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ABSTRACT

Financial mathematics; Valuation

The current article opens the door for practical implementation of multinomial rejoining tree while citing trinomial
rejoining tree as an example where valuation of project increases substantially. When a failure happens at an
intermediate stage, based on information and data generated in the process which lead to failure at that stage, as well
as based on risk appetite, the project manager or investor can re-invest a fraction of the original planned cost for that
stage, to possibly get success. This is how practically problems are being tackled in real world project management,
and so it should be for biomedicine. This practical approach is being captured by a new financial mathematical
model of trinomial rejoining tree with risk-appetite factor incorporated into it. This method results in much higher
valuation than previously known methods, and the method is a more realistic representation of how a manager
should take care of finances for a project such as in bioinformatics or software development.
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INTRODUCTION

Trinomial risk appetite re-joining tree real options
valuation

One of the interesting ways to value a project that may have many
foreseeable and multistage interdependent outcomes is a real
options valuation methodology. The real options valuation not
only takes into consideration the time value of an outcome but
also optional outcome of an entire project. Simply considering
the Net Present Value (NPV) or Net Present Worth (NPW) [1] of
a project is not adequate to evaluate true and possible worthiness
of a project in hand that takes nearly a decade to complete
until commercialization sets in. This paper is a follow up of the
conference publication on this model [2]. Although it is very
likely that in the couple of years since publication of this paper
in international journal, there might be more similar work that
could have been produced, the idea of eventual publication of
this work to a journal which is open access is to expand the reach
to the financial and scientific world.

The options pricing method thus can help in bridging the gap
between a business professional and a research professional as in
the details of the merits of the procedure can be captured and
tapped into, at different stages, for the true worthiness of the

project.

It not only benefits product development, but is also needed
for the purpose of government regulation and approval, such as
the Food and Drug Administration (FDA) in the USA. A vast
majority of such biochemical compounds which can possibly be
classified as a successful drug get abandoned and never get to
reach the intended consumer market.

Matrix of valuation: The aim of this work is to combine the
steps from the technical and business perspective starting from
the point of data generation to commercialization while using
financial instruments of real options valuation to generate
a matrix of valuation at different stages. However, even if not
purchased, investments at every stage can always be thought of
as a call or a put derivative as we would eventually illustrate. The
valuation generated is the key component and fundamental step
that needs to be done with a lot of precision before getting into
the M and A negotiation table.

The valuation of research outcome becomes more critical for
independent labs that do not have huge investments backing them
up to see outcomes in a span of 5-10 years. These independent
labs though based within hospitals or academic clinics well
operated by a combination of state/federal government grant
money along with short-term support from corporations.
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MATERIALS AND METHODS

Volatility factor in ‘Big Data’ personalized genomic
medicine era

Another factor that would be critical to the successful modeling
of an intermediate or final stage of a project would be the
associated volatility. Volatility in many ways is a representation
of the risk associated of a project to be successful or not. High
volatility would imply high risk. Volatility can in many ways be
regarded as the standard deviation of a normal distribution. A
high standard deviation implies that you are indifferent towards
how much people react and penalize or boost the stock price, and
that would imply a risk loving behavior. A more sensible way to
consider low risk is by keeping lower standard deviation as that
would also help in calculating the true optional valuation of the
project and such investor are ‘risk averse’.

Predictable product shifts

One reason for reducing the permissible risk is to way-less than
one standard deviation, 6, in an intermediate or final stage is due
to the fact that with tremendous support from informatics and
heuristics systems for knowledge base, such as bioinformatics and
pharmacogenomics in the case of pharmaceutical firms, much of
the responsibility to device correct and more predictable product
shifts in the first R and D phase itself, thereby proposing more
promise for a successful implementation of the project in future
stages.

Residual factors

Traditional models of valuation even by real options method
typically assigned a return value of zero if an intermediate stage
is a failure. This can perhaps be revised as even in the worst of
case of complete deadlock in moving ahead, there lies some
residual value such as cross usage of production components
such as software, or the compound to any other project. This
residual factor of some value generation even if the milestone of
intermediate step was not achieved, as further substantiated by
the fact that the company is willing to re-invest a fraction of the
original budget for that step, would clearly be more promising
news to those who have vested interest in the firm’s activity such
as the share market.

The trinomial rejoining tree model proposed in this paper thus
also serves to reduce the adverse effect of stock price reaction that
the company would have faced if it used the previous binomial
tree model such as in article of Shockley, et al. [3].

The challenge thus lies with the management to well understand
the non-myopic nature of re-usability of the components,
staffs, sub-product of the project in another project, and most
importantly, determine the right fallback valuation of the project
depending on the stage.

Risk-neutral probabilities

An important concept that needs an understanding is the risk-
neutral probability [4,5]. Risk neutral probabilities are the
probabilities of future outcomes adjusted for risk, which are then
used to compute expected asset values. Once the risk neutral
probabilities are calculated, they can be used to price every asset
based on its expected payoff [4,5]. A key concept in determining
risk neutral probability is to avoid arbitrage possibility. In other
words if we for instance have O sum at the moment then the
probability of going up q multiplied by the reward money of up
transition, summed to probability of going down(1-q) multiplied
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by penalty of going down should be 0.

0=q x Reward+(1-q) x Penalty

However, for sum not starting at 0, the lefthand side of the
equation will be that value and the penalty need not be negative.

For more than 2 branches of possible outcome, all outcomes are
multiplied with their reward/penalty and summed up.

RESULTS

It should be kept in mind that these values are theoretical and
real-world probabilities are different. Nevertheless, it gives a good
starting point for asset valuation, which the investor can then
vary based on his risk appetite of how the prospects can change.
The risk-neutral probabilities are applied for binomial, trinomial
or multinomial tree in a backward fashion to get the value of
intermediary stage and ultimately the first stage of investment,
since the return of investment would start from the ultimate
branch point where the end consumer pays for the product or
where the B2B sales point kicks off or B2ZP2B where B stands for
business and P for platform such as over a software application.

