 1,46 1,0 1,0 1,15 0 5 98
COLTOT 10,39 7,5 5,0 9,00 0 55 98
COLREL 0,50 0,5 0,5 0,28 0 1 98
COLFOC 1,31 1,2 1,0 0,36 1 3 98
COLR&P 0,45 0,5 0,0 0,36 0 1 98
COLMKT 0,39 0,1 0,0 0,44 0 1 98
LnCASH 3,91 3,8 3,2 1,11 0,7 7,3 98
YEARS 5,23 3,5 3,9 6,89 0,2 47,5 63
EPSTRE 1,18 1,0 1,0 0,71 0 2 85

As the pipeline measures developed in this thesis seem to be very interesting area, I will

take a closer look at the distribution of these measures in the sample. Figure 16 shows

what kind of PIPE1, PIPE2 and PIPE3 -measure values the companies in the sample get.
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As it can be seen, these companies do not meet the more demanding requirements of

PIPE2 as often as they meet those of PIPE1. The same thing is found between PIPE2

and PIPE3 variables. This is exactly how these measures are mentioned to behave. As the

figure indicates, the maximum value of PIPE1 is found in several companies. The highest

values (i.e. 5 and 4) for PIPE2 and PIPE3 are also found, but not so often. However, the

theoretical contribution of these measures should be kept in mind, when further studies in

the field are conducted.

Figure 16. The Distribution of PIPE1-3 Measures in the Sample

Note: the integer values for PIPE1 can vary between 1 and 6, while PIPE2 and PIPE3 can get integer
values between 0 and 5.
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5.4.1.3 Projects and Sectors

There are 1275 projects altogether reported by SG Cowen. Table 11 shows how these

projects are distributed across different phases. From the table it can be seen also what

percentage of companies has projects in each phase. Since these percentages are not even

close to one hundred, this implies that many of these companies are far from the ideal

pipeline structure that has projects in all phases. 43% of all projects in the dataset are in

R&P phase. On the other hand, 19% of projects are actually launched products. The

most popular phase reported is R&P, as 88% of the companies have operations in this

phase, which is exactly what one might expect based on the discussion in chapter 4.4.2.

Also the amount of companies having marketed products is surprisingly high, as 58% of

companies have launched products in the market. This is one indication of the fact that

biotech sector is already well established in the USA. However, there seem to be some

kind of gab between R&P and market phase. This is the case especially with phase3 as

only 7% of the projects fall into this category and less than half of the companies have

phase3 projects.

Table 11. Summary of Projects
Phase R&P P1 P2 P3 PLA MKT Total
# of projects 549 167 191 93 37 238 1275
 43% 13% 15% 7% 3% 19% 100%
# of firms in 86 69 73 47 23 57 98
each phase 88% 70% 74% 48% 23% 58% 100%

Table 12 summarizes the information about sectors. Here it can be seen how the projects

are distributed across different sectors and also what percentages of companies have

projects in each particular sector. As opposed to the previous situation, where phases

were studied, here the ideal situation is not necessarily that all the companies operate in

all the sectors. Interestingly two sectors dominate the market, cancer and infectious

diseases (if the category ‘other’ is excluded). Over 40% of all the projects fall into these

two sectors and clearly over half of the companies in the sample operate in both these

sectors.
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Table 12. Summary of Sectors
Sector Auto- Biomaterial, Cancer Cardio- Diabetes, Genomics Hemato-
 Immune Skin, wound  vascular Obesity  logic
# of projects 102 54 275 78 43 101 20
 8% 4% 22% 6% 3% 8% 2%
# of firms in 39 13 57 34 21 17 11
each sector 40% 13% 58% 35% 21% 17% 11%
        
Sector Infectious Neurological Osteopo- Respiratory Transplant- Other Total
 diseases  rosis  ation   
# of projects 259 81 15 34 36 177 1275
 20% 6% 1% 3% 3% 14% 100%
# of firms in 52 24 8 22 13 57 98
each sector 53% 24% 8% 22% 13% 58% 100%

6. Methodology

The methodology used in the empirical part of this study is presented below. However,

as I use normal correlation analysis and additionally OLS -regression analysis, not many

introductions are needed to these methodologies.

