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The valuation of pharmaceutical companies’ clinical pipelines during various
development phases is a complex task. Traditionally, the valuation task is
conducted with models which are better suited for company valuation than the
valuation of clinical pipelines. The traditional valuation methods lack important
viewpoints and attributes to properly exploit current and past data associated
with the valuation process of clinical pipelines.

In this thesis, the traditional valuation methods are examined thoroughly,
and the associated discrepancies in the context of clinical pipeline valuation
are discussed. The main discrepancies have to do with the application of
historical statistics and probabilities to the valuation process. Furthermore,
the viewpoint from which the pipelines are examined, should be adjusted to
account for the treatment and condition specific attributes. Thus, various
improvements to the traditional valuation methods are proposed and an alternative
new thread-oriented method to properly conduct the valuation process is introduced.

The new thread-oriented valuation method is utilised to calculate the valuation
of a novel cancer treatment, currently in clinical development, with a project
name Clevegen. The valuation process is thoroughly explained and discussed
during the process. The results of the valuation process indicate that the new
method is able to mitigate some of the difficulties associated with the traditional
valuation methods, but is not able to completely liquidate them. However, the
thread-oriented valuation method does provide a viewpoint, which enables the
overall valuation process to be conducted with increased precision and accuracy
and may therefore be considered an improvement when compared to the traditional
valuation methods in the same context.
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Lääketuotteiden arvonmääritys kliinisten kehitysvaiheiden aikana on haastava
tehtävä. Perinteisesti arvonmääritys on tehty sellaisilla arvostusmalleilla, jotka
soveltuvat paremmin yritysten kuin kliinisessä kehityksessä olevien tuotteiden
arvonmääritykseen. Perinteisiltä arvostusmenetelmiltä puuttuu tärkeitä näkö-
kulmia ja ominaisuuksia, jotta ne voisivat ottaa kunnolla huomioon nykyisen ja
historiallisen kliinisiin kehitysputkiin liittyvän datan.

Tässä diplomityössä tutkitaan perinteisiä arvostusmenetelmiä ja niihin liittyviä
epäjohdonmukaisuuksia kliinisten kehitysputkien kontekstissa. Suurimmat epäjoh-
donmukaisuudet liittyvät siihen, kuinka historialliset tilastot ja todennäköisyydet
otetaan huomioon arvostusprosessissa. Lisäksi sen näkökulman, josta kehitysputkia
tarkastellaan, tulisi ottaa huomioon hoitoon samoin kuin tautiin liittyvät ominai-
suudet. Työssä ehdotetaan useita parannuksia perinteisille arvostusmenetelmille ja
myös kokonaan uusi vaihtoehtoinen arvostusmenetelmä, joka huomoi aiemmin
ehdotetut parannusehdotukset.

Tapaustutkimuksena käsitellään vaihtoehtoista arvostusmenetelmää uudenlaisen
syöpähoidon arvostuksessa. Tuo syöpähoito on tällä hetkellä kliinisissä tutkimuk-
sissa ja on projekti nimeltään Clevegen. Arvostusprosessi ja sen ominaisuudet
käydään seikkaperäisesti läpi diplomityössä. Tutkimuksen tulokset indikoivat, että
ehdotettu vaihtoehtoinen arvostusmenetelmä pystyy lieventämään joitakin perin-
teisiin arvostusmenetelmiin liittyviä haasteita, mutta ei poista näitä kokonaan.
Työn johtopäätöksenä uusi arvonmääritysmenetelmä mahdollistaa sen, että koko
arvostusprosessi voidaan suorittaa suuremmalla tarkkuudella kuin perinteisin me-
netelmin olisi mahdollista ja siksi sitä voidaan tässä kontekstissa pitää askeleena
eteenpäin kohti tarkempaa arvonmääritystä.

Avainsanat: Bioteknologia, Arvonmääritys, Valuaatio, Faasi
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1 Introduction
In recent years, the valuation of companies with no tangible products has been a
hot topic in the financial sector. These companies base their valuations merely on
future potential, rather than on their current assets or financial results. This shift
from traditional valuation towards valuing the future has caused the old valuation
methods to become increasingly obsolete.

Traditionally, companies are valued with regard to their current assets and
products. These products have already generated sales and have a certain growth
trajectory by which the future expense and revenue streams may be forecasted. The
forecasts of existing products are considered generally accurate and therefore the
valuation of the company is easier to derive. However, the valuation scheme becomes
increasingly challenging if the company has not yet produced any sales or anything
that could generate sales in the near future.

The global pandemic caused by the COVID-19 has functioned as a catalyst
for biotechnology companies to accelerate their research and development (R & D)
operations, in order to minimize the casualties caused by the pandemic. Generally,
the R & D operations of these companies attempt to produce drugs and treatments
to cure, ease or heal various conditions. The outcomes of these R&D operations
play a major role for the future of these biotechnology companies. Especially, the
lifelines of clinical-stage biotechnology companies, with negative cash-flows and no
launched products to generate sales, are almost solely dependent on the outcome
of their R & D operations and their different phases. Usually, these clinical-stage
biotechnology companies possess massive underlying potential which, with current
knowledge, could disrupt the treatment scheme of a certain condition. Without the
disruptive potential it would generally not be possible for these smaller companies
to collect funding from investors and to continue operations. However, the funding
must be collected at a certain valuation, which leads to an important question. How
can the potential products of these clinical-stage biotechnology companies, with only
future potential to show, be valued accurately if the future is always uncertain?

Until the future of these companies and their developmental pipelines is known,
the valuation remains an approximation. Furthermore, as the eventual outcome
for these companies is basically binary (as in they either make it to the markets
with new disruptive products or not), the valuation may be somewhat referred to
the valuation of a coin toss. In a fair coin toss the result is either heads or tails,
and therefore the expectation value of the toss is approximately 50% of the reward.
After the result of the toss is known, the valuation becomes more accurate. This is
exactly the case with clinical-stage biotechnology companies as the probability of suc-
cess changes drastically depending on the outcome of each clinical development phase.

Moreover, in biotechnology, the probabilities of a successful coin toss or a clinical
phase in this case, may not be considered identical to one-another as they are very



2

much dependant on various attributes. Some of these attributes include the field
of study, need for a treatment and market potential. Furthermore, each treatment
may have potential to treat various conditions. These treatment and condition -pairs
have unique probabilities associated to them and should be considered separately
in terms of valuation. Also, with each clinical phase, the measurable outcome is
different, which further complicates the valuation of the expected outcome of the
clinical phase.

There have been various approaches and attempts with the traditional company
valuation methods to accurately value clinical-stage biotechnology companies. How-
ever, all these approaches have their own shortcomings, difficulties or underlying
assumptions which cause them to ultimately become obsolete for the valuation
purposes of clinical pipelines. One famous approach is the Real Options Valuation
method (ROV), which is very vague in its application and requires heavy mathemat-
ical computation [1]. Another approach is the Net Present Value (NPV) model or in
other words Discounted Free Cash-Flow model (DCF), which excels at simplicity but
lacks on several other important attributes such as taking into account for managerial
flexibility and changing market conditions [2]. Also, the DCF generally assumes
negative values for these start-up-like companies in the beginning of their journey
which, according to the model, should lead to project abandonment.

However, the attribute which causes the most imprecision and deviation in all
the current valuation methods, is the need for approximations. This is an inherent
quality with predicting the future and the only viable method to dilute this problem,
is the robust exploitation of current and past knowledge.

Intriguingly, the DCF model can be modified in an attempt to tackle the shortcom-
ings with the current valuation models [2]. By modifying the DCF to properly exploit
the historical statistics associated with not just a treatment in clinical development,
but each unique treatment and condition pair, the probabilities of success may be
more accurately implemented.

This thesis aims to modify the DCF model into producing the most accurate
valuations for the clinical pipelines of clinical-stage biotechnology companies by prop-
erly implementing the historical probabilities associated with each clinical treatment
condition pair. First, a literature review regarding the current clinical pathways to
the markets and the current biotechnology valuation methods are examined. Second,
the strengths and weaknesses of these methods are analysed and an approach to
tackle the weaknesses is introduced in the form of a modified DCF model. Third,
the introduced model is used to demonstrate the valuation of a real clinical pipeline.
Lastly, the demonstration and its results are examined.
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1.1 Background
Biotechnology as a field provides solutions to various human health conditions, such
as medicine for the flu, rehabilitative equipment after serious injuries or drugs to
treat cancer. Because of these inventions and solutions, the biotechnology companies
have become increasingly important. New conditions emerge continuously and vary
from the problems of the aging population structure to pandemics and other diseases.
For each condition there are often many solutions but logically the best solution or
product for a condition ends up collecting the biggest profits. The profits tend to be
massive for the winners.

Biotechnology companies require plenty of liquidity and financial capital to de-
velop the future products. For smaller biotechnology companies with little or no
income, this means that the funding must be collected from investors. The problem
for such companies is to determine the appropriate value for the issuable equity for
investors at each funding round, i.e., the valuation of the company, as the company
valuation cannot be traditionally accurately determined.

The valuation for listed companies is often derived using the market capitalisation,
which is determined by the markets. However, for a biotechnology company with
no released products, the market capitalisation is increasingly difficult to justify
and is based on the best guesses of the possible future cash-flows of the products in
development, i.e., the clinical pipeline.

The guesswork regarding the potential of a clinical pipeline is very time consuming
and requires lots of expertise in the field. Therefore, the valuation is often based on
the estimates of professional investment analysts. Notably, this leads to a problem
as the analysts must get paid for their efforts. For biotechnology companies with
no revenue, the analyst’s compensation might prove an unsuitable option and the
public interest tends to focus only on the larger companies with already operational
business structures and products.

The larger the market capitalisation or size of the company, the more public inter-
est it usually attracts and thus, the more analysts tend to analyse the company and
attempt to value the company’s product pipeline. Furthermore, institutional money
is mostly not interested in the less liquid and more volatile smaller companies, which
further causes distortions in the analysts interests and hence widens the valuation
gap between smaller and larger biotechnology companies.

For biotechnology companies with smaller market capitalization there might not
be any analysts following them or they analysis might be very subjective. This
phenomenon causes distortions and lags in the stock prices of smaller biotechnology
companies and thus generates possibly lucrative investment opportunities.

The aforementioned investment opportunities are often missed by the general
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public, because they do not generally value a stock accurately based on its potential
future cash flows. In order to effectively value a biotechnology stock and to exploit
the mispricing in smaller stocks, one has to consider various different factors. First,
the valuation has to be as real-time as possible, meaning that all the current infor-
mation with regards to the development pipeline of a biotechnology stock should
be taken into consideration. Second, the pipeline’s potential cashflows have to be
risk-adjusted based on various factors: the current development phase, competitive
products and pipelines, condition being treated, current market situation and the
need for a treatment.

Furthermore, in addition to the lack of analysts valuations, the existing valua-
tion methods are not very suitable for the valuation purposes of companies still in
clinical development phases. Perhaps this too is a contributing factor to the lack
of valuation attempts by the analysts, further highlighting the need for improved
valuation methods for clinical phase biotechnology and pharmaceutical companies.

Fama and French published a widely appreciated study in 1992 [3] which con-
cluded that smaller value companies tend to beat the general markets in terms of
returns. Fama and French use the term value companies to refer to companies
with steady cashflow and market position and with reasonable stock valuations.
However, the markets have changed since the study has been published and since
then growth stocks have had the tendency to beat value stocks in the stock mar-
kets. There are a few reasons for this. During the last decade the interest rates
have generally been at all-time lows around the world, making money very cheap
for investors. This has enabled company valuation multiples to rise as investors
have become more eager to discount future profits, especially for possibly market
disruptive growth companies. Simultaneously, the valuation multiples for value
companies have not been very low either, which has further accelerated investments
into growth companies as increasingly risk averse investors continue to seek for profits.
These disruptive technologies have acted as a catalyst to highlight the problems
with traditional company valuation methods towards more agile valuation approaches.

1.2 Problem description
Since the human genome was successfully sequenced approximately 15 years ago,
the number various compounds in development has increased by 62% and the total
research and development (R&D) expenses have more than doubled. However, the
average annual number of approved drugs by the United States Food and Drug
Administration (FDA) has been declining since the 1990s. [4]

The increase in development expenses and the decline in the probability of suc-
cessful end-results cause problems for biotechnology investors. Generally, it would
be beneficial for the investors to be able to evaluate the valuation of the investments
with precision and accuracy. However, to accurately value biotechnology investments,
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the most challenging parts of the valuation equation have to be solved: the valuation
of the clinical pipelines.