Trinomial rejoining tree valuation model without risk-
appetite

Below in Figure 1 for the sake of 2-dimensional figure simplicity,
an example of a trinomial rejoining tree is given with the major
steps shown. The major steps would be carried out in timely
manner as stated if each stage is successful i.e., V25 stage is
followed by V22, followed by V17, followed by V10 and lastly
V1. Note that the prefix V is used to denote ‘value’ at that stage,
and as you must have already noted that projects that does not
succeed also have some values in it due to the various reasons
stated in my arguments earlier as there are still many points of M
and A possibility and complete sale possibility. Not to forget the
trained staff in that stage is also an asset at least for the routine
operation of notso-complicated or semi-skilled work that can be
put on table for negotiation. A formal calculation of valuation by
risk-neutral probability will be discussed later.
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Figure 1: Example trinomial rejoining tree.

Below Table 1 lists some of the key parameters that can be used
for different stages using statistics for upward, downward jumps
and horizontal movement based previous known recent data
for that stage such as time for completion, success and failure
rate if the method applied for that stage is already known to be
more or less the same as one used by current practice. These
parameters are those for trinomial rejoining tree [6,7]. The risk
free parameter used is ‘t’ and the discount rate is kept as ‘d’,
the values for which can be adjusted as per the greed, desire or
market competition for the sector. Transition probabilities are
also stated. Theoretically speaking if for example if a project from
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V25 stage does not succeed to reach V22 successful stage, it can
either end up as a near failure such as V24 stage or with possible
results of hope but not complete success as desired such as V23.

As delta T varies for every stage and so does sigma, the value of
u, d, Pu, Pd and Pm will vary for every stage. A trinomial tree
at stage V1 is added and not on other variables because only
if the product is successful can one think of going to market
on own or going for a license or a combination such as a non-
exclusive license. Theoretically speaking, an aggressive investor
might not loose complete hope even when the first stage would
reach V24 failure stage and might want to invest an amount to
get back to success stages. Similarly, a reasonable investor, though
despite having option to sell assets and values generated at V23
intermediate success stage might still want to invest time and
money to get back to success stage as there are still possibilities as
shown by green arrows going upward.

Table 1: Trinomial rejoining tree model parameters.

Parameters Values Constants
. . . Risk -Free
Half sigma Sigma H=0.5*(sigma) 5%
rate,
Discount
umps - 11%
Jump rate, d
Upward jump size = (Sigma ) *sq 2*dela T)
Movement m=1
horizontal

Downward jump size J=eHSigma H) “sa 2delra T))

Dummy variables

Dummy 1 a=eEdelaT)/)
Dummy 2 o= Sizma H “sq. root (eliaT)/2)
Dummy 3 c=e(Sizma ) *sq. roor (deliaT)/2)
Transition probability
Up pu=((a-b)/(c-b))*
Down pu=((c-a)/(c-b))?
Middle pu=1l-pu-pd
Trinomial rejoining tree valuation model with

reinvestment risk-appetite TTHA parameter

Reinvestment fraction: A parameter ‘reinvestment fraction’,
‘@’ (pronounced ‘ttha’ from Hindi word derived from Sanskrit)
can be used to match the risk appetite of the investor where
the Sanskrit word (pronounced ‘tthagna’) implying finding a
loophole in the trade tells the merit of the reinvestment process
for the investing firm.

OPEN aACCESS Freely available online

Let us say that the investment required for an intermediate
stage to go to the success stage such as for stage 2 would be 0*
[V22-V23|. Note that this reinvestment fraction parameter can
be applied for any stage, but obviously not the starting stage.
Cleatly, if & is > 1 then there is no sense in the reinvestment
process. For cases where © is <1 then the investment is worth
the time. At this stage an evaluation whether to sell the assets or
to go for a re-investment is totally dependent on the value of ©.
How actually this reinvestment fraction changes and increases the
overall valuation incorporating changes to risk-neutral probability
of the project will be discussed in later section of the paper.

A realistic situation can arise when despite one intermediate
success stage the company manages to reach V2 stage, but
unfortunately missed out the initial plan for time to market and
a competitor already got into the market at that stage. So the
company would evaluate its option of a ©*|V1-V2| and would
see if it makes sense to quickly get into the market again with the
investment and gain market share, or think of negotiating with
the competitor for M and A possibilities.

Yet, a further revision of the model would state that the failure of
next stage investment will at least retain the value at the previous
stage. Here again, assuming not much changes in the market in
terms of competition, in terms of value of worthiness of certain
milestone already achieved, and the failure of new investment
search does not in any way undermine previous achievement.
In that case the figure 2 would be a more realistic realization of
the value, and we will go by this. Note that in this model the
reinvestment of factor © has to be done with the next successful
stage which is horizontally achieved.

For instance if V4 was the intermediate success result of previous
stage of V5, then an investment at V4 can result in success V2
which is greater than V3, the possible success value of previous
stage at V5. A semi-success at V4 can result in V3. Speaking in
practice, this simply means that an investor just expects a semi-
success to be achieved at a stage i.e., a horizontal movement in
this model, and for which he would invest if the investment is ©
|V4V3| where O<1. In practice a normal investment would be

done if ©<0.5.
Valuation of project stages by making a case

Now, for the sake of argument to see how the model would fit
into the study, we decided to compare the model using the same
numbers and events of a similar study that was conducted for
a company called Wahoo Genomics Inc. [3]. Below, in Figure
2, you get to see the major steps considered and the proposed
investment in each stage.

