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Abstract

This paper assesses the impact of uncertainty for investors on the economic valuation of
medical innovation projects for orphan drugs or rare diseases. Conventionally, investor
evaluation uses the deterministic discounted cash flow (DCF) method with an appropriate
sensitivity analysis that captures some level of uncertainty. In healthcare, and particularly
for rare diseases, the levels of uncertainty in financial outcomes (return on investment and
net present value (NPV)) are broader than the ones normally captured by the DCF formula.
Uncertainties include R&D costs, the approval process (level and timing) for obtaining
reimbursement, sales, the production cost, and the failure probabilities of the clinical trial
phases, to name a few. Additionally, there is not only one type of investor to consider, but
different investors exposed to different levels of risk management of their investment. Our
analysis tried to capture those two dilemmas (higher levels of uncertainty and different
investor types) in two ways. One way was to identify a better method to enhance the
different levels of uncertainty. The real option method of evaluation was proposed instead
of DCF. For instance, the real option method better captures the uncertainty of the different
phases of product development. The other way is to differentiate the investor types
through their level of risk assessment perspectives. Small investors and start-up companies
may see more benefit in applying the real option methodology to estimate their NPVs at
different time points during product development. In summary, our evaluation identified
various types of uncertainty when assessing an investment, along with methods to manage
their effect on the economic/financial outcomes of medical innovations. Given the high
uncertainty associated with early-stage drug development, such as orphan drugs for rare
diseases, the real options approach is preferable to traditional DCF models. The analysis
also showed that there is not just a single investor perspective to consider but specific
perspectives that enhance the prime use of the real option methodology.

Keywords: economic valuation; orphan drugs; uncertainty; R&D innovative drugs; real options

1. Introduction
In recent decades, the pharmaceutical and biotechnology sectors have experienced

unprecedented growth in the development of innovative therapies, particularly for orphan
diseases. Advances in biotechnology have led to groundbreaking therapies such as gene
therapy and immunotherapy, which promise significant clinical benefits for orphan diseases.

Immunotherapy is a medical treatment that uses the body’s own immune system to
prevent, control, or destroy diseases such as cancer. Instead of directly attacking cancer
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cells like chemotherapy, immunotherapy helps immune cells recognize and fight abnormal
cells more effectively. Examples include monoclonal antibodies, CAR-T cell therapies, and
cancer vaccine therapies [1,2]. Gene therapy is a medical technique that modifies or replaces
genes inside a person’s cells to treat or cure disease. It works by correcting faulty genes,
adding new genes, or turning off harmful genes [3].

The development of orphan-designated drugs has been more challenging and finan-
cially less attractive than that of other drugs due to the low prevalence of certain conditions,
difficulty in applying randomization and controls in trial design, the geographical disper-
sion of patients, poorly defined biomarkers, and the lack of healthcare provider experience
in diagnosing and treating certain conditions [4].

The economic valuation of medical innovations, particularly those targeting rare and
orphan diseases, has become increasingly complex due to the high levels of uncertainty as-
sociated with their clinical development and commercialization [5,6]. Accurately assessing
the economic value of such R&D projects is critical for attracting investment and guiding
strategic decision-making on positioning and pricing. However, traditional approaches,
such as the discounted cash flow (DCF) model, often fall short in adequately capturing the
high degree of uncertainty and risk inherent in early-stage R&D projects for highly novel
treatments like gene therapies and immunotherapies [7–9].

DCF models do not sufficiently capture the uncertainty in key parameters, such as
clinical trial outcomes, regulatory approval, cost-effectiveness, market access and reimburse-
ment, and market uptake, especially in the context of gene therapy and immunotherapy.
Moreover, the timing of clinical R&D projects introduces an additional source of uncertainty
in economic valuation that is not captured by the DCF model. Although the discounted
cash flow approach incorporates time through discounting via the cost of capital, it does not
fully reflect investor preferences for earlier returns. For example, an investor will typically
prefer a project that generates sales within one year over another project with a similar
economic value but with sales expected only after, for instance, eight years. Hence, the
DCF approach is not fully appropriate for decisions regarding investment in innovative
drugs, due to the high degree of uncertainty and long-time horizons. This is especially
true because start-up biotech firms are usually not profitable during the first eight to ten
years [10]. In an economic environment defined by great uncertainty and rapid change,
it has become increasingly important to employ valuation methods that appropriately
reflect uncertainty, as well as a company’s ability to respond to new information. Real
options have emerged as an approach that addresses these challenges more effectively than
traditional DCF techniques and can be applied to capture the specific uncertainty associated
with the economic valuation of early-phase drug development for orphan diseases [11–13].

The objective of this paper is to assess the economic value of medical R&D projects
by incorporating uncertainty more explicitly into the valuation process. We focus on
economic value from the perspectives of different types of investors and examine how
uncertainty influences the economic outcomes for each type of investor depending on
investment type and timing. Specifically, we consider the perspective of large investors
with diversified portfolios, small investors participating in portfolio funds, small investors
investing in individual R&D projects, and the initial founders of start-ups. Special attention
is given to highly innovative projects (e.g., immunotherapy or gene therapy) for orphan
diseases, which offer a useful framework due to their pronounced uncertainty and unique
market dynamics.
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2. Evaluation Concepts
2.1. DCF Concept

The economic value of an innovative R&D project, seen from an investor point of view,
is a function of its current and potential future revenues (sales) and expenditures (costs).
The DCF approach is based on the present value equation, which yields the time value of
money and compounding returns [14]. In the DCF approach, expected project cash inflows
and outflows are discounted to their present value using a rate that reflects both risk and
the time value of money. These discounted cash flows are then aggregated, and initial
investment costs are deducted to calculate the project’s net present value (NPV). According
to theory, a project should be accepted if its NPV is positive, as it is expected to enhance
shareholder value.