Currently, the valuation of a biotechnology company is derived with traditional
valuation methods, which are unsuitable to account for various important factors in
the clinical pipeline of the company. For example, the traditional Discounted Cash-
Flow (DCF) method yields negative Net Present Values (NPVs) at the beginning of
early stage development projects and such projects, according to the DCF method,
should never be initiated in the first place. Similar problems and discrepancies are
also found with other traditional valuation methods when applied to the valuation of
clinical pipelines, thus leading to distortions in the valuation results. However, the
distortions may be, to some extent, overcome with the addition of various factors
and adjustments in the valuation methods.

The most important, falsely interpreted, factor is the statistical probability of
success and failure during clinical development phases. Many valuation methods
and analysts attempt to take the probabilities into consideration, but lack a robust
systemic approach [5]. The probabilities are left with distorting residuals from various
viewpoints, which inherently falsify the pipeline valuation results. Moreover, the
probabilities of success must be adjusted, not just for the treatment, but separately
for each of the treatment and condition pairs. As an example, a cancer treatment may
prove to lack efficacy for a particular cancer, but for another more rare and deadly
cancer, with no treatments available, the efficacy may prove to be magnificent. With
the traditional valuation methods, this scenario would result in massive distortions
in the clinical pipeline valuations.

Furthermore, the historical probabilities of success during clinical development
have to be adjusted with regards to the reason of the possible failure. Historical
statistics generally include projects which have been abandoned during development
for the lack of economic viability, meaning that the development costs would out-
weigh the profits generated by the product, even if it were successful, and have hence
“failed” during development. Also, the probabilities tend to vary by a large margin
depending on the field of the treatment. For example, in haematology the success
rates from phase 1 are statistically five times higher than in oncology [6].

In addition to the discrepancies in the traditional valuation methods, in terms of
the clinical pipeline valuation, the traditional methods also rely heavily on approxi-
mations and assumptions. These valuation obstacles cannot be completely nullified,
but they may be to some extent overcome with systemic and in-depth approaches
to the various aspects of the clinical pipelines. Furthermore, the nature of these
approximations may be somewhat shifted towards a more controlled state with the
proper exploitation of associated historical statistics.

There are also other, increasingly minor, factors and considerations, which could
improve the valuation accuracy. These factors include the growth rate to peak market
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potential, patent length and discount rate. Each of these factors should be able to
improve the accuracy of the clinical pipeline valuation, when properly considered in
the valuation model.

1.3 Research objectives
The objective of this thesis is to examine the weaknesses related to the current
valuation methods in the context of clinical pipeline valuation in the pharmaceutical
industry. The development of new treatments is inherently a risky process and the
outcome is either a success or a failure. This thesis will focus on the valuation of
clinical pipelines before the outcome of the development process is known.

Furthermore, an important objective is to examine if the weaknesses with current
valuation methods may be improved with a new thread-oriented valuation method.
The method attempts to improve the traditional valuation methods by implement-
ing new attributes and considerations, but also views the clinical pipelines from a
new viewpoint, creating a more in-depth look into the clinical pipeline. Moreover,
historical statistics associated with the probabilities of success at each clinical phase
are thoroughly exploited in the valuation approach.

The proposed valuation method is examined and evaluated for its strengths and
weaknesses. The examination is conducted with a real-world clinical pipeline valua-
tion study of a developmental cancer treatment. The valuation process and its results
are evaluated in order to determine if the new valuation method was successful in its
attempt to improve the valuation accuracy of a clinical pipeline when compared to
the traditional valuation methods. Furthermore, the evaluation aims to determine if
the proposed valuation process is in fact an improvement to the traditional methods
or not.

The research questions may be phrased as:

– What are the weaknesses associated with the most common valuation methods
(discounted free cash-flow method, real option valuation method and risk
adjusted net present value method) used for clinical pipeline valuation in the
pharmaceutical industry?

– How may the weaknesses be overcome with a new thread-oriented method in
the context of clinical pipeline valuation?

– Is the proposed thread-oriented method indeed an improvement to the tradi-
tional valuation methods?

1.4 Structure of the Thesis
This thesis is structured as follows. In Chapter 1, Introduction, the topic is intro-
duced, and relevant background information is presented. Then the research problem
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is described and research objectives are examined along with the research questions.
Lastly, the structure of the thesis is explained.

In Chapter 2, the pathway of a developmental treatment throughout the various
clinical phases and all the way to the markets is introduced. The nuances related
to the valuation of biotechnology companies are examined and the most common
valuation methods, discounted free cash-flow method, real option valuation method
and risk adjusted net present value method are reviewed.

In Chapter 3, the challenges related to the implementation and accuracy of the
traditional valuation methods are discussed. Based on the discussion, an alternative
new thread-oriented valuation method is proposed and its components are examined.

In Chapter 4, the proposed thread-oriented valuation method is implemented
to a real-world clinical pipeline. The pipeline is examined in detail and the critical
components for the valuation purposes are extracted. The extracted components
are evaluated and implemented into the thread-oriented valuation method. The
valuation process is reviewed and examined in detail and a conclusive valuation for
the clinical pipeline is reached and presented.

In Chapter 5, the research and its results are analysed and discussed. The
valuation process is evaluated in terms of its strengths and weaknesses. Also, the
traditional valuation methods are discussed in relation the proposed new valuation
method. The subject is discussed thoroughly, and topics for future studies are dis-
cussed.



8

2 Theoretical substantiation and literature review
This chapter gives the necessary background for understanding the problem of the
thesis. First, the details regarding a novel drug’s pathway to the markets is introduced
and each development phase is explained. The nuances related to the valuation of
biotechnology companies are examined and the most common methods to valuate
the companies and their clinical pipelines are reviewed.

2.1 A novel drug’s pathway to the markets
A novel drug’s pathway from a discovery to a marketable product is in most cases a
very time consuming, risky and costly process. According to the research by Seyhan
(2019), the average time interval for a novel drug from discovery to the markets takes
more than 13 years and almost 95 percent of the drugs entering human trials end
up not reaching the markets [7]. Additionally, according to the National Institute
of Health (NIH), around 80 to 90 percent of research projects fail before they even
move on to the human trials and for further perspective, in the USA every drug that
has been approved for the markets has approximately a thousand failed development
projects. [7] During the time interval of 1995 and 2007, for a drug which has gained
supervisory approval in the United States of America, the development costs are
approximated at an average of 2.6 billion dollars per drug. [7]

Prior to the discovery of a possible new drug, a tremendous amount of research
and development has been conducted. First interactions with the new promising drug
are experienced in pre-clinical studies (in vitro), with the aim to determine the safety
and efficacy of the substance in question [8]. Tests are also performed with animals
(in vivo) to simulate the effect on organ structures and living systems. If the results of
the pre-clinical studies are of satisfactory level and the first dosing amounts for human
studies has been determined with a certain confidence level, the trial may then move
on to discuss for regulatory approval in order to gain access to first in-human trials [8].

The human trials are divided into various phases, which are examined in the next
chapters in greater detail. The clinical trials may be considered as a standardized
testing path in which all the mandatory boxes must be checked for the drug to
eventually become a marketable product. These clinical trials are the part of the
journey, where regulatory supervision and interaction increases considerably. Every
new drug is unique and human safety is naturally considered as a top priority.
Therefore, the interaction and analysis conducted in co-ordination with regulators is
crucial to reach an end result which eventually benefits the human population as a
whole.
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Figure 1: Illustration of a drug discovery and development process as originated by
academia in the United States [9].

Figure 1 illustrates the general R&D process of a novel drug, from basic research
to the market approval and the probabilities associated to the process. The illustra-
tion shows that the most new discoveries and development projects are likely to fail
during the development process.

Importantly, the illustration is derived from the data generated from the study
by Takebe et al. [9] during the years of 1991 to 2015. Takebe et al. [9] studied
almost 800 drug discovery projects and derived statistical probabilities of success
from the results of the projects. The data is collected during a long time interval,
which causes distortions when compared to the current probabilities of success as the
market situation and competition has become increasingly difficult. Furthermore,
the probabilities vary by a large margin depending on the field of study, functional
mechanism of the drug and other similar factors [9]. These factors are not sepa-
rately itemized in Figure 1, but should be taken into consideration in further analysis.
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The regulatory co-operation during clinical development is purposed to ensure
a standardized, ethical and efficient pathway to the markets for new drugs, while
simultaneously ensuring that the end-products are safe and the benefits of new
innovations outweigh the possible adverse events [10]. The regulators who supervise,
audit, and enforce the standards of development and access to the markets vary
geographically. In the United States of America, the supervisory body is called U.S.
Food and Drug Administration (FDA) and in Europe the European Medicines Agency
(EMEA or EMA). In 2009 the FDA and EMA together announced an initiative
called Good Clinical Practices (GCP), which is purposed to ensure that clinical trials
submitted in USA and Europe are performed “uniformly, appropriately and ethically”
[11]. This means that the same clinical trials should satisfy both regulatory bodies in
terms of Marketing Authorization applications in Europe and New drug applications
and Biologics lisence applications in the USA [11]. These two regulatory bodies may
be considered as the most important ones, since the development of novel drugs and
the business of pharmaceuticals is increasingly focused in these two geographical
areas. Each regulator has minor differences in their pathways and regulations, but
the efficiency, time of the pathway and exceptions from the standard and end-results
are very comparable and close to each other, because of the GCP [11].

2.1.1 Clinical development phases

The discovery of a potential new drug or treatment leads to various pre-clinical
studies which, if successful, lead to the first clinical studies with human volunteers.
These first-in-human clinical studies consist of at least three different phases, each
with its own purpose [8]. It is also possible to split the process into more than three
phases depending on what is thought to be a separate phase. However, the number
of phases does not change the roadmap to the markets for a new drug since all the
same checkpoints have to be measured, analysed and accepted.

Each clinical phase has a separate primary outcome, and thus the probabilities
for success vary significantly from one phase to another. An in-depth look into the
various clinical phases and the developmental drugs likelihood of approval (LOA) at
each clinical phase is presented in Table 1.
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Table 1: A summary regarding the likelihood of approval for drugs in various clinical
development phases [4].

Table 1 compares various large-scale studies regarding the likelihood of drug
approval at each development phase. Each entry in the samples represents a unique
drug in clinical development [4]. The data is gathered from the years of 1989 until
2011.

After each phase, the relevant regulatory bodies are presented with the data from
the trial, and they make the decision whether to continue with the trials and on to
the next phase or not [2]. However, a company may also abandon the development for
other non-regulatory reasons, which the table 1 does not distinguish from each other.
The different probabilities of success and reasons for abandonment are examined in
greater detail in the following sub-chapters.

Table 1 presents an important observation, as the probabilities for success have
steadily been decreasing during the measured time periods. This observation is in
line with the so called Eroom’s law, the opposite of Moore’s law for microprocessors,
which states that the cost of developing a drug and managing to get it approved is
doubling approximately every 9 years [8]. Seyhan states that if biotechnology as a
business does not experience changes, the average cost for a drug to get approved
in the year 2043 will be 16 billion. This is a cost that no inflation can explain,
and ultimately leads to the situation where only the most profitable drugs will be
developed, as otherwise the development process would count as charity [8].

Next we examine the general idea of different clinical phases, their purposes and
other important remarks to consider. The phases have various nuances depending
on the treatment and condition, but for this thesis it is not meaningful to examine
them in great detail. During the clinical phases it is considered beneficial to have a
continuous exchange of data and opinions with the supervisory organs to ensure that
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everything is conducted in a fashion which is safe and, in the end, satisfies also the
supervisors interests.

2.1.2 Clinical phase 1

Clinical phase 1 is purposed to evaluate the dosing level, frequency, means of admin-
istration, maximum tolerated dosing (MDS) and the possible side effects [8]. Phase 1
is also the first in-human dosing and therefore the safety of the patients is considered
to overall be the most important outcome of the phase. Storer defines the primary
goal of phase 1 as “Unnecessary exposure of subjects to sub-therapeutic doses while
maintaining safety and rapid accrual is the primary goal of Phase I trials” [12].

Usually, phase 1 involves a small number of patients or around 10 to 100 patients,
depending on the drug and treatable condition. Various dosing levels and frequencies
are tested with various patient cohorts to determine the optimal balance for safety
and efficacy.

The voluntary enrollers in phase 1 trials have usually far advanced conditions
and have exhausted the regular options of standard of care (SOC). Therefore, it
might be very beneficial for the enrollers to partake into the trial when no other
treatment option has proven to be effective. Condition-wise the upside is usually
much bigger for these patients than the downside. Of course, this is very dependent
on the condition in question, since for example patients with advanced cancer have
far less to lose than patients with lactose-intolerant conditions.