Apr02  Oct-02  Apr03  Oct-03  Apr-04 Oct-04  Apr-05  Oct-05 Apr-06 Oct-06  Apr-07
PRECLINICAL TESTING
N n
€ T
$2 million
INADA
$1 million
FIELD TRIALS
Py »
© i
$5 million
NADA
$0.5 million
MARKET
Figure 2: Timeline of R and D stages for Wahoo Genomics investment in a drug for a food animal.
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To briefly explain each step, the Food and Drug Administration
(FDA) tightly regulates the approval process through a sub-
agency called the Centre for Veterinary Medicine (CVM). In the
preclinical stage Wahoo genomics will conduct laboratory testing
to see if the drug has any possible promise or not. This again can be
a possible success, possible failure or an intermediate horizontal
move of hopes, as per our trinomial rejoining tree model, and
the investor can decide accordingly based on the risk appetite and
reinvestment fraction, ‘®, needed to go ahead. Company officials
expect this to take 18 months and cost $2 million.

Based on previous historical data, a probability of 5% of its
success can be applied. After the completion of preclinical
testing phase, Wahoo Genomics will initiate the formal approval
process by asking the FDA for Investigational New Animal Drug
Application (INADA). This stage can take up to 6 months and
can cost $1 million. INADA provides very specific guidelines for
how the new drug must be tested as well as for the disposal of the
tested animal. The probability of success for this stage by itself is

OPEN aACCESS Freely available online

75% (Figure 3).

Credibility of data: On grant of INADA, field trials can begin
which typically can take 2 years and would could about $5 million
as per previous data estimation.

This stage in itself has been reported to have a success rate of about
25%. The next stage would be the New Animal Drug Application
(NADA) to the FDA. This stage would cost $ 0.5 million and
has a 75% possibility of success at this stage. Even after approval
or before that the company can look at the competitor behavior
and market changes and respond accordingly since there will be
investment of the order of $10 million to channel the drug to
end customers. Other options to consider would be granting
non-exclusive license to another firm or go for subsidiary channel
and explore other M and A options that would best suit the status
of market competition at that moment. The total probability of
success going through all the stages would be 0.0 x 0.75 x 0.25 x
0.75=0.007 or 1 in 142 (Figure 4).

Figure 3: Revised model of where values vary only vertically under fair

probability will be calculated backwards later in this paper.
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stage can completely go waste leading to no increment in value as shown in horizontal transition. In rare situation, an investment can actually
result in realization that the value at previous stage was erroneously calculated to be higher, and is depicted by downward arrows. The risk neutral

assumption that there can be situation where the investment at a particular

Figure 4: Valuation if a failure in investment does not erode previous
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For sake of simplicity based on historical figures as reported in
article [3], the initial penetration rate of 3% can be considered,
and given that the drug is successful, the penetration rate can
increase up to 50% over 10 years, and this can be used for
accumulating the wealth generated, that can be discounted back
to current year, assuming a very conservative market size of only
$85 million per year.

After 10 years, there will be substitutes and competing products
that would be launched and would lead to negative penetration
and thus declining market size to be considered for revenue.
Please also note that we are currently in 2002 as that is when we
would be able to make a fair comparison with the binary model
proposed by at that time to the revised trinomial rejoining tree
model as discussed in this paper, and for comparison sake, the
numbers and assumptions have also been kept the same as that
used earlier. It should be emphasized that the model can work
pretty much in good form for current year of 2017 or beyond.
Table 2 below gives some of the assumptions used for various
calculations needed later.

Table 2: Assumptions as used in article (Shockley, 2002) for Static
Discounted Cash Flow (DCF).

Discounted (%)
$85 million

Assumptions per year

Expected market size per year

Real growth in market per year 0%
2007 penetration rate 3%
Terminal penetration rate (2017) 50%

Growth in penetration rate Straight line

Cost of goods sold 30% of sales

SG and A expenses 25% of sales

Working capital commitment 10% of sales

Marginal tax rate 12.10%

Cost of launch in 2007 $10 million

Depreciation of launch costs Straight line
Terminal growth rate after 2017 -20%
Real$ discount rate 11%

Using these values the return on sales for the next 10 years are
conditional success of the product approval from all the stages
are shown in Table 3 below. Note that the terminal value is
accounting for whatever revenue generated for the rest of the
years following the 10 year period, given that there is a negative
growth rate as discussed earlier.

This Net Present Value (NPV) of $41.63 million need to be
discounted back to 2002 year and also probability adjusted for
its success by standard DCF model such as shown in Table 4 and
when doing so, the valuation would come out to be-$2.02 million
which would lead to Wahoo Genomics to stop thinking of even
starting this venture.

Need for a more realistic value capture financial valuation
model

The NPV analysis done in the previous section would clearly put
the investors on back-foot and not proceed further to venture into
the business plan. Thus, this would not be a sensible approach
for the company needs for a more sensible financial mathematical
model.

Financial options of execution: The standard NPV approach
is thus misleading as it does not capture the true value of the
intermediate and thus overall product especially if there is
optionality that this intermediate value can be put into. Summing
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up different stages, the project will be not just ‘options-on-
options’ but ‘Multiple-Options-On-Multiple-Options’ (MMOs).
The options-on-options feature is derived simply due to the
fact that an option executed at one stage has thus an effect on
option that is executed on previous or subsequent stage. Here,
as we are in a trinomial rejoining tree, at every stage there is
more than one option, and thus multiple option scenarios comes
into picture. Clearly, the value of © will make an impact in the
decision making.

To see this, look forward in time and suppose that the R and D
program has been completed through the field trial stage and
thus has a value of V5. Figure 5 below shows a realistic decision
option a manager is stuck at field trial stage to exercise.

As shown in Figure 5, an investment manager can expect from
investing in NADA stage would be the average of all three
possibilities of success V3, failure value which will be the same as
in previous stage V5, and semi-success V4, and then deduct the
investment required to make a decision.

Figure 6 below represents a European call option scenario where
the company can buy the option at the completion of field trial
stage by investing $500,000 if the value of the project i.e. average
of V3, V4, V5 is greater than $500,000. If not then the company

would not invest in call option and simply retrieve value V5.