NPV =
CF1

(1 + r)1 +
CF2

(1 + r)2 + · · ·+ CFn

(1 + r)n (1)

where
NPV = net present value.
CF = (free) cash flow.
n = the time in years before the future cash flow occurs.
r = cost of capital or discount rate.
We note that the NPV converges to CF/r for n to infinity, with CF being constant

over time.
Free cash flows from operations correspond with the revenues from drug sales, and

the costs of R&D, production, and marketing. The discounted cash flow method is based on
a deterministic approach, and therefore the economic value does not reflect any uncertainty
in the values of specific parameters.

2.2. CoC

The cost of capital (CoC) is the minimum return that an investor expects for providing
capital for a project. The CoC is a separate parameter in valuation which reflects the
investor’s risk and corresponds with the required return for the investor. It represents the
risk profile of the company and will be used as a proxy for the required rate of return. The
same discount rate will be used for cash flows [15]. The CoC should not be based on the
expectations at the time of the reimbursement application, but rather on the expectations at
the time of investment. The Capital Asset Pricing Model (CAPM) describes the relationship
between systematic risk and expected return for assets, particularly stocks, which yields
the CoC [16].

Cost of capital = ERi

ERi = Rf + beta i (ERi − Rf )

where
ERi = expected return of investment.
Rf = risk-free rate.
betai = beta of the investment.
(ERm − Rf ) = market risk premium.
For beta > 1, the portfolio is more profitable than the average market.
What is the relationship between DCF and CoC? Cash flows (DCF) can be used to

project the expected free cash flows over a specific period (e.g., 5 to 10 years), plus a terminal
value at the end to represent all cash flows beyond that projection period. The cost of
capital acts as the ‘discount rate’ in the DCF formula. It represents the minimum expected
return an investor or company needs to justify an investment, accounting for risk and the
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time value of money. The formula translates future cash flows (CF) at time period (t) into a
present value using the cost of capital (r).

Present Value = ∑n
t=1

CFt
(1+r)t

A higher CoC (more risk) reduces the present value of future cash flows, leading to a
lower overall valuation for the business or project.

3. Uncertainty Levels
3.1. Definitions

In economic valuation, we distinguish two types of uncertainty: (1) uncertainty result-
ing from statistical distributions of input variables, known as risk; (2) uncertainty resulting
partially from assumptions, including unknown future changes.

Modern finance theory describes two different kinds of investor risk: diversifiable
risk and undiversifiable risk [17,18]. Non-diversifiable or systematic risk is the risk that
the investor cannot eliminate by diversifying their investment portfolio, for example,
macroeconomic risks such as the global recession, which cannot be eliminated. If the
investor does not have knowledge of the technical risks of failure of an R&D project, the
probabilities of registration and subsequent reimbursement, and the forecasts of costs and
turnover for a new specific R&D project, as they differ from those for an average R&D
project, the unknown values of these parameters can be considered statistical risks, which
are diversifiable and therefore do not affect the required return for an investment. For
example, if for a new innovative medicine with a new mechanism of action there is a
‘known’ expectation that the probabilities, costs, and sales will be different from the average
values in the pharmaceutical market, the investor will incorporate these different values
into the DCF model, which will result in a different NPV.

The NPV for innovative treatments like immunotherapy and gene therapy is likely
different than non-orphan drugs lower due to the following: (1) different, and probably
higher, probabilities of failure for each phase in R&D program, positive registration, and
reimbursement; (2) different, and probably higher, costs of R&D, manufacturing, and
marketing; and (3) lower sales (e.g., smaller patient population, restricted use, ‘managed
entry agreements’, and substantial price discounts). But even after correction for these
different average values, these parameters (probabilities of failure, costs, and sales) can
also have a larger spread, which means a higher risk in relation to the expectations for
innovative medicines, such as immunotherapy and gene therapy.

However, these higher standard deviations do not affect the average deterministic
NPV based on the DCF method. Therefore, one could argue that greater uncertainty, e.g.,
the risk due to higher standard deviations, is diversifiable for the investor: if the investor
spreads the uncertainty over a large portfolio of R&D investments with a similar NPV, the
average NPV will be approximately the deterministic NPV, even if the standard deviations
vary between different R&D projects. However, if the parameters in the economic valuation
have a priori higher standard deviations, the investor, who is generally risk-averse, will
incorporate any higher standard deviations by including a premium in the CoC.