Seyhan [7] quite aptly states that Phase 1 and 2 (in addition to pre-clinical phase)
are part of the “Valley of Death” for new novel drug candidates. These are the
phases where basic science is transformed into human studies. As we have seen in the
previous chapter, the probability of advancing to phase 2 is historically approximately
65% and the likelihood of ultimately granting the drug access to the markets is 10%
at phase 1 [4].

2.1.3 Clinical phase 2

At phase 1 the focus was on the dosing, especially on the safety aspect and finding
the maximum tolerated dosing level (MDS). In phase 2 the emphasis moves on to
determining the most successful dose (MSD), which is determined by Mahan [8]
as “the dose which maximizes the product of the probability of seeing no toxicity
together with the probability of seeing a therapeutic response”. Phase 2 studies aim
to evaluate the efficacy and other benefits for the disease in question.

Phase 2 consists of larger study groups, or cohorts, than in phase 1. Phase 2
cohort size sits anywhere between 30 to 300 patients, which is again dependant on
various factors. During phase 2 safety assessments do still continue, but the area of
focus has moved on from safety to efficacy.
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This last part of “Valley of Death” determination by Seyhan [7] is the considered
to be the most difficult one to pass on from. If a trial is going to fail, it is statistically
most likely to do so in phase 2. The probability of failure for a general case is
approximately 67,6 percent [4]. The most common reasons for failure at phase 2 are
the lack of desired effect, or efficacy for the targeted condition. Moreover, the levels
of toxicity in patients present a notable threat as well. The benefits should in all
cases outweigh the disadvantages caused by the treatment. [8].

2.1.4 Clinical phase 3

After safety and efficacy has been determined there is a pivotal phase 3 which gener-
ally determines if a treatment is able to make it to the markets or not. Phase 3 is the
full-scale evaluation of the drug, where it is evaluated in comparison to the current
standard of care. This phase is usually the most time consuming and expensive of
all the phases [8]. The patient cohorts in this phase consist of anywhere from 100 to
3000 patients.

In order to further elaborate on the primary outcomes of a pivotal phase 3 study,
an example of a developmental cancer treatment is presented: Traditionally, the
primary endpoints of phase 3 cancer studies include the overall survival response
rate, time to tumour progression treatment failure and finally patient reported
conclusions and outcomes [8]. Overall survival is widely considered as the greatest
demonstration of clinical benefits and is often considered to be the most important
outcome of phase 3 [8].

Eventually, the data obtained from phase 3 is handed out to the supervisory
bodies for final conclusions and remarks on if the treatment is suitable to move
on to the markets. At this phase also the production of the product is measured
and determined if it satisfies a certain level of standard and stability. Phase 3 data
must be provided to the regulators before the drug may be approved and granted a
marketing license [8]. The probability of advancing from phase 3 is approximately
60% and the likelihood for eventual approval is already at 50 percent in phase 3 [8].
However, it should be noted that 10% to 15% still fail after a successful phase 3
study, as the data is determined to be of unsatisfactory level by the regulators [4].
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2.2 Biotechnology company valuation
Keegan [13] states that “valuation is as much an art as a science and is composed of
reaching a judgement regarding a company’s growth prospects and related financial
projections. As such it is a blend of subjective and objective assessments of all aspects
of the company” [13]. Thus, the objective of various modern valuation methods is
to determine the company’s current value in relation to its current economic status,
but also simultaneously taking into consideration the possibilities of the company’s
future operations. As it is impossible to forecast the future with certain precision, the
valuation methods rely partly on assumptions and generalizations to try to find the
balance between the current state of the company’s economics and various futures
scenarios with different risk levels.

Accurate valuation of a company provides many benefits for various stakeholders.
First and most obvious one is that the investors are able to trade the company’s
shares at a fair price. Second, the company is able to gather funding from the markets
at accurate price levels, thus enabling the operations to continue and evolve when
necessary. Third, accurate valuation enables the management team of the company
to assess various corporate actions, such as mergers and acquisitions or out-licensing
opportunities with other companies [13]. Also, when the valuation of the company is
considered high enough, the company is better protected against hostile take-over
attempts.

In addition to the basic valuation methods and theories, the real-world valuation
of a biotechnology company is often a combination of different factors rather than
just one theory and one answer. In the public markets, the value of a company is a
combination of various views from multiple different investors [14]. Some investors
tend to have a more positive outlook of the company and others view the company
from a more pessimistic angle. The balance between different investor opinions is
the most determining factor in the valuation of a public biotechnology company,
but the balance itself is very fragile and volatile, especially in smaller biotechnology
companies [14].

To determine, if a calculated valuation is in the correct scale and even remotely
accurate, the history of similar companies with similar products and other attributes
should be compared. However, even if the valuation is comparable to similar compa-
nies in the past and combined with the most robust and accurate theoretical models
the calculated valuation might differ a great deal from the real-world valuation of the
company. In the end it is possible that the company will have run out of funding and
released no products’, or that the company’s products unexpectedly will have cured
hard to treat diseases and made billions for the investors. However, both scenarios
have a certain probability of occurring.

Next, the traditional and most common valuation methods to value biotechnology
companies are examined.
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2.2.1 Traditional biotechnology valuation methods

The goal of the biotechnology industry is to transform various financial resources
into new drugs or treatments [13]. These financial resources need to be gathered to
the company at a certain valuation. For investors, the valuation needs to reflect the
risks and possible rewards that the company holds. But for a company, which at the
moment generates only expenses and may or may not have a functional product in
the end, the process of determining a correct valuation becomes increasingly difficult.
As it is impossible to accurately forecast the future, how can the valuation of a
company be accurate?

Clinical-stage biotechnology companies have few suitable valuation methods.
According to Ralph Villiger and Boris Bogdan [2] there are two principal methods to
value pharmaceutical projects and companies. Discounted Cash-flow model (DCF)
and real-options based valuation (ROV) [14]. In addition, there is also a third
common valuation method, which is a risk adjusted modification of the DCF model,
called rNPV [5].

Despite of the current valuation methods and models, it should be mentioned
that the products in clinical development have numerous different attributes and
characteristics, of which many are mostly unknown. These attributes and charac-
teristics play a major role with regards to the success of the products in clinical
development and thus to apply a single theory is often considered a mistake.

2.2.2 Discounted free cash-flow method

Discounted free cash-flow model (DCF) is a valuation model used to evaluate the
value of a company or an investment based on the free cash-flows it will generate in
the future. DCF was ranked as the most used valuation method in the European
biotechnology industry in 2010, according to a survey by Holmberg and Jeppsson [5].
It is considered easy to implement and understand valuation model, which relies on
a couple of assumptions.

DCF relies on the notion that the enterprise value of the company is the sum
of the company’s equity and debt capital. In this context, the enterprise value
represents the net present value of the company’s free cash-flows. Next, the steps
required to solve for the equation are examined.

1. Derive the expected free cash flow, which is generated by the company’s assets.
Figure 2 illustrates the process to conduct the free cash-flow calculation. The
steps lead to an important remark regarding the model, as many of the steps
must be based on approximations.
For example, sales, operating expenses, taxes, and capital requirements all
need to be forecasted and approximated to determine the free cash flow of the
company. This requires an in-depth understanding of the company’s operations.
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Figure 2: Free cash flow derivation starting from company revenue [15].

Also, the approximations should be compared with similar companies for further
confirmation of the scale.

2. Determine the enterprise value as the present value of the free cash flows. This
is done by using the company’s weighted average cost of capital (WACC) as
the discount rate [15] (or simply the required return on investment (ROI) [16]).
Usually, the free cash flows are forecasted for each of the first years of operating
and then a constant rate of growth is assumed as the uncertainty increases
with each iterated year. The following equation is the most common approach
to determine the present value.

NPV =
T∑

t=0

CFt

(1 + r)t
+

CFT +1
r−g

(1 + r)T
, (1)

where:

NPV = Net present value
CFt = Cash-flow at time t
r = Discount rate, WACC
t = Time in years
g = Assumed constant growth rate.

Typically, big pharmaceutical juggernauts use a discount rate between 8 to 12
percent. Smaller biotech companies carry significantly higher risk and therefore
use a discount rate at 20 to 50 percent [16].
Also, the cash-flows have different probabilities of occurring at different phases
of development. This arguably should be considered in the valuation.

3. Obtain the value of equity by deducting debt from the enterprise value.
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4. Lastly, the share price of the company may be calculated by dividing the equity
value by the number of outstanding shares.

2.2.3 Real option valuation method

According to the survey by Holmberg and Jeppsson in 2010, Real Option Valuation
method (ROV) was the fourth most used valuation method for biotechnology val-
uation purposes out of the 21 total methods [5]. Real options provide the right to
conduct a predefined business initiative [14]. They refer to real business initiatives,
such as expanding a factory or contracting a business deal. Real options help value
companies with no current revenue streams and can also be used internally to sup-
port company management’s decisions for example to valuate projects or acquisitions.

Real options differ from regular options by the fact that they are not typically
attached to an underlying financial security and are not traded as such in the markets
either. Basically, the underlying asset with real options is free cash-flow. [13]

Typically, real options are considered as most valuable when risk and uncertainty
is high in relation to the underlying business initiative and management has consider-
able flexibility in terms of navigating the underlying business initiative to a favorable
direction. The real options function in a way as business incentives for the holders.

However, biotechnology analysts typically consider the ROV as “too complex,
impractical and difficult to understand for most investors and management teams” [5].
Furthermore, even though the analysts would be able to understand the ROV method,
they would generally struggle to explain the valuation results to their investment
customers. Understandably, the customers and clients need to also understand the
valuation, which makes ROV basically obsolete in real world biotechnology valuation
applications [5].

2.2.4 Risk adjusted NPV

Risk adjusted NPV (rNPV) is the second most used valuation method after Dis-
counted Cash-flow method for biotechnology analysts in the European region in 2010
[5]. The method has many of the same features and functionalities as the traditional
DCF method. However, the difference comes from the fact that rNPV also takes the
associated probabilities of success into consideration [17].

Basically, the rNPV adjusts the probability of certain cash-flows occurrence in
the given period. The probabilistic approach enables the rNPV method to allow for
analysis of in-process developmental assets and their potential value in the future
throughout various development phases. Furthermore, rNPV method is very useful
in supporting the managerial decisions of when to raise capital from the markets, or
when to out-license/partner a certain developmental asset [17].
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With the probabilistic adjustments into the valuation scheme, the rNPV method
provides an obvious improvement into the predictive accuracy method when com-
pared to the more traditional methods, which are not able to effectively distinguish
the probabilities associated with different developmental products. However, the
rNPV method arguably has some weaknesses, which become apparent with a deeper
examination to the historical probabilities and statistics. Generally, the rNPV
exploits probabilities of historically similar products and development stages [17].
This instantly generates problems, as the historical probabilities are affected by
the economical potential of the product at a certain time and because projects are
often abandoned due to the presumed lack of economical viability. This economical
viability and it’s assessment are tightly related to the available knowledge at the
time, thus causing the historical statistics to be curved.

2.2.5 Earlier studies

In the past, there have been various studies into the application and suitability of a
variety of NPV methods and models to value biotechnology companies and to better
account for the vast risk-associations. The approach proposed by Woo et al. attempts
to create an improved version of the Risk-Adjusted Net Present Value calculation
method for valuing developmental technologies for the biotechnology industry [19].
Woo et al. manage to improve the evaluation of success rates for various drugs
and developmental fields by examining and analysing various datasets from public
data-sources, such as ClinicalTrials.gov and MedTrack DB [19]. This improvement is
significant in contrast to the traditional valuation models, but simultaneously leaves
other difficulties in the traditional models untouched.

The study by Woo et al. [19] argues that previous work, with the attempt to
improve the valuation methodologies of developmental clinical treatments, have
focuses only on the development period of the treatment or the attrition rate/point
of sale of the treatment [19]. The data in these studies has also been of limited
nature, which is an aspect Woo et al. attempted to overcome. Furthermore, the study
discusses and concludes that further improvements to current valuation methods
are needed, especially in the context of likelihood of approvals (LOAs) to properly
account for the field in question [19].