Now stock price in itself cannot be affected by just a single project
for a firm unless it's very crucial project. The stock price movement
will depend on lot many factors as it is to do with a normal stock
price movement as observed in other sectors. Nevertheless, if the
project is very critical, or if the project is that of a newly formed
public limited company, the stock prices can well be designed and
priced as derivatives using the methods and analysis suggested
here for valuation of a stage.

Call option parameter

If the project is semi-successful then the next time period zone is
achieved where the current value would still be V4 and the value
of © will come into picture i.e. © |V4V3| can be the call option
parameter instead of taking the average of possible outcomes.
Once again, if ©>0.5 (say for a moderate risk taking investor),
then clearly the call option can be abandoned, and if ©<0.5, the
option can be exercised. The & parameter multiplied by value
difference from the closest success would be a better and finer
way of call option valuing rather than taking the average of all
possible outcomes.

In the field trial stage itself, i.e., at value V5, the investor can
decide to invest or not depending on whether $ &*|V4-V5|>
$500,000 for instance of investment. ® is in a way calculating
the reciprocal of return worthiness of an investment. In this case
for instance, $500,000/$|V4-V5| gives value of © as >1 if |V4-
V5]=$500,000, which implies that enterprise is worth the same
risk of return as investment. A moderate risk appetite investor
would look for a value of © as 0.5 as then its reciprocal is about
2 times the return in investment. In this case if $500,000/$ | V4-
V5| is greater than 0.5, then for a moderately risk-taking investor,
that would be a risky investment, if less than 0.5 it would be an
investment worth considering. In any case almost any manager
or investor would not mind keeping © as 0.1 if there can be
possibility of reasonable success within a permissible time-span if
that can increase the worth of that stage justifying the sunk cost
to be not really a sunk cost, as we discussed earlier.

What value of O that matters to an investor is totally personality
and project dependent, however, introducing this factor does

5
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make a lot of sense to reflect practical and realistic situations
(Figure 7).

Multiple-options-on-multiple-options explained in detail
MMOs holds good for overall valuation in such valuation
techniques where the outcome at every stage is more than two,
such as the trinomial re-joining tree model discussed in our case.
This is nothing but a chain of options, i.e. options on options,
but given that on every option outcome, there can be more than
one options applied on it and so it’s named as multiple options
on multiple options, instead of just chain of options. It should
be noted the MMOs can also hold good if for some reason the
branches at any intermediate stage for some reason can be more
than 3 as well such as 4 or 5.

Call option pricing

In our trinomial rejoining tree model, as at each step the option
can be considered to be having a call price movement of either
the average of three possible outcomes or through the © way of
valuation for the next incremental success possibility. For most
calculations ahead the & way is chosen for call options pricing
at a stage that builds upon option of other stage in similar way.
Nevertheless, every stage has three options of investment to
pursue and purchase a call option, and that is dependent on
how that stage was reached. Was that stage achieved as a result of
success from previous stage! If yes, then the investor would likely
be interested in purchasing an option call for the next success
stage.

The second circumstance could be that if this stage was achieved
by horizontal movement say from V5 to V4 and we are currently
at V4 and the investor thus does not look too much convinced
to invest $10 million to enter V2 stage but would rather invest &
times the difference of V3 and V4, to see partial success of getting
to V3 stage rather than risking to see V2 stage. Yet, at this same
situation the investor can also abandon any call option purchase
as well. Thus the multiplicity of options by which the option
pricing can be set at the stage and builds upon future stages in
similar way makes MMOs a much versatile derivative models for
trinomial rejoining trees projects.

Building one option on another

Multiplicity of call options also arises due to the basic nature of
the problem of multi-stage project itself, since investing at any
stage is the same as betting for a favorable return at a future date,
but the favorable return at that future date is itself dependent on
investing at that stage, which is the same as buying a call option
to bet a favorable return at a future date when that stage finishes,
and so on and on, thereby essentially building one option on top
of another. Figure 8 below lists the various ways by which MMOs
build upon for our case.

For sake of simplicity, and clarity of picture not all investment call
options are shown. For example an investment of $5 Million will
be needed for every points connecting V5 to V3. Similarly, V6 to
V4 would need investment of © |V4-V6].

Derivation of financial valuation of MMOs

The underlying assets of all the stages are multiple options with
the exception of the last stage for which the estimated cash flow
is $51.6 million after entering the market with investment of $10
million at V1 stage. At this stage it can be assumed that if there
is no intermediate stage or if they have been already successfully
completed then the company can go to market with an option of
$10 million. Given what was known in 2002, the expected cash

J Proteomics Bioinform, Vol. 16 Iss. 1 No: 1000629

OPEN aACCESS Freely available online

flow in 2007 ‘Present Value’ (PV) was $51.6 Million as stated
before. However, we would like to know its current value in April
2002 and not its exercise value in April 2007. Thus applying a
discount rate of 11% risk adjusted percentage for DCF analysis,
the starting value of the underlying asset is $51.6/(1+0.11)5=$29.8

million.
Volatility

In an option, the volatility of the underlying asset is a measure of
how much the underlying asset’s value can change (per unit time)
between the initiation of the option and the expiration. In our
current context of real options, the volatility can be considered
as the uncertainty about the initial estimate of the value of the
underlying asset at various stages.

For the time being we can consider volatility (Sigma, ) of 100%
i.e., the true value can be double the amount estimated to almost 0.
This volatility figure can be matched to management’s subjective
probability of success, as this volatility estimate is a reflection of
the risk that the project has to eventually get successful. A low
risk project as the management would know would have high
probability of success, and since it would hold the same for
competitors in market, the return would not be that high. For a
high volatility project, which has little chances of getting through
the last stage, the risk is very high say more than 300% and so the
return could also be very high. Typically, in biopharmaceutical
and biotechnology sector, it does not makes sense to keep the
volatility risk of less than 100% given the complex uncertainty
involved in intermediate stages.