The usual average risk, e.g., standard deviation (SD), for normal innovative drugs is
already captured by the investor in the CoC and therefore, for very innovative drugs like
immunotherapy and gene therapy, only the increase in SD leads to an additional premium
in the CoC.
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3.2. Costs

R&D cost forecasting may be derived from the literature. The average costs of devel-
oping a new innovative drug are US$704 million [19], but there is a wide range, as recently
reported by Rennan, from 318 million to $2.8 billion [20]. The investor may fine-tune these
average R&D costs to specific R&D costs for an orphan drug. Recruiting enough patients
may require more effort and time, making it more expensive [21]. There are also arguments
that R&D costs may be lower because regulatory authorities may accept clinical trials with
smaller sample sizes and these authorities may not always require data from phase III
clinical trials. Berdud, drawing on estimates from Mestre-Ferrandiz, suggested that the
research and development costs for an orphan drug are roughly 23% of those associated
with a non-orphan drug [8,21]. This figure is broadly consistent with other studies, which
indicate that phase III trial costs for orphan drugs are approximately 25% of the costs in-
curred for non-orphan drugs [22–24]. Berdud also estimated that R&D costs represent 34%
of total lifecycle costs [21]. On the other hand, the manufacturing process for breakthrough
drugs, such as immunotherapy cell therapy and gene therapy, may be significantly more
expensive than that for a new generation of drugs with a similar mechanism of action
because of more complex procedures, involving specialized instruments, reagents, stringent
quality control measures, and expensive materials and equipment [5,6,25,26]. As a result,
the overall manufacturing burden for these innovative therapies is significantly higher than
for traditional small-molecule or even standard biologic drugs; manufacturing costs may
exceed an estimated 100,000 USD per patient [27,28].

The marketing costs associated with first-in-class innovative drugs are often higher
than those for follow-on products, as companies must invest significantly in educating the
market and building relationships with clinical investigators and other key stakeholders.
Because these therapies introduce a novel mechanism of action, healthcare providers
frequently lack an established framework to evaluate them, requiring substantial efforts in
scientific exchange, key opinion leader engagement, and disease-state education [29,30].
Moreover, stakeholder engagement, particularly with clinicians, payers, and professional
networks, is a central component of pharmaceutical marketing strategies, further increasing
the resources needed during launch.

The estimates of probability of success for phase I, phase II, and phase III are between
49% and 75%, 30% and 48%, and 50% and 71%, respectively [8,9]. Recent data for the period
between 2014 and 2023 show that the likelihood of approval (LOA) for a new drug is now
just 6.7% [31]. The main difference is the lower probability of success of 28% for phase II,
whereas probabilities for phase I (47%) and phase III (55%) are near a one-in-two likelihood,
and the probability of regulatory approval after filing is 92%. For rare disease drugs, the
LOA has been reported to be 17.0%, with probabilities of success of 67.4% (phase I), 44.6%
(phase II), and 60.4 (phase III) [31]. The largest difference was in the probability of success
for phase II (44.6% for rare disease vs 28.9% overall). Overall, the cumulative clinical
success rate appears to have decreased over time. Despite the belief that better science
may lead to more successful new drugs, important technological challenges for innovative
therapies, especially for immunotherapy, may actually lead to higher failure rates as science
advances. Failure rates appear to have increased over time and have fluctuated across
stages of development. First, regulators are becoming more risk-averse and may be more
reluctant to approve some drugs. Secondly, innovative drugs have novel mechanisms of
action or clinical endpoints that may be less clear-cut. On the other hand, new opportunities
may help offset increased failure rates; for example, improved preclinical screening can
enable earlier project termination.

Overall development time (phases I–III) used to be around 6.5 years on average. Phase
III trials tended to be the longest development phase, although the most recent work
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suggests that development times for phases II and III are now similar [8]. Recent data
from the 2011–2020 period indicate that it takes approximately 10.5 years for a drug to
successfully progress from phase I development to regulatory approval, which includes
2.3 years for phase I, 3.6 years for phase II, 3.3 years for phase III, and 1.3 years for the
regulatory process [31]. Development timelines differ considerably according to numerous
factors, including disease area and indication, the quality of clinical trial design practices,
and patient availability. Demirci reported that the typical clinical development time for a
novel orphan-designated drug was 7.2 years [4]. For a typical study on a novel orphan-
designated drug, the durations of phases I, II, and III were 5.4 years, 5.4 years, and 2.7 years,
respectively. Recent data by Brown reports that the median clinical development time
for innovative drugs was about 8.3 years, with averages often reported around 9.1 years
depending on the cohort and methodology [32]. Drugs, particularly orphan drugs, that
receive accelerated approval tend to complete clinical development substantially faster,
by approximately 3 years, whereas drugs granted breakthrough designation also show
accelerated development timelines, shortening development by about 1.3 years. On the
other hand, orphan drugs often tend to take longer to develop clinically on average (around
1.5 years) [32]. Even though these drugs often involve smaller clinical trials, development
can still be slowed by difficulty finding and recruiting enough patients, limited knowledge
about how the rare disease naturally progresses, and the need to create new ways to
measure whether the treatment works (new clinical endpoints).

From an investor’s perspective, there is an argument against using actual costs for
research and development as well as other expenses (manufacturing, marketing), as these
costs are not yet available at the start of the R&D program. Instead, investors must rely on
forecasts based on alternative sources.

According to the principles of economic valuation, the R&D costs of unsuccessful
programs should be considered. Therefore, allocating the costs of R&D failures to successful
drugs that obtain approval from the European Medicines Agency (EMA) or the U.S. Food
and Drug Administration (FDA) is an important element of valuation [10,33]. Therefore,
probabilities of failure of the clinical trial phases (phase I, II, and III) lower the potential
cash flow expected from an investment [9,19].