Shinho et al. [20] conducted a comparative analysis to evaluate and enhance the
value structure of pharmaceutical products in contrast to the common volume-based
approach. The study attempted to improve the R&D outputs of pharmaceutical and
biotechnology companies by conducting NPV, sales and product lifespan analysis.
The study presented significant differences in the valuations depending on the type
of the company and product development. Furthermore, the study advocates the
need for a segmented analysis based on the activities of individual companies and
emphasises the utilisation of value-based analysis of the products in development, an
aspect which further strengthens the view of in-depth analysis on the attributes and
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dependencies of developmental products. [20]

Strikingly, multiple earlier studies, with the attempt to improve the suitability
and accuracy of NPV based valuations to clinical-stage developmental products, have
been conducted. Many of these studies succeeded in their efforts to improve the
traditional valuation methods for these purposes. However, as the improvements
were decisively beneficial for the purpose, they only provided a partial solution to the
problem as none of the studies properly aggregated the valuation scheme cohesively
together. Furthermore, the studies also lacked some important modifications in their
viewpoints, which caused them to be misaligned for the purpose.
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3 Data and methodology

3.1 Challenges with traditional valuation methods
There are various problems related to the current numerical valuation methods for
biotechnology companies clinical pipeline valuations. The problem with the most
influence in pipeline valuations is two-fold: the probabilities related to each clinical
development phase are not properly implemented in the valuation methods and the
methods view the pipeline valuation from a completely wrong angle. Both factors
influence each other and may be viewed as a sort of an underlying web of dependencies
beneath the clinical pipeline valuation. The discrepancies associated with these two
major components of the underlying valuation-web are next examined further.

The probability component means the probabilities of success and failure at a
certain clinical development phase. Intuitively, this should be easy to implement
and interpret from historical statistics, but there are a few catches. The historical
statistics do not generally distinguish the reason behind a possible failure during
the clinical development phases. According to Villiger and Bogdan, approximately
30% of clinical projects are abandoned or “failed” during development for economical
reasons. This means that the costs of development outweigh the profits generated,
even if the products end up being successful [2]. More than 60 percent of all drugs
that are commercialized in the end experience peak sales of less than 100 million us
dollars per year. This is very important with regard to the success rates as it hints
that most projects that are historically involved in the success rates calculation have
quite modest sales potential [2]. This leads to a large distortion in the historical prob-
abilities of success for treatments with enormous market potential, i.e., the threshold
of economic abandonment is not considered a threat at any point during development.

Furthermore, the probability component consists of other necessary adjustments
as well, which are neglected in the current valuation methods. The probabilities need
to also be adjusted in terms of the field specific success rates. This is a factor, which
is generally considered by the valuation analysts, but not systematically included in
the current valuation methods. Moreover, the field specific probability adjustments
are closely tied with the other major component missing in the current valuation
methods, which has to do with the viewpoint from which the whole pipeline is
examined.

The field of the treatment, and also the probability adjustment, should not only
be associated with the abstract classification of the treatment and should instead go
a lot deeper into the treatment and condition specific fields and their probabilities.

As an example, a cancer treatment may have multiple cancers on which it has
adequate efficacy against. Some of the cancers have no current standard of care and
others have various safe and effective treatment options. Therefore, if the pipeline
valuation is calculated using only the probabilities associated with cancer in general,



21

the resulting valuation will not be accurate.

Some of the current valuation methods include the valuation of managerial intu-
ition [2]. This is a factor, which causes the probabilities of success to be adjusted
according to the management of the company and their best guesses. However,
even though the management of the company may be the best expert in the field,
their views may be biased. Furthermore, to quantify the managerial intuition in the
valuation of a clinical pipeline is a rather complex task and is very subjective to the
evaluating party.

Other increasingly minor factors, which are not properly considered in all or some
of the current valuation methods include: no terminal growth rate should be assumed
for a treatment as patents do expiry and after that the treatment may be duplicated
with probably a lot lower cost. Also, to approximate a treatments sales potential
after patent expiration consists of too many uncertainties, which would mean the
discount rates to present time should account to near zero. This leads to another
factor, which needs to be considered, the discount rate by which the future cash-flows
are discounted to present time. Many of the traditional models use WACC, but for
the purposes of clinical pipeline valuations, the WACC calculation is not sufficient as
the financial status of the company has little to do with the potential of the clinical
pipeline.

Another problem with WACC is that the equity cost of capital is usually cal-
culated using the capital asset pricing model (CAPM), which relies heavily on the
historical data regarding the company and relevant benchmark. The possibly volatile
stock movements do not present an accurate image of the WACC related to the
clinical pipeline.

Lastly, the growth rate of the treatment to peak market potential should be
properly implemented. This is a rather minor remark, but an important one from
the valuations viewpoint as, as the growth rate to peak potential takes years even
with the most robust inventions. This implementation is generally managed with
the intuition of the analyst as the valuation methods themselves are only vehicles to
reach the valuation.

Table 2 presents a summary of various factors and discrepancies with the current
valuation methods, which are not, but should be, properly accounted for when at-
tempting to value the clinical pipeline of a biotechnology company.

Table 2 does not include the most common and inherent challenges associated to
the valuation of any future product: assumptions and approximations. The future
assumptions and approximations are issues which may not be completely nullified
even with the most robust valuation methods and efforts as the future is always
to some extent uncertain. However, with the proper application of various aiding
factors, the uncertainty may be to some extent mitigated.
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Table 2: Lack of important factors in traditional valuation methods for clinical
pipeline valuation.

3.2 Overcoming the challenges
In order to overcome the challenges with the existing valuation methods for clinical
pipelines, each of the lacking factors needs to be addressed and properly implemented
in a suitable valuation model. However, not all of the inherent difficulties with the
existing valuation methods may be completely overcome with various factors. For
example, the uncertainty related to the future approximations is always present
and cannot be completely eliminated because of the nature of uncertainty. The
approximation of uncertainty may however be improved by properly implementing
various factors into a suitable valuation model. Furthermore, the nature of the
approximations may be somewhat shifted to a more controlled state by properly
exploiting the associated historical statistics.

The first factor to overcome is the probability component regarding a certain
clinical development phase. Clinical-stage biotechnology companies have development
pipelines, which are unique in terms of the treatment and the conditions which may
be treated with the treatment. Table 3 elaborates the problem with the most
common valuation methods, which view the probabilities as field specific general
probabilities rather than treatment and condition pairs each with unique probabilities.
Furthermore, each pipeline treatment and condition pair, or thread, should be valued
as if it was a separate company with unique possibilities and probabilities of success
and thread specific risks.

Table 3: Example of variance in the probabilities of success for various cancers.

Table 3 illustrates the difference of probabilities between various cancers and
the condition and treatment viewpoint. A drug might have a significant effect on a
certain variation of a condition and no effect at all on another variation. The key to
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valuing a clinical-stage biotechnology company accurately, is to value each unique
condition - treatment pair separately and with in-depth research into the market
potential adjusted with accurate statistical probabilities for success.

The probability component needs to be adjusted also for the abandonment caused
by the lack of economic viability. This is an adjustment, which is especially important
for development projects with massive potential as the historical success probabilities
also include the projects which have been abandoned for economic reasons. As stated
by Villiger and Bogdan [2], 30% of clinical projects are abandoned for economic
reasons. To some extent this can be overcome, by adjusting the probabilities of
success upwards for projects with massive potential and hence a low probability of
economic abandonment. This is done by multiplying the probability of success, in
such a scenario, by a factor of 1.428 to compensate for the 30% initial drop in the
statistical probabilities.

Moreover, the probabilities need to be adjusted based on the need for a treatment,
i.e., the combination of lack of currently effective treatments and the lethality of the
condition. The need for a treatment lowers the threshold of efficacy the treatment
needs to pass in order to gain marketing approval, as there are no viable competitive
products or solutions. In addition to the probability of success, this factor also affects
the approximated market share of the treatment. For this adjustment, there are not
many viable sources of data. However, an adjustment between 10% to 0% would
seem a reasonable adjustment to the probabilities of success.

The discount rate in the valuation models, or the Weighted Average Cost of
Capital (WACC), should be based on historical statistics of companies with a profile
of similar clinical pipelines, rather than the company’s current financial situation
or ROE or some other parameter which is not cohesively related to the clinical
development pipeline itself.

A median WACC based on historical statistics and the overall probability of
success for the treatment is 26,7% for mid stage clinical projects as stated by Stasior
et al. [17]. For early stage projects a historical median WACC of 40.1% would be
generally suitable and for late stage projects a median WACC of 19.5% [17]. For
pipeline threads with traditionally inferior success rates, the discount rate should be
considered to be closer to the earlier stage or development and vice versa for projects
with higher success rates.

The omitted terminal growth rate is rather trivial to implement in the valuation
scenario as the treatment is not forecasted to generate profits in perpetuity. Also,
the growth rate to peak market potential should be modelled in relation to similar
or comparable treatments in the field.

Lastly, the uncertainties associated with the various approximations could be
somewhat mitigated by properly eliciting expert opinions. This is an intriguing
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aspect, which would enable the associated approximations, and perhaps also the
probabilities, to be adjusted and validated with the use of expert opinions [18]. To
hypothetically aim towards the most accurate valuations, a separate systematical
eliciting process regarding the validation of expert opinions would be required.

3.3 New thread-oriented valuation method
Each of the most common valuation models have their own difficulties, hindrances, or
inaccuracies, which were examined earlier. Therefore, a new thread-oriented valuation
method is introduced. The proposed new method attempts to tackle each of the
deficiencies with the more traditional models. Special emphasis is put on two factors:
simplicity and accuracy. The method must be sufficiently understandable for it to be
in anyway successful. In addition to simplicity, the method has to be accurate and
produce valuations which are inherently more precise than the traditional valuation
methods tend to produce. Next, the new thread-oriented valuation method is further
examined.

The proposed new thread-oriented method is a modification of the traditional
DCF model and the rNPV model. The method attempts to minimize the need for
analyst intuition with the use of efficient exploitation of robust historical statistics in
the analysis. In the method, each clinical development pipeline product is split into
treatment and condition pairs, in other words threads. All of these threads are valued
independently with the use of statistics and probabilities. After the threads have
been valued to their net present value, they are summed up to reach a conclusive
valuation for the whole clinical pipeline.

The new thread-oriented valuation method can be summarised as.

NPVthread =

clinical phases︷ ︸︸ ︷
3∑

i=1

FCF

(1 + r)i
+Pthread ∗

launched product︷ ︸︸ ︷
n∑

j=1

FCF

(1 + r)j
, (2)

where:

NPVthread = Net present value of a unique treatment and condition -pair
Pthread = Treatment and condition -specific probability of success at the measured
phase
FCF = Free cash-flow at phase
i = Current and remaining phase lengths normalized to years:
if current phase is 1 then i is {remaining phaselength1, phaselength1+2, phaselength1+2+3}
r = Weighted average cost of capital (WACC)
j = Time to patent expiration date in years:
if current phase is 1 then j is {launch, launch + 1, launch + 2, ... , patent expiry}
n = Number of years until patent expiration
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In the Equation 2, the free cash-flows of the clinical phases are discounted to the
evaluation date with the use of WACC and the current and remaining clinical phases.
The lengths of the phases are normalized into years using historically approximated
phase lengths. Depending on measured phase, the Pthread is adjusted to represent the
historical and statistical probability of success for the treatment and condition pair,
such that the most relevant treatment and condition -pair specific historical data is
used. Lastly, the free cash-flows of a successfully launched product are discounted
to the evaluation date using WACC and the time interval from launch to patent
expiration in years.

Each thread has different attributes in terms of probabilities, needs for treatment,
competetion, WACC and growth rate to peak market potential. Therefore, each
thread must be considered separately in the valuation method, in order to reach
the most accurate and realistic valuations results. As the valuation of a company’s
developmental pipeline is the sum of its pipeline threads NPVs, the valuation of a
whole pipeline could be summarized with the following Table 4.

NPVthread1 = ∑approval
t=phase

−F CF1t

(1+r)t + P1 ∗
∑T patentExpiry

t=launch
F CF1t

(1+r)t

NPVthread2 = ∑approval
t=phase

−F CF2t

(1+r)t + P2 ∗
∑T patentExpiry

t=launch
F CF2t

(1+r)t

NPVthreadn = ∑approval
t=phase

−F CFnt

(1+r)t + Pn ∗
∑T patentExpiry

t=launch
F CFnt

(1+r)t

NPVPipeline = NPVthread1 + NPV thread2 + ... + NPV threadn

Table 4: The new thread-oriented valuation method is summarized in the form of a
table. Each NPVthread represents unique pairs of treatment and condition. These
threads are then summed up to form the net present value of the whole clinical
pipeline
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Furthermore, the key differences and similarities with regard to the traditional
biotechnology valuation models are examined in the list below. Emphasis is put
on the differences as the similarities, which are left with less attention, may be
considered as rather trivial.

Explanations of modified and added attributes

1. Phase success probabilities based on relevant historical field specific statistics,
not on the analysts intuition [5]. Traditionally, this feature is present only in
rNPV.