For the sake of simplicity of calculation, apart from volatility
factor of 100% per year, each time step taken is of 1/2 a year
in the analysis, such that at any step, the next step will have an
upward, downward and horizontal jump factor of 1.65, 0.61 and
1 respectively, as we get the values by feeding into the parameters
as in Table 1. Now realistically, as we stated, a horizontal jump
would not be of the order of 1 but a factor of slightly more than 1
since there will be some added value in any case. A realistic add-on
could be at least equivalent or proportional to the reinvestment
percentage for that stage, i.e., reinvestment risk appetite parameter
TTHA, &, say 10%, of the difference from upward jump which
would be in our case 10% of (1.65-1)=0.065. Thus, the horizontal
jump should be adjusted to 1+0.065=1.065. Thus, we would first
make a trinomial rejoining tree with keeping horizontal jump
value as 1, and then adjust the horizontal values by the effect of
O. The probability of success, failure and intermediate success
after every 6 months would be 0.21, 0.29 and 0.50 respectively
for same values of volatility of 100% per year and taking risk
free rate of 5% as a modest figure and plugged into the Table 1
formulae. Clearly, even under these modest assumptions a very
high probability of 50% exists for the project to advance only at
horizontal pace of intermediate success. Figure 9 below lists the
trinomial tree with rejoining capability without adjustment to
horizontal © values and with all possible redundancy in values to
show how rejoining takes place.

The colored values are the unique values which can represent
nodes in trinomial tree where multiple branches merge. Figure 9
below shows the valuation at each intermediate stage with only
the unique branch node points values displayed (Figure 10).

Finally we adjust the values such that the value of reinvestment
appetite, TTHA, O, is kept to be a reasonable number of growth
and progress expected per step of modest 10%. This value can be
adjusted as per the risk appetite of the investor for the additional
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investments he seeks to do for an intermediate result movement.
The reinvestment amount that needed due to © would be
considered at later section for discounting from the overall profit.
Figure 11 summarizes the final table of valuation.

Next, once we have determined the possible outcomes of
revenue at the pre-market state, we can work backward given
the profitability situation or business sense of a) exercising a call
option of $10 million if it made business sense, or b) simply not
exercising the option and so getting a return of zero. This will
change the values as in Figure 12 (note that revenues are shown
at this stage of discussion and profits will be shown later).The
profit would be subtracting 10 Million from the positive numbers
which show revenues for those cases where the call was exercised.
‘0’s are for those cases where the call was not exercised.

The cost of purchasing call option before-hand can be always to
some extent of more-or-less offset by the intrinsic value generated
till that stage where the values are thus shown to be zero. This
is because, in reality, the return in ‘no exercise of call option’
cases should not be zero but negative, owing to the fact that there
are costs involved in purchase of patent but that can be always
covered up by the fact that there are some asset always for sale
even in case the project is a failure as you would notice some
values in Figure 11 last column which has been put as zero in
Figure 12.

We can then work backwards in time by calculating at each
trinomial node in October 2006, the expected present value
using risk-neutral probabilities and a risk-free discount rate. The
latter correctly adjusts for the market risk of the project, which
for a risk free rate of 5% and time steps of 6 months is expr x
t=e0.05 x 0.5=1.025. The Risk-Neutral probabilities are largely
the transition probabilities as was shown in Table 1 whose values
can be as shown in Table 5 below for the dependent parameter
values considered in our case for Wahoo Genomics. The sum of
these risk-neutral transition probabilities is always 1.

Thus, any node would have a value that is the projection of
transition probability weighted value of the 3 nodes that can
emerge from it and then discounted back by a factor of risk free
discount rate.

Value of a trinomial node={(upward-transition probability) x value
of upward resulting node+(horizontal-transition probability) x
value of middle resulting node+(downward-transition probability)
x value of downward resulting node}/exponentia](riskiree rate * time for

sub-stage)

Vnode={Pu x Vu+Pm x Vm+Pd x Vd}/ert

Doing it as an example for the first top-most node in October

2006 it will be:

={0.2141100292 x (4422.712141)+0.4972204404 x
(2950.761564)+0.2886695304 x (1968.700094)}/1.025=2909.6
87533 Million USD

If we simply consider the fact that there were no investments
needed in intermediate stages, then complete backward
calculations using the formula stated above, would look like that
in Figure 13.

However, as we know that at each intermediate stage there
is an investment needed that can be thought of or actually
implemented as a call option and thus if the valuation at that
stage is not profitable, the option is not exercised.

This has to be done for every stage and the investment needs to
be further processed at each stage showing effective profit instead

J Proteomics Bioinform, Vol. 16 Iss. 1 No: 1000629
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of pure revenue. For the first stage the graph will look as in Figure
12 with a minor change of deduction of 10 million USD has been
either exercised where it made sense or not exercised keeping
profit to be 0.

Value generation versus option selection

The same situation can arise in NADA stage in April 2006 where
the concern is that does buy the call option of $500,000 in the
form of investment (or actually an option) makes sense as the
benefits of buying this option would be reaped only a year later
in April 2007. However, since their possible valuation given the
stage at which the project is, can be evaluated using the risk-free
discount rate and trinomial node rejoining methods of risk-
neutral probabilities, one can then decide to either a) buy the
option or invest and get the profit as valuation at that stage less
option price or b) do not exercise option and thus have zero.

The argument that the real value would still not be zero in case 2
still applies as was discussed several times and in previous cases.
These two scenarios of call option by first valuation generation
and then deciding to go for option or not can be applied at each
stage subtracting the investment for that stage such as $5 Million
in April 2004 at the field trial stage, $1 Million in October 2003
before INADA stage and $2 Million in before April 2002 to get
into preclinical testing phase. The whole chart is shown in Figure

14.

It is important to note that since we are keeping a trinomial re-
joining tree as a model, thus the risk-neutral probabilities remain
the same in this model, and the real case scenario will be slightly
different, as this model serves as a template form for project stage
valuation and helping to guide whether to invest or not at a stage
as a decision tree.