3.3. Sales

The probability of a positive reimbursement decision by national health authorities
does not only depend on the registration data for efficacy and safety, but also on additional
critical determinants, e.g., cost-effectiveness and budget impact, and their weight varies
per country [9]. For example, the incremental cost-effectiveness ratio (ICER) is considered a
critical outcome for a reimbursement assessment in the United Kingdom, whereas budget
impact is currently more important in France and Germany. The ICER is the additional
cost for a life year gained in perfect health, or a quality-adjusted life year (QALY). The
ICER reflects the willingness to pay for a gain in one extra QALY, which depends on a
country-specific threshold, e.g., €80,000 per QALY in the Netherlands. The probability of
reimbursement for innovative therapies may be lower because of the huge ICERs, e.g., the
ICER for Zolgensma was €138,875/QALY in The Netherlands [34]. The ICER often guides
price negotiations, which may result in an 80% discount to reduce the ICER below the
acceptable threshold [9].

The size of the market for orphan drugs is usually quite small because of the limited
number of potential patients. For example, the resulting average patient population per
50,000 inhabitants for an orphan drug was 2.91 in NICE appraisals, compared with 102.57
for non-orphan drugs [21]. Thus, the average patient population for orphan drugs was only
about 3% of that for non-orphan drugs. However, the development costs of orphan drugs
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are 23% of those associated with a non-orphan drug [8,21]. Consequently, orphan drugs
are expected to be priced substantially higher than other drugs, as development costs must
be recouped from a much smaller patient population. This higher pricing often results in
ICERs that exceed the accepted threshold [9,35].

It has been argued that certain characteristics of orphan drugs may justify deviating
from standard value-for-money criteria [36]. These characteristics may include the severity
of the condition and a lack of effective alternative therapies [37].

Uptake curves depend on changes in clinical guidelines, the expected entry of compet-
itive products following registration of a new drug, which may both lower volume units
and prices due to competition, and potential other determinants (e.g., expected generic
substitutes). There is no single universal ‘uptake curve’ for orphan vs. non-orphan drugs
because uptake depends on disease severity, unmet need, competition, and administration
route [38]. Non-orphan drugs have much larger patient populations, broader physician
adoption curves, and more competition. Uptake is often initially slow but continues to
expand steadily from year three onward. Orphan drugs, which are typically developed for
severe diseases with a high unmet need, tend to have higher initial uptake in the first years,
followed by a plateau as the identifiable patient pool becomes exhausted. Rare diseases
are usually treated by a small number of specialists or centers of excellence, and therefore
companies can reach most prescribers quickly.

3.4. CoC

The CoCs are 9% and 12 for pharmaceutical companies and biotechnology companies,
respectively [9]. The investor estimates the CoC based on expectations at the time of
investment. The appropriate time horizon for an economic valuation of an R&D project for
an innovative drug is 20 years: patent registration occurs in year one, with the end of the
patent period at year 20 [9]. The assumption is that the new drug obtains registration at
year eight and that the drug will be reimbursed within one year, and consequently, there
are eleven years left for actual sales before the patent expires. These assumptions can be
weakened in scenario analyses by modeling these moments in time and duration as random
variables with given probability distributions.

Double counting of uncertainty for a parameter should be avoided by not including it
in the CoC when it is already included in the cash flows (costs and sales). The operational
expenses should ideally be incorporated in the numerator (free cash flows) of the present
value equation (Equation (1)) and the non-operational uncertainty, e.g., financial expenses,
in the denominator (CoC) [9,39]. In the previous sections, we showed that uncertainty
due to known higher standard deviations can only be captured in the DCF analysis by
transferring the additional uncertainty in cash flows into a higher CoC.

The CoC for biotechnology is an average value with an uncertainty distribution,
which means that the CoC may vary based on company-specific features; for example, an
important determinant of the CoC is leadership and a track record of previous successful
launches [40]. The therapeutic area and competitive environment may have an influence on
the risk profile and may lead to a higher CoC for a new high-risk-profile research area, like
immunotherapy. The investor may include a premium based on their expert opinion, using
the so-called build-up method. An alternative approach is to consider incremental betas
for new risky innovative comparable research. The CoC for traditional drug R&D projects
may not reflect the CoC for innovative high-risk-profile research. Investors therefore add
a variety of premiums to the base rate returned by the CAPM. Sensitivity analyses may
be performed by varying the CoC from the lower to the upper limit. In addition, scenario
analyses may be performed using different assumptions for the premium for the CoC.
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There are different methods to estimate the CoC, for example, rate of return based
on pharmaceutical bonds (1–5%) [41], typical government investments (3–7%) [42], the
Capital Asset Pricing Model (10–11%) [43], or more flexible models that better account for
systematic risk (10–13%) [44].

The company’s own beta is generally not an appropriate measure of the systematic
risk of one of its R&D investment projects, which is especially true for large pharmaceutical
companies. These large companies have already existing revenues from launched drugs,
which reduces the overall beta, while the beta for a risky R&D project should be higher.
The beta for small biotech companies with only a limited number of drugs in development
and without current sales from other drugs may be a more appropriate estimate of the
actual beta for R&D projects.