6.1 Correlations

The correlations between all the variables presented in the previous chapter are

calculated by using MS Excel software. The null hypothesis here is that the correlation

coefficient between two variables is zero, while the opposite hypothesis is that the

correlation coefficient is greater or smaller than zero. The statistics used to test the

correlation coefficient is a t-test with n-2 degrees of freedom. The significance levels of

99% (***) , 95% (** ) and 90% (*) are used.

6.2 Regression Analysis

In this thesis I will also use the multi-regression analysis that is based on the ordinary

least squares (OLS) method. The analysis is conducted with the help of MS Excel

software. All the regression models are of the following formula (Greene, 2000):
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where Y is a dependent variable

b0 is a constant

bi is a regression coefficient for control variable

bj is a regression coefficient for biotech variable

Xi is an independent control variable

Xj is an independent biotech variable

e is an error term of the regression

and 1 ≤ i ≤ n

1 ≤ j ≤ n

7. Results

7.1 Correlations

7.1.1 Correlations between lnMV, B/M and Control Variables

Table 13 shows correlations between lnMV, B/M and all the independent control

variables as well as the expected signs and t-values. The correlation between the two

alternative dependent variables, lnMV and B/M is –0.38 and seem to be statistically

significant at 99% level and the sign is logically negative, meaning that the higher market

value the lower B/M ratio and vice versa. Of the four control variables total assets and

profitabilit y correlate significantly with market value. Interestingly leverage and

especially revenue growth do not correlate significantly with market capitalization.

However, the negative sign of revenue growth might indicate that more established firm

Y = b0 + ∑(bi * Xi) +∑(bj * Xj) + e (9)
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with higher revenues but lower revenue growth might actually be valued higher. The

correlation between B/M ratio and different control variables is not significant in any of

these cases, which further raises the question, whether the B/M measure is as relevant in

the field of biotech as it may be in other fields. This is also the reason why also lnMV has

been kept in the analysis.

Table 13. Correlations between lnMV, B/M and Control Variables

7.1.2 Correlations between lnMV, B/M and Biotech Variables

Table 14 shows correlations between lnMV, B/M and all the independent biotech

variables as well as the expected signs and t-values. LnMV seem to correlate significantly

with many of these biotech variables, but not with all of them. No statistically significant

correlations between B/M and the biotech variables can be found, except in case of

PIPE1, where the correlation is significant at the 90% level. However, the signs in most

of the cases are as expected also with B/M, which further validates the analysis. The lack

of statistical significance may be a result of a small sample or the fact that book value

(measured as total shareholders equity) may not be so important factor in case of biotech

firms.

lnMV B/M
Variable exp. sign correl t-value exp. sign correl t-value
lnMV 1,000 - *** -0,380 4,022
B/M - *** -0,380 4,022 1,000
lnTA + *** 0,880 18,074 - -0,115 1,136
CAGR + -0,078 0,768 - 0,054 0,533
PROF + *** 0,520 5,958 - -0,066 0,653
LEVER ? 0,136 1,343 ? -0,056 0,552
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Based on the lnMV analysis, it looks like hypotheses 1 and 2 are supported. In other

words, diversification across several sectors (SECT) as well as the higher number of

projects (PROJ) is in line with higher valuations. Especially the hypothesis 1 is an

interesting finding as the theory gives strong arguments for and against diversification.

The number of projects is somewhat expected result. On the other hand, results like that

further increase the reliabili ty of the analysis.

Interestingly, the high number of early stage (R&P) projects (hypothesis 3) is not

statistically significant. Also a relative measure (R&PREL) is only weakly supported and

the sign is negative. This may indicate that even though research is without doubt

important for these firms, projects at the start of the pipeline are not taken into account

in valuations. Or even if they are included, they still account for a small proportion of the

total value of a firm due to the risk-adjustments done through success probabili ties.