2. Phase success probabilities adjusted with the possibility of economic aban-
donment. This adjustment is conducted because the measured phase success
probabilities do not distinguish the reasons behind the project abandonment.
Villiger and Bogdan [2] state that almost 30% of projects are abandoned be-
cause of the lack of economic viability for the project. Therefore, the projects
with high economical potential suffer from too low probabilities and the phase
probabilities should be adjusted accordingly. This is especially the case in DCF
based valuation models as ROV inherently implements this adjustment in the
probabilities. [2]

3. Phase success probabilities are adjusted on the need for a treatment. This ad-
justment should be considered in the market share projection for the treatment,
because of enormous need for viable treatments implies the lack of competitive
products and also that treatment efficacy requirements are not set as high
as with other conditions. Furthermore, the lower requirement for treatment
efficacy implies that the probability for successful release to the markets should
be adjusted per condition also. These adjustments are a key difference when
compared to rNPV. The adjustments enable the historical probabilities to be
effectively brought up to date with the current market situation.

4. No terminal growth rate, because of increasing competition and expiring patents.
Traditionally, this feature is present only in rNPV.

5. WACC used in the NPVthread calculation must be based on historical statistics,
rather than company specific stock movements, or analysts subjective and
volatile guesses [5]. Furthermore, WACC needs to be a combination of company
risk and pipeline thread risk, since for small biotechs the pipeline risks are the
company risks. Generally, WACC modification taken this far is not present in
any of the traditional biotechnology valuation models.

6. Each pipeline thread (treatment and condition pair) is considered separately
in terms of probabilities and statistics. In other words, the treatments in the
pipeline are not generalized per treatment as in [5] and in [17] but as a bundle
of separate pipeline threads with different probabilities of success. A treatment
may have multiple conditions for which it has the potential to be of benefit
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for the patient. This is a feature which is not utilized in any of the traditional
valuation models.

7. Growth rate to peak is considered based on comparable products and historical
data (not on managerial intuition [5]). This feature could be considered to be
present in the other valuation models also.

With these adjustments in the overall viewpoints and in the probabilities of
success, the new thread-oriented valuation method enables increasingly fine grained
valuations to be conducted. The method takes into account several viewpoints, which
have traditionally been based merely on analysts intuition and expertise.



28

4 Empirical study: Case Clevegen
In this chapter the previously presented new thread-oriented valuation method is
examined with a real-world case study. First, a Finnish biopharmaceutical company
Faron Pharmaceuticals Oy is introduced. Second, the pipeline of the company is
introduced and its developmental cancer treatment called Clevegen is examined.
After a basic understanding of the cancer treatment has been attained, the study
will focus on implementing the thread-oriented valuation method to the cancer
treatment. Lastly, the valuation of Clevegen is derived from the components which
were examined earlier.

4.1 Introduction - Faron Pharmaceuticals Oy
Faron Pharmaceuticals Oy is a clinical-stage biopharmaceutical company with the
main focus on immuno-oncology (battling cancer with the body’s own immune-
system), organ trauma and vascular damage. The company aims to create novel
treatments for medical conditions with significant unmet needs. [22]

The company was founded in 2003 and was kept private until the year 2015, when
the company was listed in London AIM marketplace with the ticker ’FARN’. In 2019
Faron was double-listed also to the finnish marketplace First North under the ticker
’FARON’.

4.1.1 Clinical development pipeline

Faron’s pipeline consists of two drug candidates Traumakine and Clevegen (FP-1305).
Traumakine is purposed to treat organ trauma and vascular damage by preventing
vascular leakage. Clevegen attempts to treat several cancer types by activating the
patient’s own immunity system against cancer. [22]

The drug candidates are currently running in clinical trials. Clevegen is in phase
1/2 trial called MATINS (Macrophage Antibody to Inhibit immune Suppression)
and is being trialled against ten different cancer types [31]. Traumakine is included
in a trial called SOLIDARITY organized by World Health Organization to study
possible treatments for the current pandemic disease COVID-19. Traumakine is also
included in another large scale trial called REMAP-CAP, which is purposed to study
treatments for community acquired pneumonia [22]. This study focuses on Clevegen
and its valuation.

4.2 Clevegen - immunity switch against cancer
Clevegen is a novel humanised anti-clever-1 antibody with the ability to switch
patient immune-suppression into immune activation in various conditions [23]. The
primary area of focus and initial purpose of development is the treatment of cancer
by switching the patient’s immune-system from immunologically suppressive mode
into immune-activating mode and therefore enable the patient’s own defence systems
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to combat cancer.

Clevegen is designed and purposed to prevent cancer tumour growth and metas-
tasis by targeting the tumour immune suppressive molecule, Clever-1 (or Stabilin-1)
[24]. Furthermore, the suppressor molecule clever-1 is an endothelial cell surface
molecule and is considered as one of the gate keepers for the suppression of tumour
immunity by the host [24].

The Clever-1 molecule mediates the transmigration of blood-born monocytic cells
via the vasculature of growing tumours. The prevention of this traffic by blocking
both the endothelial and monocytic Clever-1 prevents tumour growth as the host’s
immune profile changes from immune-suppressive mode towards immune activation,
and subsequently decreases the number of tumour-associated macrophages (TAMs)
[24]. TAMs are known to correlate with a poor prognosis in many types of cancers.
They are one of the leading drivers of tumour progression in already established
tumours, promoting cancer cell proliferation and survival, angiogenesis and lymphoan-
giogenesis, while also skewing and taming effective T cell responses against the cancer.

Clevegen treatment possesses enormous potential in the field of oncology, which
is one of the most actively pursued areas of research by biotechnology companies
[24]. Recently, the interest towards immunotherapies in the treatment of cancer has
risen because of some very compelling efficacy data against various cancers, of which
some have historically the worst prognosis for the patients. An example from Faron’s
admission document to further demonstrate the commercial potential of current
immuno-oncology treatments: “In October 2015, Five Prime Therapeutics Inc (“Five
Prime”) and Bristol Myers Squibb announced a licensing and collaboration deal
worth up to US$ 1.74 billion in relation to Five Prime’s Phase I immuno-oncology
therapy product which is currently in Phase I clinical trials. This license agreement
included an upfront payment of US$ 350 million to be made to Five Prime” [24].
Other similar deals have also been made very recently, as Gilead acquired a company
called Forty Seven and it’s immuno-oncology treatment at the time in phase 1 studies
[25]. The treatment by Forty Seven influences some of the same molecules as Faron’s
Clevegen (CD47).

The Directors at Faron also believe that Clevegen is well differentiated from
competing immunotherapy products because it specifically targets the M2 tumour-
associated macrophages, which facilitate tumour growth and metastasis, while simul-
taneously leaving the M1 TAMs intact, which support immune activation against
the tumour. To date, this approach does not have similar or comparable macrophage
targeting treatments in development by competitors [26].
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4.2.1 Development rundown

During 2016 and 2017 Faron pursued pre-clinical studies and testing with Clevegen
and the treatment showed no signs of adverse events in the studies. In 2017 the
mechanism behind Clevegen was granted a patent by the European Patent Office.
Consequently, first production agreements were made with Abzena and first initia-
tions to commence clinical trials were taken with regulatory organs and also with
various medical schools, especially in the UK region [27].

The pre-clinical studies yielded favourable results for Clevegen in 2018 as the
data gathered presented a good safety profile. At that time Faron also submitted
the Clinical Trial Approval (CTA) to the Finnish Medicines Agency (FIMEA) and
was granted approval to initiate first-in-human clinical trials for Clevegen. The
trial was planned to be a phase 1/2 trial called MATINS (a first-in-human open
label Phase I/II adaptive clinical trial in selected metastatic or inoperable solid
tumours to investigate the safety and efficacy of Clevegen (FP-1305)) [28]. Colorectal
cancer was chosen as the first cohort for the MATINS trial and the first patient was
dosed in December 2018. Soon after also the UK’s MHRA (Medicines and Health-
care products Regulatory Agency) also granted approval to initiate clinical trials
also in the UK and consequently the trial was rapidly expanded also into the UK. [29]

The trial showed promising early efficacy results in the dosed patients as the
patients already compromised immune-profiles were measured to have switched to-
wards a more immune stimulated mode. Also, one of the colorectal cancer patients
showed a tumour imaging report with significant shrinkage of lung metastasis. This
shrinkage was significant, and it was classified as a partial response according to
the RECIST classification. The same patient also showed a decrease in tumour
load marker CEA (carcinoembryonic antigen) and an increase in circulating B-cells,
which could potentially indicate an antibody-mediated response against the tumour.
Notably, this patient had previously been treated with six different anti-cancer drugs,
all of which had failed.[29]

In 2019, Clevegen was proposed and confirmed a International non-proprietary
(INN) name, Bexmarilimab, by the World Health Organization (WHO). Simul-
taneously, a patent regarding the use of Clever-1 antibodies was granted by the
European Patent Office for the treatment of cancer, thus further extending the
already acquired patent protection for Clevegen, which lasts at least until the year
2030. During the year 2020, further protection for the Clevegen epitope itself was
applied and, if successful, it would protect the use of Clevegen until the year 2039-2040.

In 2020, Clevegen continued with the phase 1/2 open label study, which was initi-
ated across various sites in Europe. As customary with phase 1 and 2 clinical trials,
the primary goal was to investigate the safety and tolerability of the treatment. The
dosing reached a planned maximum level and good tolerability within the patients
was observed at all dosing levels. No signs of dose limiting toxicities were observed.
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Furthermore, Clevegen promoted immune activation across all dosed patients. In
addition to the earlier partial response, other comparable partial responses were
observed in two distinct patients. This time in a patient with colorectal cancer and
another one with a heavily pre-treated melanoma patient.

The FDA approved Clevegen’s Investigational New Drug (IND) application, thus
enabling the expansion of MATINS trial into the US. Several new patent filings were
carried out during the year to further strengthen the immaterial protection around
Clevegen and its use in various conditions where harmful immune-suppression causes
serious diseases. [22]

Manufacturing was also established and partnering discussion were carried on
with the aim to support the expansion of development and to explore potential
combination treatment options with the existing immunotherapies. [22]

4.3 Clevegen landscape
The necessary background regarding Clevegen and its functionalities and potential
have now been examined. Next, the various attributes of Clevegen are broken down
and analysed for the purpose of combining a valuation calculation for Clevegen with
the thread-oriented valuation method.

4.3.1 Treatable cases

According to the estimates provided by the International Agency for Research on
Cancer (IARC), in 2018 there were approximately 17 million new cancer incidences
worldwide. During 2018 the number of deaths caused by cancer were approximated
to stand at 9.5 million. [30] The forecasts by IARC expect new cancer incidences
to grow to 27.5 million a year by 2040 and the deaths are forecasted to stand at
16.3 million a year. The forecast is largely based on the increasing number of aging
population, while acknowledging that the forecast may be somewhat cautious, since
the increase in unhealthy pro-cancer habits are not considered in the forecast. These
habits include smoking, unhealthy diet, and physical inactivity. [30]

While the number of cancer cases is increasing worldwide, the number that matters
for Clevegen is the number of cancer cases, which are potentially treatable with
Clevegen. Clevegen’s basic functionality derives from the blockage of the tumour
immuno-suppressive molecule called Clever-1 (or Stabilin-1) the cancers that are
viable to be treated with Clevegen must, with current knowledge, have this molecule
[24]. According to Faron’s own research, Clever-1 molecule is present in several
cancers and in varying amounts.
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Table 5: Clever-1 occurence in various cancers, according to Faron. [31].

Table 5 presents the annual numbers of Clevegen eligible patients, which sums up
to approximately 1.8million. The data used in the table 5 is based on the research
conducted by Faron [31]. Furthermore, the table presents only 5 different cancer
indications, but the current Matins trial includes 10 different cancers [31]. The
cancers that are missing from the table 5 are uveal melanoma, cutaneous melanoma,
hepatocellular, cholangiocarcinoma and anaplastic thyroid cancer [31]. These five
additional cancers presumably also include the Clever-1 molecule in varying amounts,
thus also having the potential to be treated with Clevegen. However, as there is no
data available regarding the Clever-1 abundance in the 5 additional cancers they are
not included in the analysis.

The number of patients which have the possibility to benefit from Clevegen
treatment may be derived from the table 5 data with some additional attributes
included. First, the number of patients is not a constant and tends to vary over time.
After Clevegen receives marketing approval the distribution of the treatment begins
to expand and other wholesale deals are presumably set up. This process takes
time and is conditional to various aspects, such as licensing deals and partnerships.
In order to approximate the growth rate for Clevegen until peak sales potential
is reached, historically similar products and their growth trajectories should be
examined. However, this leads to a problem as there are currently no relevant or
comparable macrophage targeting immuno-oncological treatments available. The
closest substitutes for comparison analysis are examined in the next chapter.