Another consideration is that the discount rate decreases over time [45]. At the
beginning of the R&D process, high fixed obligations must be met before the company
can actually start making money. So, the CoC is higher for money invested very early in
the process than for money invested later, when the project is nearing market approval.
Therefore, early R&D projects have a higher CoC, because they are riskier than later
projects [46]. This higher risk of early phases of the R&D project does not result from the
probability of failure during the R&D process, as these are diversifiable risks. The real
rationale is that operational and financial leverage decrease during the clinical development
process, which reduces the risk for the investor. This means that the CoC can be adjusted
annually over the years until registration and that a fixed annual CoC can then be applied
after market introduction.

While the CoC for a start-up company is quite high, e.g., more than 20%, the CoC
becomes already close to the discount rate of a pharmaceutical company, between 8% and
10%, after market launch of the drug [45].

4. Alternative Evaluation Method
The alternative evaluation method proposed is the real option methodology that can

capture the additional risk through higher standard deviations in economic valuation. This
is particularly relevant for the appropriate assessment of the economic value of orphan
drugs given their specific uncertainties. Options are particularly attractive when the
volatility is high, that is, when there is large uncertainty about future sales and costs, as
with orphan drugs [11–13]. Real options are especially estimated to add significant value to
biotechnology companies, since the industry is characterized by high volatility, relatively
long maturity times, and huge upfront investments, all of which have a positive impact on
option value.

Real options analysis explicitly recognizes that future value-maximizing decisions
will depend on new information that becomes available only after the initial investment
has been made for the initial phases of the clinical development program [47–51]. This
corresponds to the sequential availability of data regarding the success of the different
phases of clinical trials. Hence, real options analysis captures the Value of Information
concept, which means that the economic value of an R&D project can be updated after
each phase of the clinical program, e.g., after phase I, phase II, or phase III trials, based
on the most recent clinical data from the trials. Changes in reimbursement and pricing
legislation and corresponding changes in data requirements for national market access
applications based on a local pricing and reimbursement scan performed in key countries
can also be incorporated. In addition, when a biotechnology company invests in new
product development, it has acquired the right but not the obligation to take the product to
the market.
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5. Different Perspectives
We distinguish four types of investors: a large investor with a large portfolio, a

small investor in portfolio funds, a small investor in a specific R&D project, and an initial
founder of a start-up. The large investor with a large portfolio may diversify the unknown
diversifiable risk and may assume average values, unless it is known a priori that there are
parameter with a different default value and higher standard deviation. The same applies
for the small investor in portfolio funds. However, a small investor not investing in large
funds but investing in a specific R&D project cannot eliminate risk through diversification
and will include this higher risk in the CoC. We may also consider the original owner
of the patent (intellectual property), e.g., the scientist who discovered the innovation,
who is considering a start-up by investing private money for the initial steps in clinical
development. We do not consider the option that a start-up company with private capital,
instead of investing in R&D, invests its capital in other financial markets. The rationale is
that a biotech company’s core business is innovative drug development instead of being
active in financial investments.

6. Analysis
6.1. Real Option

The economic valuation of an R&D project can be based on the deterministic DCF
method when considering a large investor with a portfolio, provided that the unknown
diversifiable risks associated with cost, failures, and sales are two-sided. This applies to
an R&D project undertaken by an established biotech or pharmaceutical company with
backup from revenues from other launched drugs. ‘Unknown’ means that the investor has
no information that the mean and SD for the parameters will be different. On the other
hand, if there is information on a different mean, the investor can still use the deterministic
DCF method, and if there is a difference in SD, this higher risk can be captured in the CoC.
Additionally, this investor may be a shareholder in an existing pharma or biotech company
starting the R&D project, and a higher spread in NPV increases risk for the investor.

When it concerns an initial R&D project for a start-up company, there is no two-sided
risk, and the deterministic DCF method may not be an appropriate valuation method for
the investor, especially for the initial founder of a start-up. In this case, the higher spread in
NPV increases the potential economic value and therefore reduces the risk for this investor.

Table 1 shows an illustration of the paradox that higher uncertainty for the initial
founder in a start-up biotech company increases the NPV. The initial NPV at the time of
clinical project initiation is much higher based on a real option approach than the DCF
model because it includes partial uncertainty for the initial founder. The economic value
increases for both the DCF model and the real options model after every successful phase
in the clinical project, but the economic value according to real options analysis increases to
a lesser extent due to a reduction in uncertainty after each successful phase. However, the
NPV after phase II is much higher according to the real options model ($680 million) than
the DCF model ($180 million).

Table 1. Comparison of DCF model and real options model.

Phase Economic Value (NPV)
DCF Real Options

start $31.6 million $320 million
>Phase I $46.8 million $420 million
>Phase II $180 million $680 million
>Phase III $390 million $940 million
>Phase IV $440 million $990 million
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However, if a drug is acquired by a pharmaceutical company after phase II, the one-
sided risk becomes a two-sided risk for the large investor, and the pharmaceutical company
is only willing to pay the lower value of $1.8 million, based on the DCF model. If the
original founder is risk-averse and postpones the acquisition until after the product launch,
the NPV according to the real options model ($990 million) remains the true economic
value for the founder.

Further in-depth analysis of the application of real options models for clinical R&D
project valuation is beyond the scope of this paper.