Subtracting the value of re-investments using TTHA, S,
factor

A practical application of the model would also involve subtracting
the re-investment money needed to go from a complete failure
to an intermediate success stage that would be © or 10% of the
amount for that stage. For steps more than 6 months, the step’s
investment can be broken down into sub-steps of 6 months each
to get a rough understanding of investment at each stage and thus

the value of ©.

For instance the field trial stage can be broken into 4 sub-stages,
thus having a sub-investment of $5 Million/4=$1.25 Million and
thus the value of © will be 10% of $1.25 Million=$0.125 Million.
In reality, only few of the sub-stages might need the addition of
S, but for argument sake we can take into account the worst case
scenario of all the sub-stage of every stage required reinvestment

of O.

As the final launch to market stage is not considered as a sub-
stage, we would not consider that investment to be as part of
reinvestment O requirement. In that case for the worst-case
scenario, the reinvestment amount would be 10% of (2+1+5+0.5)

Million USD=10% of 8.5 Million USD=$0.85 Million.

At this time when the final model has been generated, it should
be emphasized that there were certain assumptions like volatility
of market and penetration in market that were assumed to be
a fixed and constant values, can be actually played with in real
world scenario.

life biotech project examples to demonstrate reinvestment
benefits

Example by Drug Reposition Research Work: The outcome
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of a process at any stage may not be a definitive Success or
Failure. Articles [8-10] talk about recent methods using big
data from healthcare for the methodology and benefits of drug
repurposing. For instance if a project for big data analytics for
drug repositioning is done such as [8-10] for one year budget of
100K USD, and in the end of the year there is no successful final
result, as per previous models, it will regard 100K USD as a sunk
cost.

It will be assumed that the employee's contract is over and that his
codes cannot be read by the new employee who joins and thus the
money is purely wasted. The current work in this article provides
a model that, if after having spent 1 year of time and 100K USD,
if there are possible evidences that the results can be achieved
if the same staff programmer employee is made to re-check his
codes, then it is perhaps more sensible to invest a fraction of that
money, say that fraction is ‘TTHA’, O, into next stage and that
would make the so called sunk cost as non-sunk [11].

Thus, effectively by having spent say just 10 K USD more in
re-investment stage on the project instead of initially having
estimated 100K as that stage budget, the effective new sunk cost is
only 10K instead of whole 100K USD. Clearly, while a traditional

OPEN aACCESS Freely available online

means of valuation can lead to lesser valuation, the TTHA
affected reinvestment mechanism will lead to a higher valuation.
The calculation is not show here, as the calculation was already
shown for the Wahoo Genomics case study that was discussed the
project might continue by following traditional routes to solve
certain biomedical problem or the process in itself might become
semi-innovative, resulting in byproduct of additional value other
than the initial plan to solve a problem and thus an enhancement
in valuation as the by-product opens up new market to explore the
enterprise of apart from reputational value in general generated
from publication and the grant money from state and federal
government that it would likely attract [12-14].

Thus clearly, the values as we see if the board members cleverly
and realistically plan and monitor the steps involved can extract
out more valuation at each step from the project. The board can
also think of selling the intermediate step deliverables to non-
competing market to gain additional capital in between if it
thinks that by waiting too much can perhaps destroy the value
of the product generated in intermediate step, especially if it sees
this route as a means to financing its future steps in project and
there is a red-ocean competition around.

Table 3: Sales and revenues for Wahoo Genomics conditional upon product launch as used in article Shockley, 2002.

Products Apr-07 Apr-08 Apr09  Apr-10 Apr-11 Apr-12 Apr-13 Apr-14 Apr-15 Apr-16 Apr-17
Market size $85 $85 $85 $85 $85 $85 $85 $85 $851 $85
peneht’rl:tr}fj; e 3.0% 82%  134%  187%  23.9%  29.1%  343%  39.6%  44.8% 50%
Sales revenue $2.55 $6.99  $1143  $15.87  $2031  $24.74  $29.18  $33.62  $38.06  $42.50
COGS 0.77 2.10 3.43 4.76 6.09 7.42 8.76 10.09 11.42 12.75
SGand A 0.64 1.75 2.86 3.97 5.08 6.19 7.30 8.41 9.52 10.63
Depreciation 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Pretax profit 0.15 2.15 4.14 6.14 8.14 10.14 12.13 14.13 16.13 18.13
Taxes 0.02 0.26 0.50 0.74 0.98 1.23 1.47 1.71 1.95 2.19
NOPAT 0.13 1.89 3.64 5.40 7.15 8.91 10.66 12.42 14.18 15.93
di}‘i‘gﬁ;ﬁn 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
f;iggfs 113 2 .89 4.64 6.40 8.15 9.91 11.66 13.24 15.18 16.93
Change in 0.26 0.44 0.70 0.89 1.14 1.33 1.59 1.78 2.03 222
NWC
0.87 2 .44 3.94 5.51 7.01 8.58 10.08 11.64 13.15 14.71
Tenminal value 37.97
Free cash flow 0.87 2 .44 3.94 5.51 7.01 8.58 10.08 11.64 13.15 52.68
April 2007 value $51.63
Cost of launch ~ $10.00
AprN”PéOW $41.63
J Proteomics Bioinform, Vol. 16 Iss. 1 No: 1000629 8
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Table 4: DCF and probability adjusted NPV.

Sgg:liﬁionﬂf Culnulative Probability Apr-02 PV
Stage P ty probability of 1. weighted FCF Date using 11% ($
success . FCF ($ millions) 1 o
) ) entering stage ($millions) millions)
in prior stage
Exploratory Already Completed
Preclinical 1 -$2.00 -$2.00 Apr02 -$2.00
Inada 0.05 0.05 $1.00 -$0.05 Oct03 -$0.04
Field testing 0.75 0.0375 -$5.00 -$0.19 Apr-04 -$0.15
Nada 0.25 0.009375 -$0.50 $0.00 Apr-06 $0.00
Launch 0.75 0.00703125 $41.63 $0.29 Apr07 $0.17
Apr-02 NPV $2.02
Apr-06 Apr-07

MARKET THE DRUG

Payoft = avgofvs,va, vs

less investments till
NADA
INVEST LEARN
$500,000
in NADA
ABANDON

V5 less investments

P:ly()ff =till field trial.