4.3.2 PD-1 and PD-L1 inhibitors and contrast to Clevegen

PD-1 and PD-L1 are immune checkpoint proteins on the surface of cancer cells and
they are involved in the suppression of the immune system, an attribute which is
very similar to Clever-1 on macrophages. These inhibitors function by blocking the
pd-1 and pd-l1 activity on the surface of cancer cells. The blockage of these immune
checkpoint proteins may lead to limiting the cancer from evading the immune-system
of the patient [32]. Therefore, the end-result of a successful treatment is very similar
to Clevegen’s.

Furthermore, a study by Viitala et al. [33] notes that the results achieved with
anti-clever-1 blockage in mice were similar to the effects of anti-pd-1. Similar efficacy
levels in mice further strengthen the view that pd-1 and pd-l1 inhibitors are actually
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the closest comparable immuno-oncological treatments to Clevegen. Intriguingly, the
study by Viitala et al. [33] also showed that combining anti-clever-1 treatment with
anti-pd-1 treatment provided notable synergistic benefits against some aggressive,
nonresponsive tumours [33]. These findings indicate that Clevegen might not actually
be a competitor to the current anti-pd-1 treatments, but rather a complementary
treatment with synergistic benefits for the patients.

4.3.3 Chronological patient quantity pattern

If Clevegen was to receive regulatory approval to begin sales in various markets, it
would be important, from valuation perspective, to assess the time it would take for
the drug to reach its peak potential market share. Obviously, the number of patients
at peak sales is another very important factor to consider, in addition to the time
interval at which sales are generated. Furthermore, the shape of the sales pattern is
also very important and should be derived from comparable products in the history
and statistics.

However, it should be noted that it is nearly impossible to determine the future
level of peak sales for a novel cancer treatment with pin-point accuracy as the peak
sales is dependent on a vast number of attributes, some of which are not even in the
hands of the company.

Growth of patient numbers until peak sales The growth rate until peak
sales is reached is a highly complex subject, and factors such as licensing deals and
partnerships, competitive products, and most recently even politics have a pivotal
impact on how certain drugs are able to penetrate the markets. These are all very
difficult to forecast accurately, but because of their high impact on the end results,
they should be considered when attempting to accurately forecast the future gross
revenues/sales.

The growth rate of market share and sales until peak potential depend on the
cancers being treated. For example, cancers which are considered very hard to
treat with current treatment methods may have significantly steeper growth curves
when compared to other more manageable cancers. Therefore, the assessment of the
growth rates should be examined for each cancer individually, while simultaneously
considering the need for a new treatment.

Furthermore, while the growth rate of Clevegen sales in various cancers is merely
an approximation, the history of other comparable drugs should also be considered
to ensure the approximations are of realistic nature. Again, as there are currently
no comparable macrophage targeting treatments available, the most comparable
treatments are the current pd-1 and pd-l1 treatments.

According to the first five full year results from Merck, after Keytruda launch,
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the median annual sales growth of Keytruda stood at 233,3%. In comparison,
according to Bristol Myers Squibb full year results, the median annual sales growth
for Opdivo during the first five full years after launch was measured at 136,12%. The
average of the two medians is 187%, which may be considered as the most accurate
approximation available in light of current knowledge, regarding the annual sales
growth trajectory of Clevegen.

Patient numbers at peak sales The peak sales is most influenced by the
efficacy of Clevegen (in this context, how good of a cure it is for a certain condition),
the market share (which is very dependent on the efficacy and need for a treatment),
and the number of patients on which the Clevegen treatment is forecasted to be
effective on. These factors form a sort of a web of internal dependencies as each of
them have many dependencies of their own. However, the approximation below is
calculated in the light of the current knowledge in each factor.

Table 6: Approximation of Clevegen annual patient numbers at peak market share.

Table 6 presents the approximated numbers at peak sales of Clevegen treatment
for the five different cancer groups. One of the most dominating factors in the
approximation is the market share. The market share is very much dependant on
condition in question, the existing treatments, and their efficacy, and how Clevegen
compares to the current standard of care treatments in terms of safety and efficacy.
Comparable data from PD-1 treatments Keytryda and Opdivo is very difficult to
gather as the two treatments have large variations in their market shares across
various cancer indications. However, a generalization may be drawn, by which the
treatment with the most efficacy or earlier market access, has the dominating market
share. With this in mind, Clevegen has the potential to gain a dominating market
share in a vast range of cancer indications.

Adjustments in the market share approximations are made in relation to the
lethality of the cancer, as it may be considered to correlate with the lack of competi-
tive products for the condition. For the aforementioned reasons, the market share
for Clevegen is conservatively approximated between 50% and 30% depending on
the lethality of the condition with current treatment options.
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Moreover, in conditions with high lethality, also the probability of success is
adjusted because the threshold to pass in terms of efficacy is also lower. This
reasoning will be further elaborated in the following sections.

Sales time-interval Now that the peak sales and growth trajectories have
been approximated for Clevegen, the next step is to evaluate the whole time interval
at which sales are generated. This may be approximated by studying the patent
filings of Clevegen and it’s other immaterial protective measures.

A patent was granted by the European patent office in 2018 for “the use of
Clever-1 antibodies”, which is the central mechanism behind Clevegen [29] [34]. The
patent was granted for the treatment of cancer and it lasts until the year 2030. Faron
has since then applied for further IP protection for Clevegen and its mechanisms and
use cases. Application has also been filed to protect the Clevegen epitope itself until
the year 2040 [29] [22]. It is reasonable to assume, that a similar patent will later be
granted for world-wide protection of Clevegen.

Considering the patent protection and filings, it is reasonable to assume that
Clevegen is well protected at least until the full year 2029 as currently it seems that
the patent expires during the year 2030.

Cumulative patient pattern for each cancer group Rogers states [35]
that the sales of a new pharmaceutical treatment typically peak at patent expiry.
This assumption is also utilized in the valuation calculations and the view is further
strengthened with the increasing patent applications and filings of pd-1 and pd-l1
treatments for various diseases. Also, the pd-1 treatments have not shown any signs
of slowing sales, just the opposite. After patent expiration generic versions of the
treatment or drug may be marketed, which directly influences the profits of the
original treatment [35]. The revenues fall typically at a comparable pace to the
growth rate until peak sales; however, this depends on many factors which are not
reasonably forecastable. Moreover, the thread-oriented method does not include a
terminal growth rate as it concludes the valuation at patent expiration. Therefore,
the rate at which the revenue declines after patent expiration is not important for
the valuation case.

Furthermore, the global oncology market is expected to grow at CAGR of 12.3%
during the years from 2018 to 2026 according to Forbes [36] and at 13.8% until 2024
according to Pharmiweb [37] and at 16.9% until 2024 according to EvaluatePharma
[38]. These forecasts provide further support for the absolutely high rate for the
annual sales growth rate.

Importantly, Clevegen sales do not begin in at least two years, as forecasted by
the company. This would mean that first sales would be generated during the year
2022 at the earliest, indicating that there are almost 8 patent protected years left to
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generate sales.

Table 7: Numerical presentation of the approximated patient growth until patent
expiration.

Table 7 presents the actual numbers, which are further exploited next in Figure
3 to analyze the patient quantities in relation to time during the relevant patent
protected time interval.

Figure 3: Approximation number of patients treated during the patent protected
period.

Intriguingly, Figure 3 reveals important information regarding the patient distri-
bution of sales as colorectal cancer seems to be of extreme importance for the success
of Clevegen. The number of colorectal cancer patients accounts for approximately
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61,4% of the number of total patients treated in the calculation.

4.4 Clevegen valuation with the thread-oriented valuation
method

The necessary groundwork and research has now been conducted and it is now
possible to start constructing the valuation of Clevegen with the thread-oriented
valuation method. The valuation workflow follows the steps of a traditional DCF
valuation model.

4.4.1 Sales approximations

The pricing of a lifesaving cancer treatment is a complex task. Various considerations
and viewpoints need to be taken into consideration as the ethics and regulations
vary considerably depending on the geographical location, political environment,
insurance companies’ landscape and the general economical ability of the customers.
However, the price must be set to a point which most benefits the investors, while
also aligning as well as possible with other important considerations.

In order to approximate the price per Clevegen treatment, a few attributes need
to be determined. First, the time interval at which patients are treated and the cycle
at which the treatments are given, i.e., the dosing.

Dosing First, the patients are expected to be treated and cured at a similar rate
to pd-1 inhibitor treatments (although these two treatments may provide additional
synergistic benefits, which could further advance the recovery of the patients when
administered together [33]).

Second, the time-interval at which the patients are treated is expected to be
the same as with pd-1 inhibitors. This assumption relies on the fact that the two
treatments provided similar efficacy in mice [33]. However, the optimal dosing cycle
at which Clevegen treatment is administered to the patients may prove to be different
from the current pd-1 inhibitors.

In phase 1 studies Clevegen treatment was given to the patients with 3-week
dosing cycles in each of the studied cancer cohorts. This 3-week dosing cycle is the
same as with current pd-1 inhibitor treatments. However, the safety profile of the
Clevegen treatment was so good, that there might be a possiblity to reach higher
levels of efficacy with more frequent dosing cycles [39]. Faron announced that it
will initiate studies with 1- and 2-week dosing cycles, but at this point the 3-week
dosing cycle is the most well established [39]. Furthermore, the necessary quantity of
treatment cycles for a patient’s condition may be considered to be largely dependent
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on the specific condition and cancer in question.

The assumption is that the effects of the treatments last approximately the
same amount in time, i.e., the benefits of one treatment are similar to the other.
This is based on the current knowledge of Clevegen and PD-1 treatments and may
change significantly during the clinical testing phases. Clevegen is a new treatment
and there have not yet been studies regarding the long-lasting effects of the treatment.

The approximated quantity of treatments with Clevegen per patient is aligned
with the number of median treatments with the most common pd-1 treatments. All
of these assumptions are likely to become much more accurate as the development of
Clevegen advances.

Pricing With the aforementioned assumptions, the price of a Clevegen treat-
ment per patient per year may be derived from the prices of comparable pd-1
treatments. The most common pd-1 treatments in 2019 were the following [40] [41]
[42]:

– Pembrolizumab under brand name Keytruda

– Nivolumab under brand name Opdivo

Pembrolizumab, which runs by the brand name Keytruda, is typically adminis-
tered intravenously for the patient at a three-week dosing cycle [40] [43]. It is also
possible for the treatment to be administered at a time interval of 6 weeks, but the
price for the whole treatment remains the same [40]. The list price for each of the
three-week infusions have an average cost of 5260 GBP in the UK.

Assuming a full year of treatments in a 3-week interval there would be 17 full
dosings per year, which would then sum up to be approximately 89 000 GBP [41]. In
the United States the cost of pembrolizumab stands between 10 000 and 12 000 USD
per dosing (a dose occurring at every three- or six-week interval) [44]. A whole year
of dosings at three-week cycles sums up to 170 000 to 204 000 USD. Interestingly,
according to the manufacturer of Keytruda, the administration of the treatment
should continue until the disease further progresses, unacceptable toxicity is reached,
or up to 24 months has passed from the first dosing [45].

For Opdivo there is a lot less public information available regarding the pricing
in various geographical locations. However, in the United States Opdivo is stated to
be priced at approximate annual costs of 150 000 USD per patient in 2018 [42].

In light of the information regarding the most common pd-1 treatment pricings
in various geographical areas, the pricing of Clevegen may reasonably be assumed to
end up in the same landscape. Accounting for the variability in the currency rates,
the pricing of Clevegen would likely end up in the range of 100 000 to 180 000 euros
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per patient per year. A conservative value of 100 000 euros per patient per year is
used in this study.

The costs regarding cancer treatments have been rising substantially during the
last two decades and without proper government regulation they are deemed to rise
even further [46]. However, the increased competition in the pd-1 and pd-l1 space are
forecasted to ease the rising curve of the drug prices. Furthermore, there has been
more and more speculation regarding the regulation of cancer treatments, especially
in the United States of America, as the prices have risen to levels which are often
deemed as not sustainable [46].

Sales summary Table 8 summarises the previously researched and approxi-
mated data and presents the sales approximations for each cancer and each year
until patent expiration.

Table 8: Annual Clevegen sales approximation until patent expiration.

4.4.2 Costs approximations

The previous approximation of sales is important because as the products in this case
do not yet generate sales, they do not generate other common costs either. Therefore,
the costs must be derived and approximated from the sales and industry historical
statistics.

Cost of sales Cost of sales denote the costs to produce the product or service.
Rogers estimates that the costs of sales for a biotechnology company are approxi-
mately 20% of the generated revenue [35]. In this case, revenue equals the sales as the
examination focused on a single product, not the whole company. The approximation
by Rogers is based on public financial reports of various biotechnology companies. For
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Clevegen the cost of sales is still very difficult to estimate, because of the uncertainty
regarding the future deals and arrangements.