As expected in hypothesis 4, companies having products in the market (MKTDUM), and

further the number of launched products (MKT), correlate strongly with market value.

Also when B/M is used these variables get relatively high values with expected signs

(even though not statistically significant). Again, the relative measure (MKTREL) does

not show any interesting results.

Hypotheses 5-7 (PIPE1, PIPE2 and PIPE3) that deal with the balanced pipeline concept

get strong support in this analysis. Especially PIPE1 and PIPE3 seem to correlate with

lnMV and the correlations are significant at the 99% level. Further, even B/M analysis

show some support for these hypotheses, and of these three variables PIPE1 is found to

be significant at the 90% level. This result is important and gives a reason to believe

that this new approach for measuring pipeline balance might be useful also in practice.

The number of collaboration agreements (COLTOT) and consequently hypothesis 8 is

also strongly supported (99% significance with lnMV and at least correct sign with

B/M). However, other collaboration variables (COLREL, COLFOC, COLR&P and

COLMKT) do not get very much support in this analysis (hypotheses 9-12). This may

imply that the variables created in this study are not valid to measure the phenomenon in
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question (which also is an important finding). Another possible explanation is, of course,

that these kinds of collaborations are not important for a valuation framework. One

exception from this has to be mentioned: interestingly, R&P-based collaboration is found

to be statistically significant at 90% level. Even though this result cannot be considered

very strong, it raises an interesting question, whether the market would consider

collaboration in R&P phase more important than in the market phase. The fact is that

market-based collaboration means usually shared profits between two companies, a

situation in which a small biotech firm could get royalties somewhere between 20-40%,

while the big pharma would take the rest (see the discussion in chapter 3.4.2).

Finally, all the financial variables (lnCASH, YEARS and EPSTRE) for the hypotheses

13-15 are supported by the analysis. Actually lnCASH and lnMV has the highest

correlation in the whole table (72,3%). Also YEARS and EPSTRE are statistically

significant, when market value is used as a dependent variable. When B/M is used, these

variables get the expected sign, but are not statistically significant.

Table 14. Correlations between lnMV, B/M and Biotech Variables
lnMV B/M

Variable exp. sign correl t-value exp. sign correl t-value
SECT + *** 0,329 3,414 - -0,088 0,862
PROJ + *** 0,489 5,499 - -0,078 0,770
R&P + 0,064 0,628 - 0,070 0,684
R&PREL ? * -0,191 1,903 ? 0,092 0,907
MTKDUM + *** 0,373 3,937 - -0,149 1,479
MKT + *** 0,464 5,128 - -0,133 1,312
MKTREL ? 0,163 1,623 ? -0,021 0,206
PIPE1 + *** 0,377 3,991 - * -0,196 1,956
PIPE2 + * 0,187 1,862 - -0,099 0,970
PIPE3 + *** 0,465 5,140 - -0,151 1,498
COLTOT + *** 0,456 5,008 - -0,056 0,554
COLREL + 0,098 0,969 - 0,101 0,996
COLFOC + 0,031 0,308 - 0,032 0,312
COLR&P + * 0,186 1,853 - -0,009 0,085
COLMKT + 0,152 1,506 - -0,061 0,602
lnCASH + *** 0,723 10,246 - -0,079 0,773
YEARS + ** 0,292 2,382 - -0,019 0,150
EPSTRE + *** 0,382 3,768 - -0,103 0,941
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Additionally, correlations between all the control and biotech variables are shown in table

16 in the appendix A. I do not see it meaningful to analyze these correlations any further.

However, the reader is encouraged to take a closer look at the figures in the appendix.

7.2 Regressions

7.2.1 Chosen Variables

In addition to correlation analysis presented above I will run OLS multiple variable

regression to look if any of these variables are found to be statistically significant.