Figure 5: Managerial investment decision payoffs at a certain stage.

-~ a om0

m o — W o<

$500,000

PN

April 2006 value of a call option with time ahead for one year -->

Figure 6: Call option that a company or investor can purchase and depending on the time of execution, its value can vary.
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April 2006 value of a call option with time ahead for one year -->

Figure 7: Using O parameter to evaluate the worthiness of an investment and the movement in call price option thereafter.
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Figure 8: MMOs at every stage: major investment and examples of intermediate investment options are shown.
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Figure 9: Trinomial re-joining tree construction keeping milestones achievement of every 6 months for all the phases.
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Apr-02 Oct-02

Apr03

Oct-03

Aprdd

Oct-04

Apr-05

Apr-06

Oct-06

Apr-07

298 49.12189387  B1.00479845  133.5543343  220.19387T17 363.03832  598.5450003  986.8404684  1627.024871 2682.510513 44227121141
298 4913189387  81.00479849  133.5543343  220.1938717 363.03832  598.5430003  986.8404684 1627.024871 2682510513
18.07461366 298 4913189387  £1.00473849  122.5543243  220.1928717 363.03832  598.54%0003 986.8404684  1627.0248T1
18.07461366 298 49131893387  B1.00479845  133.5543243  220.1928747 363.03832 598.5490003  986.8404684
1096280735  18.07461366 298 4913183387  B1.00479845  133.5543342  220.1938T17 363.03832  598.5490003
10.96280735  18.07461366 29.8 4913189387  81.00479849  133.5543343 220.1938717 363.03832

6.649278772  10.96280735  18.07461366 29.8  49.12189387  £1.00479849 1335542042 2204928717

6.649278772  10.96280735  18.07461366 2.8  49.13189387 81.00479849  133.5542243

4.03299144 6649278772  10.96280735  18.07461266 258 4913183387  81.00479849

4.03299144  6.649278772  10.96280735  18.07461366 298 4942189287

2446132959 403299144 6643278772  10.96280735 18.07461366 3.8

2446132959 403299144 6.649278772 10.96280735  18.07461366

1482654627 2.446132959 4.0329914 6.649278772  10.96280735

1.483654637  2.446132958 403299144 6649278772

0.899882026  1.483654637 2446132959 403299144

0.899882026 1.483654637 2446132959

0.5458060289 0.899882026  1.482654637

0.5458060389  0.899882026

0.3210480968  0.5458060289

0.2310480968

0.2007908206

Figure 10: Trinomial rejoining tree for valuation with only unique values at intermediate branches. Jump factors same as in figure 9.

Apr-02 Oct-02 Apr-03 Oct-03 Apr-0d Oct-04 Apr-05 Oot-05 Apr-06

1627.024871

0B6.8404084 1085.524515

508 5400003 658.4030003 T24.2442004

363.03832 300. 342152 430.2753572 483.204004

2201938717 242.2132580 266.4345848 203.0780433 322.2858476

133.5543343 146.8087577 161.6007445 177. 7608168 185.5350008 215.0805808

B1.00470840 8810527834 88.01580817 107 8173858 118.5801255 130.450038 143 5040418

40, 13180387 54.04508325 50.44050158 65.30455074 T1.93400581 7012740930 B7.04014703 0574418173

e 3278 36.058 306638 4353018 47283188 52 TE25178 5807 176856 G3.87TB046854

18.07461365 18.88207503 21.87028253 2405731078 26.48304186 2810834504 32.02028085 35.22230871

10.88280735 12.05008808 12.26400580 14.50140858 16. 05064524 17.6557 1085 19.42128105

5.648278772 T.31420885 8.045827315 B.850180045 8.735200051 10.70872808

403200144 4438200584 4 BTO910543 5387811807 5.904702788

Ttha Value 2445132050 2600746255 2. 85082088 3.255802058

] 10% 1.483654537 1.632020101 1785222111

Jump Factors |Values 0.8829882025  0.9808T7O2286

Horizontal jump factor (m) u 1648721271 0.5458060388
1+3 110% m 1.1
d 0.6065306587

Figure 11: ‘TTHA, O, adjusted horizontal growth trinomial rejoining tree’ model applied for our case of Wahoo Genomics Inc.

Apr02 Oct02 Apr03 QOct03 Apr04 QOct04 Apr05 QOct05 Apr08 QOct06 Apro7
4422 712141
2950761564
1968.700094
1313.484663
876.3355914
584.6765443
390.0868756

260.259615
173.6409796
115.8504357
T7.29352531
42.61899354
2349975116

1295756325

Doooooo

Figure 12: Exercise of $10 Million call option or no exercise in the last phase, showing the revenues.
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Table 5: Calculation of transition probabilities which also serve as risk neutral probabilities.

OPEN aACCESS Freely available online

Parameters Formula Values Constants
Half sigma Sigma H=0.5 x (sigma) 0.5 Risk-Free rate, r 5%
Jumps Discount rate, d 11%
Upward jump size u=e(Sigma ) *sa.2delea T) 1.6487213
Movement horizontal m=1 1
Downward jump size d=gSigma ) xsq2delea T) 0.6065307
Dummy variables
Dummy 1 a=e((rdela®/2) 1.0125785
Dummy 2 = tSiema H * sq. root (deltaT)/2) 0.7788008
Dummy 3 c=e(Sigma ) xsq. root (deltaT)/2) 1.2840254
Transition probability
Up pu=((a-b)/(c-b))* 0.21411
Down pu=((c-a)/(c-b))? 0.2886695
Middle pu=1-pu-pd 0.4972204

Note: As deltaT varies for every stage and so does sigma, the value of u, d, Pu, Pd and Pm will vary for every stage. A trinomialtree at stage V1 is added
and not orn other variables because only if tile product is successful can one think of going to market on own or going for a license or a combination

such as a non-exclusive license.