6.2. Perspective

There is also an important difference in capturing uncertainty for an initial founder
of a start-up compared with the shareholder in an established biotech or pharmaceutical
company. A start-up only has one (or a few) innovative products in development without
any simultaneous sales of launched products to offset the R&D costs. The R&D costs
must be captured by future sales and not by sales from other products in accordance
with economic valuation theory. However, from an accounting point of view, the current
liquidity (income statement) benefits from revenues generated by sales from other products,
which offsets the simultaneous costs of the R&D project.

Figure 1 shows the two possible distributions of NPV for a start-up company:

• Project A: The average NPV is €100, with 95% distribution from −€130 to + €330.
• Project B: The average NPV is €100, with 95% distribution from −€15 to + €215.

Figure 1. Distribution of NPV-start-up.

The initial investment for both cases is €50, which is the maximum possible loss for
the investor. Therefore, the investor will not suffer more from the potential loss of €130 in
Project A than the potential loss of €15 in Project B in the worst-case scenario. However, the
investor may benefit from a higher potential gain of €330 in Project A than €215 in Project
B. Hence, the potential loss is €50 in Project A and Project B because of limited liability,
the founder cannot lose more than the €50 invested, but the potential gain is €115 higher
(€330 − €215) for Project B than Project A. This example shows that the DCF analysis, which
is based on a diversifiable risk, yields an NPV that does not reflect the actual economic
value for the initial founder. The second observation is the paradox that higher uncertainty
for an initial founder in a start-up biotech company increases the NPV because of the
partially one-sided risk.
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Figure 2 shows the impact of uncertainty/risk for a shareholder in an established
biotech or pharmaceutical company for the same R&D Projects A and B: the difference is
that the NPV of this R&D project is added to the NPV of other R&D projects and sales of
existing drugs, e.g., NPV of €500.

Figure 2. Distribution of NPV—established company.

In this case, the shareholder has a two-sided risk, which means that Case A is
riskier than Case B and the shareholder will choose Case B if we assume the share-
holder is risk-averse. For Case A the best-case value = €500 + €330 = €830 and worst-case
value = €500 − €130 = €370. The largest possible reduction in value relative to the expected
value is therefore €600−€370 = €230. Similarly for case B €600 − €485 = €115. The potential
maximum loss is no longer the investment of €50 for Case A and Case B, but €230 for Case
A and €115 for Case B.

7. Discussion
The common approach to economic valuation is based on the concept of discounted

cash flow. Discounted cash flow is based on the present value equation, which calculates
the time value of money and compounding returns. The discounted cash flow method is
based on a deterministic approach, which means that the economic value, e.g., NPV, does
not reflect any spread in the statistical distributions of the parameters and any other non-
statistical uncertainty, e.g., selected data sources or assumptions. The NPV for innovative
drugs may be lower than for traditional drugs because of higher cost, higher probabilities
of failure in R&D, and lower sales, which is captured in the deterministic outcome of
DCF analysis. These parameters will also have a higher standard deviation due to higher
uncertainty in the expectations for innovative drugs, like immunotherapy and gene therapy.
This uncertainty seems diversifiable for the investor by spreading the uncertainty over a
large portfolio of R&D investments, but when an investor is risk-averse, a project with a
lower standard deviation is preferred over a project with a higher standard deviation when
the projects have similar deterministic NPVs.

The examples in this paper showed that the NPV for starting an R&D project is higher
than the same R&D project for a shareholder in an existing company. This economic
value can only be captured if the innovative drug is also actually launched by the start-up.
However, if the start-up company is acquired during the R&D development phases, the
economic value drops after the acquisition because the one-sided risk becomes a two-sided
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risk, leading to a conversion of the impact of risk. This drop in economic value is higher
when there is a large spread in risk. Consequently, the economic value for a start-up R&D
project should include the probability of an acquisition during the clinical development
stage. If we assume most start-ups are acquired during the development phase, this means
that the economic value is reflected by the discounted cash flow method using two-sided
risk. A more accurate assessment would be based on weighting the economic value by
the probabilities of acquisition and non-acquisition during the development phase until
market access (registration and reimbursement).

An acquisition may also occur after market access, but the impact of a late acquisition
is much lower because the spread in cash flows resulting from the spread in sales is much
smaller than the spread in early cash flows due to development costs, R&D costs, and, in
particular, the probabilities of clinical failures. Consequently, the initial founder of a start-up
could capture the maximum value due to one-sided risk by postponing the acquisition
until after registration and market access. Hence, the funding of the development phase
is critical for initial investors. It may be more profitable to invest more in funding (higher
loans or giving more shares to external investors) and therefore capture the much higher
economic value based on the one-sided risk by avoiding the financial need for acquisition
before R&D phase finalization.

Clinical R&D project timing reflects an additional uncertainty in economic valuation
that is not captured in the DCF method. The pay-off for an investment in a clinical R&D
project requires the investor to wait for initial sales after the possible successful completion
of the clinical program, which may take eight years. The discounted cash flow model
captures time using discounting in the CoC. Nevertheless, an investor will prefer a project
with sales within one year over another project with sales after eight years if both projects
have the same NPV.

However, once the investor has been investing in start-ups for more than eight years,
every annual investment from the latest investment is rewarded by initial sales of the
project from eight years ago. A long-term investor may consequently require a lower CoC
than an initial investor, which means that economic value based on the discounted cash
flow method is different for a long-term investor and a new investor.