Furthermore, according to the study conducted by Basu et al. [47] in 2008, the
average Cost of Goods Sold (COGS%) for biotechnology companies during the years
from 1997 to 2005 were approximated at around 10% to 15% percent of revenue.
However, in this study the more conservative 20% of sales is used for each of the five
cancers as there are presumably not as many benefits of scale as with the study by
Basu et al.

It is a common practice that the commercialization of approved products is coor-
dinated with larger pharmaceutical companies. The details in these sales agreements
and deals are very much subjective to the leverage regarding the safety and efficacy
of the treatment in question. With a blockbuster treatment, there is an increasing
amount of negotiation power associated with the product, which further aids with
the terms of the agreements. However, there is not yet enough data from Clevegen
clinical trials to assume a different cost of sales than the industry average, which is
exploited later in the analysis.

Faron has entered into a Clevegen manufacturing deal with AGC Biologics in
2020 regarding the commercial scale manufacturing of Clevegen [48]. The set-up of
manufacturing and regulatory materials have initial onetime costs for Faron, but
these expenses are counted in the CAPEX later on, as they are presumably one time
investments.

Marketing expenses Marketing costs are typically reported together with
administrative costs in companies’ financial statements [49]. For this reason, it has
been difficult to gain exact information regarding the marketing expenses of certain
treatments as they are mixed together with other information.

Larger biotechnology companies spend approximately 67% of administrative and
marketing costs on marketing. The ratio is collected over a course of three years and
is not drug dependant [49].

Myers and Howe estimate that during the first year after launch, the marketing
expenses of a new drug to consume 100% of the revenues generated by the product.
The marketing expenses percentage of revenues is later expected to decline rather
sharply, as already at the second year the percentage of revenues put into marketing
is approximated to come down to 50% and during the third and fourth years to 25%.
After the fourth year, the marketing expenses are expected to settle at roughly 20%
of revenues generated by the drug. [35]

For Clevegen, the marketing expenses are expected to follow the approximations
by Myers and Howe, with the exception of the first year. As there are also other
expenses regarding clevegen, for example manufacturing and operations, it is not



41

reasonable to assume that all of the revenue generated by the sales of Clevegen would
go to marketing. Furthermore, debt is not assumed to be used for product marketing.
For that reason, the marketing expense is settled at 80% in this study for the first
year after launch and after that to follow the estimates by Myers and Howe [35].
Table 9 presents the overall marketing expenses per cancer.

Table 9: Marketing expenses approximation as a percentage of annual gross profits.
[35]

Selling-, general- and administrative expenses Selling-, general- and ad-
ministrative expenses present the same problem for single drug valuation as with the
marketing expenses, as they are typically pooled together in the companies’ financial
statements. Therefore, the single drug expenses cannot be accurately attributed.

However, US Congress estimates that 11,1% of revenues by biopharmaceutical
companies will go to selling, general and administrative expenses [49]. The congress
also assumes the percentage is not prone to changing over the lifecycle of a product.
[49]

In this study the 11,1% is used after the launch of Clevegen 10. However, for
the two years before the launch of Clevegen, the expenses are approximated using
the expenses from 2019. The general and administration costs stood at 3 million
euros in 2019 [22]. The expenses are divided equally for each of the five treatment &
condition pairs.
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Table 10: Selling-, general- and administrative expenses approximation as a percent-
age of annual gross profits. [49]

Research and development expenses Research and development expenses
denote the expenses invested in research and development, i.e., the clinical phases
before launch. This is a difficult topic to gain general applicable information from.
Furthermore, the expenses are very much company and deal dependant, which further
complicates the matter.

The expenses for the two years, before launch of Clevegen, can be approximated
from Faron financial statements 11. The R&D expenses on Faron’s 2019 annual report
were 10,2 million euros [22], this may be assumed to be equally divided between
Traumakine and Clevegen. The expenses are divided for each individual pipeline
thread in this study. Furthermore, the development costs after launch are estimated
at zero, as they are very difficult to forecast accurately at this point. However, this
is a factor which should be considered in the final analysis of the valuation.

Table 11: Research and development expenses approximation [22]
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Taxes The Finnish law of company taxation states that the taxes are paid from
the earnings, not the revenue [50]. The tax percentage for a limited company is 20%.
Because Faron is a Finnish company with its headquarters in Turku, this percentage
is used in the valuation calculations.

Faron carries forward a total tax loss of 16.1 million euros. These losses are
expected to be utilized in the future by offsetting them against the future profits
[22]. According to the Finnish law of company taxation, the losses are generally
deductible over a 10-year period [50]. Therefore, some of the losses are likely to not
get deducted in the future, but the amount is not considered to be significant. For
these reasons, the deductible amount is reduced by 10%, and rounded upwards to 15
million euros in this study. Furthermore, the deductible amount may be considered
to increase even further as the launch of Clevegen is planned to occur in the year 2022.

Faron has stated in its 2019 annual report that it has 58.6million euros of R&D
costs, which have incurred during the years 2010 - 2019. These costs have not been
deducted in taxation but are eligible to deduct over an indefinite period at the
company’s discretion [22]. The deductible taxes have formed for the whole company,
not solely for Clevegen which makes it difficult to allocate the appropriate taxes to
Clevegen. In this study, the deductible amount per treatment is simply divided 50%
- 50% for Tramakine and Clevegen, respectively.

For Clevegen this means the 5 different treatment and condition pairs each get
10% deduction from the 58.6 million euros of R&D costs. Also, the 15 million of
approximated tax losses from earlier years are divided for the pipeline threads in the
same manner, 10 percent each. The deductions are divided equally to the 8 years
when patent protection is still active 12.

Table 12: Tax approximations calculated from the annual EBITs per cancer and with
proper historical tax reductions accounted for. [22]
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Depreciation Faron has announced that the manufacturing of Clevegen is
conducted by a partner AGC Biologics [48]. Therefore, the depreciation regarding
machinery, plants or other physical devices is basically non-existent. The depreciation
costs are included in the manufacturing costs of Clevegen and are considered to be
included in the operating expenses under “R&D” expenses.

Capital expenditure Capital expenditure or CAPEX is defined as: property,
equipment, plant, intangible and assets at the current period minus the same at-
tributes of the previous period. In other words, CAPEX might be summarized
as “investments”. This is different from operating expenses which are used to run
day-to-day functions. CAPEX refers to an expense, which is expected to create
benefit for the company in the future.

In the study CAPEX numbers were planned to be approximated from Faron’s
past materials and comparable costs for similar phase clinical trials. After the launch
of Clevegen, the CAPEX is expected to come down close to zero.

There is little information available regarding pipeline thread specific CAPEX’s
in the pharmaceutical industry, as the numbers are almost always calculated for
the whole company. Importantly, as the CAPEX should be determined separately
for each treatment and condition pair, it is also dependant on the pair in question,
meaning that the CAPEX relates to the investments regarding the specific treatment
and condition pair, making the whole approximation further difficult.

Clevegen thread based CAPEX is approximated to comprise of the set-up of
manufacturing. However, there is no information available regarding the costs of this
set-up. The costs related to the manufacturing set-up are approximated at half a
million euros for two years before launch and at 1 million euros at the year before
launch, because of increased regulatory work closer to launch. These approximations
are divided for pipeline threads.

After the launch of Clevegen, Faron might seek further treatment and condition
pairs for which Clevegen might prove to be successful or not, but these would have
to be valued as their own threads and included then in the valuation of the clinical
pipeline. For these reasons, the CAPEX in the valuation calculations account only
for the pipeline threads in question.

In the valuation calculations, the capital expenditure approximations are con-
sidered to be equal for each cancer. In a real world scenario there might be some
variation in the capexes per cancer, but the differences are not considered to be
significant. In the valuation calculations the capex is approximated at 500 000 euros
two years before launch and at 1 000 000 euros one year before launch. The capex is
divided equally for each of the cancers.
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Change in net working capital Net working capital (NWC) is the difference
between current assets and current liabilities of the company [15]. It is generally
defined as cash + inventory + receivables - payables [15]. The cash, inventory and
receivables represent items, which the company has spent funds on but has not yet
received any income from. The payables represent items which are already shown as
expenses but have not yet been paid for.

It is important to include net working capital in the calculations, because an
increase in net working capital would represent a negative cash-flow for the company
which would not be shown in the income statement [15]. This is the reason why the
change in net working capital must be deducted from the free cash-flow calculations.

It is increasingly difficult to predict the future of detailed attributes such as
inventory sizes etc for each individual treatment and condition pair. Therefore,
historical statistics based on a large cohort of companies is used to evaluate the
changes in the NWC of Faron per pipeline thread. This approach based on statistics
is also a lot less prone to errors as it would be to evaluate each attribute individually.

A dataset by Stern University consists of 267 pharmaceutical companies as of
January 2020. The data shows each of the required attributes in relation the sales of
the company [51] 13. This data is important as it can be similarly used for pipeline
threads as well.

Receivables/Sales Inventory/Sales Payables/Sales Non-cash WC/Sales
17.33% 8.29% 13.34% 13.14%

Table 13: The data by Stern University [51]

Table 13 presents the actual values, which are used to derive the Working Capital
in the valuation process. As the working capital changes in relation to sales, the
change in working capital may be derived separately for each year.

In the valuation calculations, the amount of cash is considered to be constant
during the years and therefore it would provide no changes into the changes in net
working capital. However, other attributes change in relation to the sales 14.
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Table 14: Changes in net working capital. Derived annually from revenue and with
the attributes in Table 13.

4.4.3 Free cash-flow

Ultimately, the free cash-flow shows how much the company’s business generates free
cash, which can be paid out to the investors [15]. If the free cash-flow is positive the
company may return money to it’s investors. From the perspective of the investor,
the free cash-flow is the cash flow they should discount, when valuing the company [15].

Table 15: Free cash-flow calculations per cancer, summarized annually.
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In Table 15, the previously researched, examined, and approximated data is
summarized and presented to reach the free cash-flow for each Clevegen treatable
cancer. The data consists of two years before launch and then 8 years after launch,
until patent expiration.

4.4.4 Weighted average cost of capital

Weighted Average Cost of Capital (WACC) is used as the discount rate in the DCF
equation to discount the Free cash-flows to present value. Traditionally, the equity-
and debt cost of capital need to be estimated to calculate the WACC, but as the
valuation is not conducted for the whole company, a different approach is required [15].

With Faron the traditional WACC evaluation method leads to a problem as the
company evolved significantly over the past years. First the stock plunged with
the failure in Traumakine phase 3 study, but has since risen up again with the
success in Clevegen treatment. These past successes have little to do with the real
equity cost of capital for Faron. Also, the return on investment (ROI) is not the
best measurement in this scenario for the same reasons. The past returns regard
only the past and have little to do with the present or the future of the required returns.

In order to properly evaluate the WACC, an average historical WACC of clinical-
stage biotechnology companies is used. This average WACC comes in at 13.3-13.6%
for clinical-stage biotechnology companies [17]. This WACC is for the whole com-
pany and is deemed useful to calculate the Net Present Value (NPV) of the whole
company. However, it may dramatically underestimate the proper discount rate for
each individual product in development [17].

For individual products the discount rate should be derived from historical phase
probabilities and success rates. According to a survey in which 252 biotech pro-
fessionals with valuation expertise were interviewed [17], the proper discount rate
for each individual project or developmental product stood at 40.1% for early-stage
projects, 26.7% for mid-stage projects and 19.5% for late-stage projects [17]. Faron’s
Clevegen is in mid-stage of development (phase 2/3) and therefore the 26.7% WACC
is chosen as the discount rate in the valuation calculations.

However, for conditions with traditionally inferior success rates, the discount
rate is considered to be closer to the earlier stage or development, and therefore
the median of the current stage and the stage before is used to compensate for the
increased risk. The median discount rate for early- and mid-stage projects is 33.4%
[17]. The 33,4% is used for pancreatic cancer in the study, as it is the most difficult
one to treat and is therefore equipped with inferior historical success rates. For the
four other cancers the more conservative 26.7% discount rate is used.
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4.4.5 Probability adjustments

Hay et al. [4] conducted a study regarding the phase success probabilities and the
likelihoods of approval for various cancers. The data in the study was gathered
during the years of 2003 until 2011 and was considered as the largest study to date
consisting of over 7300 independent drug development paths. The study suggests
that oncology as a field has the lowest likelihood of approval from phase 1 onwards,
at 6.7% [4].

Furthermore, the study researched individual cancers and their probabilities of
success and failure in various development phases. This data is used in the probabil-
ity adjustments of the generated free cash-flows to properly consider the historical
probabilities of success for individual treatment and condition pairs.