Apro2 Oct02 Apr03 0ct03 Apr04 Oct-04 Apr05 Oct-05 Apr06 Oct-06 Apro7
4422712141

2909.687533 2950.761564

1914273702 1941.296169 1968.700084

1259.384269 127717226 1295201211 1313.484683

§28.5512798 840.2473606 §52.1085469 864.1371693 876.3355914

5451011173 552.7959296 560.5993646 568.512955 576.5382561 584.6766448

358.5686098 363.6687378 368.8168448 374.0227727 379.3025914 384 6569417 290.0868756

235520074 238.9857284 242 4872251 246.0120288 249.541907 253.0645161 256 6368515 260.259615

153.8543862 156.2408859 158.680926 161.1741663 163.7162601 166.2903804 168.8405267 171.2239307 1736409796

99.27446962 100.8573918 102.4956594 104.1961784 105.9686574 107.8285151 109.802945 111.9377852 114.23782 115.8504357

62.72925193 63.67727913 64.66289473 65.69155051 66.76975113 67.90565975 69110230331 70.40410397 71.84622744 73.69703972 77.29352521
3942286133 3981733718 40.43009607 40.96411729 41.52149787 4210031836 42.68475752 4321131932 43.43806423 42.61889354

2326446644 2337406594 2347519061 23.56681919 236574576 2374642082 23.8450084 2395137977 23.49875116

1239851143 12.177401 11.9617841 11.712243 1144025676 1119577432 1119443673 12.99756325

549537657 5154239529 4.752712007 4.269147197 3.851372169 2706677312 0

Risk-Neutral P | Values 1.762672325 1.428073373 1.036994967  0.5853919504 0 0
Up 0.2141100292 0.2730068269  0.1181035014 a 0 0
Middle 0.4972204404 o o 0 0
Down 0.2836685304 1) 0 )
4] 0

0

Risk-Free Discount Rate
1.025

Figure 13: Backward value filling using risk neutral probabilities and risk-free discount rate assuming no investments in intermediate stage.

Apr02 Oct02 Apr03 0ct-03 Apr-04 Qct-04 Apr05 QOct-05 Apr086 Oct-06 Apro7
4412.712141

2902.747724 2940.761564

1907.785288 1936.291003 1968, 700094

1251.463764 1269.180717 1287.533992 1303.484863

819.7348108 831.1085601 842.5267442 8543810717 866.3355314

536.0305663 543437374 560.916712 558.4943111 566.7821586 5746768448

344.56658 354.4100745 358.3000737 364.2489737 368.2844475 374.9008442 380.0868756

220.810142 22492136 2331862598 23647686153 239.7688108 243.0463721 246.8807539 250.259615

139.5280277 141.5294266 144.6108123 191.8713237 194.1808464 196.5165814 158.8223827 161.4678332 163.6409796

85.51420828 86.667593  §7.87630826 9017678977 9663353158  98.20310146 100.029149 101.9196412 104 4817225 1058504357
47.80919799 50.37179345 50.87067769 51.39950756 52.99464896 58.77311602 59.63779802 60.630304398 61.82808348 63.94084216 67.29352531
27.02603552 26.95382034 28.91777216 27.89251242 32.98028968 23.06124085 33.13433182 33.19317536 33.68196666 32.61899354
11.80510357 11.21853508 11.77922634 16.38396261 15.82485864 15.35024682 14.62001231 14.19528221 1348975116

2628546295 2407804184 6.679433733  ©.050417751 5529266853 4703102151 4254627331  2.957563246

0 2294202735 1534059785  1.316373428  0.6884299144  0.6177989786 0

Risk-Neutral P [Values 0.558002521  0.3447330305  0.1438046332 0 0 0

Up 0.2141100292 0.03003002827 0 0 0 0

Middle 0.4972204404 0 0 0 0

Down 0.2886695304 0 0 0

0 0

Risk-Free Discount Rate 0

1.025
Investments (Million USD) [ [ [ [ [ | | [
2 1 5 05

Ci—

Figure 14: Final trinomial rejoining reinvestment risk-appetite affected net optional valuation and intermediate strategy.
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CONCLUSION

The net present valuation applied directly by discount rate
application gave a value of-$2 Million and the binomial option
method of management and thus the valuation as discussed in
the article of Shockley, 2002, for the same figures and case study
gave a valuation of $19.8 Million. The current model as proposed
in this work significantly enhances the management perspective
of the project and the valuation associated with it having a
tremendous impact on M and A activities at the beginning or at
any intermediate stage. The net valuation using this model for
same case study and metrics came out to be 2.5 x higher having a
significant impact at a figure of $47.91 Million. After discounting
the value of re-investment at intermediate stage under worst case
scenario as discussed above considering O effect, it would be
($47.91-$0.85) Million=%$47.06 Million, which is still about 2.5
x higher. The method proposed in article, using just a binary
multi-stage call option model, also stated that there was an upper
bound of $29.8 million that the project can be valued at no
matter how much the volatility figure is adjusted. The current
model as is proposed in this article clearly much surpasses the
upper-bound that would have restricted the investors to value a
project and opens door for valuing project at a more sensible way.

It must also be noted that even though we have used trinomial
tree right from the root i.e, beginning of the project, in reality, the
beginning of the project 1st phase should have only a binomial
tree resulting in either success or failure, and the trinomial tree
of reinvestment factor will start from that point onwards where
the effect of failure and reinvestment to save the sunk cost gets
started.

The value of the risk-appetite parameter, TTHA, can be varied
across the Excel sheet formula (provided as supplementary)
material, to see where the maxima and minima lies and what
optimum value such as the highest practical valuation can be
achieved. This work can be also plotted as future work or a
mathematical function for valuation which is dependent on
TTHA that can be differentiated by calculus methods can also be
worked upon to find the optima.
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