This research suggests that the real options model may be preferable to the DCF model
for investment decisions in orphan drug development because it more effectively captures
the high level of uncertainty involved. We considered the perspective of four types of
investors: a large investor with a large portfolio, a small investor in portfolio funds, a
small investor in a specific R&D project, and an initial founder of a start-up. However,
there is much greater heterogeneity among investor types, including angel investors, seed
investors, venture capital funds, private equity firms, institutional investors, and public
market investors. Public authorities frequently act as investors of first resort, funding high-
risk innovation projects that private investors are not always willing to support. DCF and
NPV are usually embedded within a broader framework because many public investments
generate social, environmental, and economic benefits that do not translate directly into
cash flows. Examples are cost-effectiveness, budget impact, unmet medical need, equity
considerations, and broader social values.

In addition, each stage of development tends to attract a specific type of investor; for
example, angel investors are typically involved in the early stages, followed sequentially
by venture capital funds, private equity firms, and later public market investors.

The Black–Scholes model was the first and most well-known application of evaluating
options [52–57]. This concept was broadly adopted across various fields between 1999
and 2015, particularly in the pharmaceutical sector [58,59]. Five variables determine the
value of a simple financial option according to Black and Scholes model: an underlying S,
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an exercise price X, the time to maturity T, the volatility (J of S), and the risk-free interest
rate [10]. However, some of the assumptions of Black and Scholes model are violated due
to the fact that we are concerned with incomplete markets in this particular application; it
provides a relatively accurate value, but only at the end of the research and development
phase. Several other approaches have been developed over the years to calculate the real
options value of an investment [60–64]. The compound option analogy reflects the value of
the growth during sequential phases in clinical development more accurately [10].

These previous studies have demonstrated the advantages of real options for phar-
maceutical valuation. Our contribution extends this literature by explicitly distinguishing
investor types and showing that identical uncertainty may have different economic implica-
tions depending on whether risks are diversifiable. Rather than replacing DCF, real options
should be viewed as complementary. DCF remains appropriate for estimating expected
cash flows, while real options capture the strategic flexibility embedded in sequential
R&D decisions.

There are also practical implications for both investors and biotechnology companies.
Investors may use real options analysis alongside conventional DCF models to evaluate
whether flexibility in development decisions creates additional value. For biotechnology
companies, particularly start-ups developing orphan drugs, the approach provides a
framework for determining optimal financing strategies, milestone planning, and timing of
licensing or acquisition discussions.

The real options approach also has several limitations. One major challenge is the
estimation of volatility, particularly because many of the model parameters are based
on forecasts (e.g., size of the market, market uptake, and clinical failure rates) rather
than observed data. Estimates of mean values rely on assumptions and historical data
that are difficult to validate. Furthermore, estimating the standard deviations used to
measure volatility may be even more challenging, introducing additional uncertainty into
the analysis.

Further validation may be the next step. For example, we may test whether investors
in treatments for rare diseases indeed adopt a different approach to uncertainty in their
discounted cash flow (DCF) calculations compared with investors in treatments for non-
rare diseases. Such differences could imply that the risk profile and NPV characteristics
differ systematically between the rare-disease and non-rare-disease domains.

Further research may also focus on the optimal treatment of uncertainty in both
discounted cash flow (DCF) and real options analysis, as well as on the methodological
differences between these two approaches. For example, the use of probabilistic sensitivity
analysis (PSA) may be valuable, as it can incorporate probability distributions into the
mean net present value (NPV) estimated in DCF analyses.

The findings suggest that reimbursement uncertainty contributes substantially to
investment risk. In a previous study, we demonstrated that investor uncertainty is a key
determinant of drug prices [37]. Consequently, regulatory initiatives that enhance the
predictability of pricing and reimbursement decisions may reduce uncertainty, ultimately
leading to lower drug prices.

8. Summary
In this paper, we explored how different investor types perceive and manage uncer-

tainty in the valuation of innovative drug development. By moving beyond conventional
models, we aimed to provide a more nuanced understanding of value creation in high-risk,
high-reward medical innovation environments. We described different types of uncertainty
and explored different approaches to dealing with uncertainty in the economic valuation
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of medical innovation in orphan diseases. The DCF approach may not be suitable for an
investor in innovative drugs due to the high degree of uncertainty.

We examined the limitations of the DCF approach in capturing the true economic
value of high-risk, high-reward innovations. From the perspective of large investors with
diversified portfolios, many of these risks are considered diversifiable and are therefore
reflected in the aggregate portfolio’s expected return. In contrast, small investors and
founders of start-up biotech firms typically lack the ability to diversify risk across multiple
projects. For these stakeholders, the consequences of failure are more direct, and the strate-
gic timing of decisions such as the sale of a company or the continuation of development
becomes a crucial factor in value creation. A real options model may be applied to capture
the uncertainty in economic valuation of early-phase drug development, which provides
a more realistic valuation by incorporating uncertainty as a value driver. This alternative
approach shows how uncertainty, often viewed as a liability, can paradoxically enhance
value under specific investment conditions in orphan drug development.