In addition to the individual probability adjustments for each cancer in terms of
success and failure, the probabilities for each treatment and condition pair need to
be adjusted also for the need for a treatment, i.e., the lethality/death percentage of
the cancer. The threshold which is needed to pass in terms of safety and efficacy
is lower for conditions which have no currently effective treatments and thus the
probability of success is adjusted also.

Table 16: Lethality based probability adjustments, summarized per cancer.

Table 16 presents the probability adjustments in Clevegen targeted cancers’ in
relation to the lethality of the cancer. The lethality is measured as a percentage of
annual new cases. The adjustment to the probability of success is made on a scale of
10% to 0%, the most lethal ones gaining the most adjustment.

For gastric cancer the likelihood of approval cannot be found in reliable sources,
thus the same likelihood of approval is used as with ovarian cancer, since the two
cancers hold similar phase 3 success rates according to an analysis by Bio Indus-
try [6] and hence the likelihood of approval may be assumed to be of similar proportion.

Lastly, the probabilities need to be adjusted for the possible economic abandon-
ment. The pre-clinical and early clinical trials present the fact that Clevegen possesses
comparable potential to the PD-1 treatments and a likely monopoly position in the
field for quite some time. This fact alone is enough to dismiss the fear of economic
abandonment in the probabilities of success. The historical success probabilities do
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not distinguish the reasons of trial abandonment, the probabilities for high potential
treatments should be adjusted higher. As stated by Villiger and Bogdan [2], 30%
of clinical projects are abandoned for economic reasons. Therefore, the historical
probabilities are multiplied by 1.428 to compensate for the recorded 30% lower success
rates 17.

Table 17: Probability adjustments based on economic abandonment, per cancer.

4.4.6 The valuation

All the necessary components and attributes for the valuation have now been rea-
soned, approximated and derived. Next, the process of valuation Clevegen with the
proposed thread-oriented valuation method is presented.

The valuation begins with separating distinct treatment & condition pairs. The
process follows many of the same steps as with the traditional DCF method, with
the notable difference that the subjects being evaluated are the unique treatment &
condition pairs, not the whole company. Regardless of the different point of view,
the proposed method follows many of the same steps as with the valuation of a whole
company, all the way until the projected FCF is reached.

After the FCF has been calculated, the probabilities of the occurrence of the
FCF needs to be adjusted. First, with field specific historical adjustments, then
with condition specific lethality based adjustments, and lastly the adjustments for
economic abandonment. The application of these probabilities result to a realistic
expected FCF calculation for each of the pairs. Notably, the free cash-flows before
launch are considered to occur regardless of the outcome of the phases and therefore
only the free cash-flows, which occur after the launch are adjusted. The annual
calculations are presented in detail in Appendix A1.

Lastly, the adjusted FCFs are adjusted with a proper WACC for the pair in
question, resulting in a probability adjusted NPV for the Clevegen treatment, in
light of the currently available public knowledge.

Table 18 presents the valuation calculations for each of the Clevegen associated
treatment & condition pairs. The numbers at each cell are summarized annually
starting from the year 2021 until the projected patent expiration at 2030. In the ap-
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pendices the data is broken down further, in order to better present the accumulation
of different values in relation to time.

Table 18: Probability adjusted net present values summarized annually until patent
expiration in 2030.

The valuation calculations sum up to 492 185 776 euros, which represents the
valuation of Clevegen for the treatment of these targeted cancers 18.
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4.5 Results of the study
The proposed new thread-oriented valuation method to value pharmaceutical prod-
ucts during clinical development was applied to value Clevegen, a unique macrophage
targeting cancer treatment currently in clinical development phases. Each of the
important attributes were examined and their importance to the valuation explained.
Moreover, various approximations had to be made, due to the forward looking and
predictive nature of the developmental product itself.

The study enabled important remarks and observations to surface. First, the
valuation process indicated a large variance in the patient quantities within the
Clevegen targeted cancers. Especially, colorectal cancer accounted for more than
55% of the total eligible patients. This is a very important finding as it enables the
accurate valuation of risks associated with each of the cancers in Clevegen clinical
trials. This finding would arguably not have been detected with the traditional
valuation methods and it further strengthens the presumption that improvements to
the traditional valuation methods are indeed necessary in this context [5] [19].

Furthermore, other important remarks had also surfaced during the proposed al-
ternative new valuation process of Clevegen. Especially, the importance of probability
adjustments in contrast to the traditional DCF models turned out to be of significant
nature. Without the probability adjustments for economic abandonment and cancer
lethality for each of the treatment & condition pairs separately, the valuation of
Clevegen would have been almost 7% lower than with the proposed thread-oriented
valuation method. Moreover, if the valuation calculations had not been conducted
separately for each of the treatment and condition pairs, the valuation would have
been additionally approximately 6% lower. These account for a total of 13% difference
to the valuation provided by the thread-oriented valuation method, when compared
to the traditional DCF without the aforementioned adjustments.

Clevegen’s potential is comparable in oncology with the current pd-1 and pd-l1
treatments, only with a unique mode of action. The pd-1 and pd-l1 markets were
measured at total sales of 28 billion worldwide during the year 2020, which basically
removes the fear of project abandonment for economic reasons [52]. The historical
probabilities of success include the projects, which were abandoned for economic
reasons and thus, projects which do not carry similar risks should be considered with
a higher chance of success. This is an important adjustment, which would have most
likely went unnoticed by the traditional valuation methods.

The thread-oriented valuation process of Clevegen evaluated the WACC via
historical statistics and not with corporate financial or stock market volatility related
methods as would have been the case with traditional valuation methods. This is
a clear improvement, as the valuation of Clevegen is only vaguely related to the
stock performance of Faron or with the financial cost of capital for the company.
The statistical approach to the evaluation of WACC presents an arguably superior
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approach to the issue in the context of clinical pipeline valuation.

As discussed, the thread-oriented valuation method addresses many important
issues in the context. However, it is not able to completely mitigate some of the
deficiencies associated with clinical pipeline valuation. Importantly, the various
approximations and assumptions related to the projection of future developments
must still be conducted. The risks related to the projection errors are not completely
adhered, but they may be considered to be somewhat impaired as the forecast in
general has become increasingly fine grained.
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5 Conclusions
In this thesis the traditional valuation methods in the pharmaceutical industry were
examined with the aim to expose their weaknesses in the context of clinical pipeline
valuation. Several weaknesses were found in each of the most used valuation meth-
ods. The most widely neglected factors had to do with the application of historical
probabilities and statistics into the valuation process. Moreover, complementary
to the problems associated with the probabilities and statistics, other fundamental
weaknesses were also recognized, such as the overall viewpoint from which the clinical
pipelines are viewed at and the calculation of cost of capital and sales growth.

The recognized weaknesses were studied in detail to gain a thorough understand-
ing of their nature and underlying dependencies. Notably, the weaknesses seemed to
form an underlying web of weaknesses, in which one weakness could not be efficiently
improved without proposing further improvements to simultaneously address also the
other weaknesses. As a result a new thread-oriented valuation method to overcome
these weaknesses was introduced.

The new thread-oriented valuation method focused on simplicity and accuracy,
while concurrently enforcing the overall valuation process to view the clinical pipelines
from a completely new viewpoint. Rather than focusing on one generalized treatment
and condition pair, the clinical pipeline is split into various treatment and condition
pairs as each of the various conditions have their own historical probabilities of
success for the treatment in question. This new viewpoint enabled the treatment
and condition specific probabilities to be accurately implemented into the valuation
process. Moreover, it became evident that also the associated historical probabilities
needed to be adjusted for each of the treatment and condition pairs. These adjust-
ments to the probabilities were associated with the need for a treatment, possibility of
economic abandonment and general market potential. Other improvements included
the calculation of WACC based on statistics, the calculation of sales growth rate and
the patents’ effect on terminal growth rate.

The proposed thread-oriented valuation method was demonstrated by implement-
ing the valuation process to a novel cancer treatment, Clevegen, which is currently in
clinical development. At each valuation step, the rationale, derivations and outcome
were examined in detail to reach a thorough understanding of the process. The process
revealed important treatment and condition specific factors, which would have gone
unnoticed with the traditional methods. As an example, colorectal cancer accounted
for more than 55% of treatment eligible patients and is weighted accordingly in the
valuation process. As a result of the valuation process, Clevegen was valued at 492
million euros with currently publicly available knowledge. This valuation result is
approximately 13% higher as would have been the case with traditional valuation
methods.

The proposed new thread-oriented valuation method was not able to completely
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mitigate the weaknesses associated to the valuation process of developmental phar-
maceutical products. Especially the need for approximations could not be effectively
addressed because of the forward looking and predictive nature of the developmental
product itself. However, the proposed thread-oriented valuation method arguably
does provide a rational step towards increasingly accurate valuations in the context
of clinical pipelines as it indeed provides several reasonable improvements in contrast
to the traditional valuation methods.

It is difficult to determine if a certain valuation method is more accurate than
others. However, with the proposed improvements it is reasonable to assume, that
the output of the proposed thread-oriented valuation method is no less accurate
than traditional methods in the same context. Moreover, it is also reasonable to
assume that in some scenarios the thread-oriented method does actually provide
increased efficacy in relation to the traditional methods. However, the improvements
to the traditional valuation methods cannot be exhaustively proven, as the nature of
valuation is always subjective. The ratification of these presented improvements lead
to the most primeval question: What is the right price of an asset and how can it be
proven? Perhaps some justification to the model could be acquired with the analysis
of historical transactions.

5.1 Discussion
The proposed thread-oriented valuation method is a not a perfect answer to the
question of clinical pipeline valuation during development. However, it provides
a view which has not previously been thoroughly addressed in the literature and
presents one partial solution towards more accurate valuation calculations.

The strengths of the thread-oriented valuation method arise from its fine-grained
view towards each treatment and condition pair, and the thorough research and
analysis conducted on each of these individual treatment and condition threads,
which ultimately combine to form the valuation for the whole clinical pipeline. This
viewpoint provides a setting, which enables the clinical pipelines to be valuated with
detail and precision.

The thread-oriented valuation method has also some weaknesses. For example, it
is not able to address the need for approximations, which account for a significant
part of risk in the calculations. This weakness is also present in the more traditional
valuation methods. To overcome the need for approximations, the knowledge regard-
ing the future needs to be addressed in a completely different manner, which may
not be possible with current knowledge.

In addition to approximations, the addition of new attributes and probabilities
and their adjustments provide a new risk. The historical statistics may be misleading
and because the statistics are based on history they may not be applicable to the
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current market situations. Furthermore, it is important to acknowledge also the
information and possible lack of expertise in this context. As the valuation of clinical
pipelines is a multidisciplinary subject, it is seldom the case that the unique treat-
ment and condition pairs are properly evaluated without expert knowledge in the
field. It is rare that this expert knowledge would be known to a single analyst and
therefore additional outside resources and experts might provide a useful addition
to the valuation process. In a way, the increase in valuation accuracy comes at an
additional cost, which may however be overcome, but nevertheless should be consid-
ered accordingly. Presumably, the probabilities associated with unique treatments
may be improved drastically with expert knowledge in the field. In later studies, the
expert opinions could be implemented into the proposed valuation method with the
use of a systematical eliciting process regarding the validation of expert opinions.
This could enable the most accurate exploitation of expert opinions, thus mitigating
the uncertainties associated with the various approximations [18].

An important question regarding the accuracy of the valuation is the need for the
accurate valuations. If the accuracy can be shown to improve with the thread-oriented
valuation method, is the improvement large enough to provide value for investors?
In other words, does the 13% adjustment in the valuation provide enough value to
be of benefit for the investors, or is it enough that the valuation is “close enough”
to the real value? This question may be thought to correlate with the riskiness
of the subject being valued as investors need to consider larger safety margins for
their investments when the riskiness is high. To reach a comprehensive answer more
studies would be required.

In future studies, various important improvements to the thread-oriented valuation
method should be introduced. For example, one important attribute is the correlation
between a failure in one treatment and condition pair and the success in other pairs.
In other words, how tight is the bond between each of the treatment and condition
pairs in terms of success and failure? If one thread fails, how likely it is for the
other threads to fail also? It would be interesting to also address some real world
scenarios in the valuation method, such as licensing deals and their probabilities and
also company and pipeline level synergies and dependencies, thus enabling a more
appropriate fit into investment decision models and portfolio management.
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A Appendix - Valuation calculations in detail

A.1 Clevegen and Pancreatic cancer
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A.2 Clevegen and HGS Ovarian cancer
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A.3 Clevegen and Gastric cancer
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A.4 Clevegen and Colorectal cancer
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A.5 Clevegen and ER+ Breast cancer
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