However, the number of variables used has to be limited first. There are several reasons

for that: first, the initial amount of variables is very high, while the maximum number of

observations is only 98. Additionally, many of the variables those were presented in

chapter 4.5, are very closely related to or supplements for each other (i.e. they are

intended to measure the same thing). Finally, as I use Microsoft Excel to carry out my

analysis, the maximum number of independent variables has to be limited to 16.

Again, both lnMV and B/M ratio are used as a dependent variable in turn. I also

automatically include the four control variables discussed earlier. These are lnTA,

CAGR, PROF and LEVER. As I consider a reasonable maximum number of independent

variables to be 10, six biotech variables could be included into the analysis. The following

variables are left out because their correlations were not significant. R&P, MKTREL,

COLREL, COLFOC and COLMKT. In addition, YEARS and EPSTRE variables are left

out as the inclusion of them into the analysis would reduce the number of observations to

63 and consequently reduce the reliabili ty of the analysis.

Among the variables that still remain in the analysis I have chosen 6. These are PIPE1,

COLR&P, SECT, PROJ, MKT and lnCASH. As all three PIPE –measures basically aim

at answering to the same question of a balanced pipeline, I think it is reasonable to

include only one of these. As PIPE1 is supported by both lnMV and B/M in the
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correlation analysis and, as it should reflect several aspects of the pipeline, I have chosen

it as my main variable. In addition to that I have included at least one variable from each

of the four categories (i.e. COLR&P from collaboration, lnCASH from financial

measures and SECT from focus vs. diversification part). I have also included PROJ and

MKT because these are quite straightforward measures and are found to correlate

strongly with value in the previous analysis.

7.2.2 Results from the Regression

The regression coefficients for the chosen variables in both cases of lnMV and B/M are

shown in table 15. Additionally, expected signs, t-values and p-values are included in the

table. The regression gives two interesting results: first, of the traditional variables only

total assets (lnTA) has statistically significant explanatory power, while all the other

traditional measures do not seem to be able to explain value of these firms. Second, my

main variable, PIPE1, is still statistically significant at the 95% level when lnMV is

explained, even after the control variables are included into the regression, and seem to

show similar pattern (even though not significant) in a case of B/M ratio.

Other variables are not found to be statistically significant. However, some of the signs

are in line with expectations, even though the consistency is not as high as it was in the

correlation analysis. It is good to remember that in a complex situation like a biotech firm

valuation, any clear and straightforward results should not be expected easily. Finally I

want to emphasize that some other regression trials with different set of variables usually

give similar results, supporting the significance of PIPE1 as a key value driver for these

companies.
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Table 15. OLS Multiple Variable Regression
lnMV B/M

Variable exp. sign coefficient t-value p-value exp. sign coefficient t-value p-value
Intercept ? 0,374 0,964 0,338 ? ** 0,653 2,684 0,009
lnTA + *** 1,107 7,506 0,000 - -0,043 -0,465 0,643
CAGR + -0,007 -0,233 0,816 - 0,007 0,382 0,704
PROF + 0,001 1,270 0,207 - 0,000 0,457 0,649
LEVER ? 0,001 0,105 0,916 ? -0,001 -0,194 0,847
PIPE1 + ** 0,134 2,135 0,036 - -0,064 -1,636 0,105
COLR&P + 0,087 0,363 0,718 - 0,021 0,139 0,890
SECT + -0,016 -0,342 0,733 - -0,021 -0,697 0,487
PROJ + -0,015 -0,849 0,398 - 0,010 0,913 0,364
MKT + 0,029 0,912 0,365 - -0,018 -0,912 0,364
lnCASH + -0,054 -0,390 0,698 - 0,018 0,204 0,839
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8. Conclusions and Further Research

8.1 Summary of the study

This thesis concentrates on the issues around valuing biotech companies. The work is

divided into three different sections, first being a general introduction into the field of

biotechnology, while the second section aims at looking into the valuation of

biopharmaceutical R&D projects and companies. In the third section a thorough

discussion about non-financial key value divers for biotech companies is presented and

the discussion is validated through empirical testing of about 100 US –based listed

biotech companies.

In addition to theoretical discussion about traditional methods as well as real options

approach, I gather together some recent studies in the field. Several approaches have

been proposed, the most obvious being decision trees, discrete binomial lattices and

continuous models. However, there seem not to be consistent suggestion for one best

tool, as any of these could be used in biotech valuation depending on the situation. I also

extend the discussion and introduce a decision tree -like model based on the new drug

development process. The model should be easy enough to implement and use also in

practice. It also takes into account some of the key issues important for biotech valuation

–success probabili ties, cash flow estimation and scenarios as well as discount rates.

My focus in the empirical part is on four different areas: the discussion about a

company’s focus and diversification, pipeline balance, collaboration and company’s

financial situation. A natural logarithm of market value and B/M –ratio is used as

dependent variables, while four control and several biotech variables are tested as
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independent variables. Two main findings are that traditional measures (control

variables) do not have particularly good explanatory power, while a new measure for

pipeline balance seem to get support for the theoretical discussion in the empirical

analysis.

LnMV analysis supports the theory of diversification across several sectors. Additionally,

the analysis indicates that market might not give much value for early stage R&D and

Pre-clinical activities even though these are very important to a company. On the other

hand, companies having products in the market are valued higher. Further, a biotech

company having a balanced pipeline seems to be valued higher. Also, financial measures

used in the analysis show high correlations with the company value as expected. In a case

of collaboration, it looks like the total amount of collaboration agreements is important

to markets, but any other more specific collaboration measures are not found to be

significant.

B/M –ratio analysis does not provide statistically significant results in general. This may

indicate that B/M may not be correct measure as the importance of equity to these firms

may not be as high as it is in some other industries. Additionally, that also shows how a

complex issue biotech valuation is. However, even though the results in the case of B/M

are not statistically significant, the signs of most variables are as expected and then

support the analysis.

8.2 Suggestions for Further Research

As I have demonstrated in this study, the field of biotechnology is very diverse, and also

from financial perspective there are several issues to address. As the biotech valuation

related literature is scarce and the field is constantly developing, it should be easy to find

areas for further studies. The goal of this thesis has been very much to gather together

the valuation -relevant issues of biotechnology and generate a motivating platform for

further studies. However, in the future I would be happy to see more specialized studies
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concentrating on some special issue in the valuation model or in the area of key value

drivers.

What comes to the valuation model and its variables, one area of focus should be the

success probabili ties in the new drug development process. These probabili ties have a

significant effect on the bottom-line value of a company. However, the discussion here

has been focused on quite arbitrary and stable industrial averages. What is needed in

practice is a more dynamic approach to this issue that takes into account different sectors

and situations. In other words, a more sensitive approach to success probabili ties should

be developed that includes, for example, the effect of competition and the changes in it,

as well as the experience and knowledge generated in a certain company.

As it is highlighted also in this thesis, a biotech company is usually a portfolio of different

projects. So, it would be very important and interesting to address to the questions

around project interactions and portfolio effects. Additionally, the discussion about the

pipeline balance concept introduced in this study is encouraged to get more attention. I

believe that there are possibili ties for further developing the theoretical concept as well

as for testing it empirically.

What comes to the empirical study of key value drivers in biotech, it might be interesting

to do the same study with a bigger sample of companies and with new updated data

consisting of several years. Additionally, the empirical testing could be done among

European biotech firms only or as a comparison between the USA and Europe.

Finally, it would not be just interesting but also very useful for the existing small Finnish

biotech firms as well as other interested parties to conduct a study that uses venture

capital data. One area of interest might be the risk neutral approach for determining

success probabili ties by using the venture capital data. This idea was shortly discussed in

chapter 3.4.1. However, the availabili ty of this data may be a problem.
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