Author Contributions: Conceptualization, M.N.; Methodology, M.N. and P.v.G.; Validation, P.v.G.;
Formal analysis, M.N.; Writing—review and editing, P.v.G.; Supervision, P.v.G. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: Author Mark Nuijten was employed by the company A2M and declares that
the research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References
1. Immunotherapy to Treat Cancer. National Cancer Institute. Available online: https://www.cancer.gov/about-cancer/treatment/

types/immunotherapy? (accessed on 18 May 2026).
2. Cancer Immunotherapy. National Institutes of Health. Available online: https://www.nih.gov/about-nih/nih-turning-discovery-

into-health/promise-precision-medicine/cancer-immunotherapy? (accessed on 18 May 2026).
3. Available online: https://www.fda.gov/vaccines-blood-biologics/cellular-gene-therapy-products/what-gene-therapy? (ac-

cessed on 18 May 2026).
4. Demirci, E.; Knicley, J.; Fiorentino, L. Clinical development and marketing application review times for novel orphan-designated

drugs. Front. Med. 2024, 11, 1404922. [CrossRef] [PubMed] [PubMed Central]
5. Tyagarajan, S.; Spencer, T.; Smith, J. Optimizing CAR-T Cell Manufacturing Processes during Pivotal Clinical Trials. Mol. Ther.

Methods Clin. Dev. 2019, 16, 136–144. [PubMed]
6. Harrison, R.P.; Ruck, S.; Medcalf, N.; Wilkinson, M.; Riddell, S.R. Cell therapy–the next frontier in pharmaceutical manufacturing.

Biotechnol. Adv. 2018, 36, 523–534.
7. Schlander, M.; Hernandez-Villafuerte, K.; Cheng, C.Y.; Mestre-Ferrandiz, J.; Baumann, M. How Much Does It Cost to Research

and Develop a New Drug? A Systematic Review and Assessment. Pharmacoeconomics 2021, 39, 1243–1269. [CrossRef] [PubMed]
[PubMed Central]

8. Mestre-Ferrandiz, J.; Sussex, J.; Towse, A. The R&D Cost of Anew Medicine; Office of Health Economics (OHE): London, UK, 2012.
9. Nuijten, M.; Capri, S. An integrated valuation model for payer and investor. J. Mark. Access. Health Policy 2022, 10, 2080631.

[CrossRef] [PubMed] [PubMed Central]
10. Wörner, S.; Racheva-Iotova, B.; Stoyanov, S. Modelling a Bio-Pharmaceutical Company as a Compound Option. IFAC Proc. Vol.

2001, 34, 231–236. [CrossRef]
11. Bulan, L.T. Real options, irreversible investment and firm uncertainty: New evidence from US firms. Rev. Financ. Econ. 2005,

14, 255–279. [CrossRef]
12. Makhudu, T. Real options and property development decision making. Real Estate Financ. 2011, 27, 5–16.

https://doi.org/10.3390/jmahp14030047

https://www.cancer.gov/about-cancer/treatment/types/immunotherapy?
https://www.cancer.gov/about-cancer/treatment/types/immunotherapy?
https://www.nih.gov/about-nih/nih-turning-discovery-into-health/promise-precision-medicine/cancer-immunotherapy?
https://www.nih.gov/about-nih/nih-turning-discovery-into-health/promise-precision-medicine/cancer-immunotherapy?
https://www.fda.gov/vaccines-blood-biologics/cellular-gene-therapy-products/what-gene-therapy?
https://doi.org/10.3389/fmed.2024.1404922
https://www.ncbi.nlm.nih.gov/pubmed/38903827
https://pmc.ncbi.nlm.nih.gov/articles/PMC11188924
https://www.ncbi.nlm.nih.gov/pubmed/30922113
https://doi.org/10.1007/s40273-021-01065-y
https://www.ncbi.nlm.nih.gov/pubmed/34368939
https://pmc.ncbi.nlm.nih.gov/articles/PMC8516790
https://doi.org/10.1080/20016689.2022.2080631
https://www.ncbi.nlm.nih.gov/pubmed/35693380
https://pmc.ncbi.nlm.nih.gov/articles/PMC9176355
https://doi.org/10.1016/s1474-6670(17)33070-7
https://doi.org/10.1016/j.rfe.2004.09.002
https://doi.org/10.3390/jmahp14030047


J. Mark. Access Health Policy 2026, 14, 47 15 of 16

13. Adair, A.; Kawaguchi, Y.; Tsubokawa, K. The pricing of real options, briefings. Real Estate Financ. 2002, 2, 90–94.
14. Del Giudice, M.; Evangelista, F.; Palmaccio, M. Defining the Black and Scholes approach: A first systematic literature review. J.

Innov. Entrep. 2016, 5, 5. [CrossRef]
15. Myers, S.C.; Howe, C.D. Program of Pharmaceutical Industry. A Life-Cycle Financial Model of Pharmaceutical R&D. 1997.

Available online: http://www.gbv.de/dms/bs/toc/372767303.pdf (accessed on 18 May 2026).
16. Fama, E.F.; French, K.R. The Capital Asset Pricing Model: Theory and Evidence. J. Econ. Perspect. 2004, 18, 25–46. [CrossRef]
17. Markowitz, H.M. Portfolio Selection: Efficient Diversification of Investments; John Wiley & Sons: New York, NY, USA, 1959.
18. Alhabeeb, M.J. Diversifiable and Non-diversifiable Risk and the Advanced Choice under Ambiguous or Uncertain Conditions.

Int. Bus. Res. 2021, 14, 96–112. [CrossRef]
19. Sloand, J. Assessing the Financial Viability of Stratified Medicine Using Decision Tree Analysis; Working Paper; Lehigh University:

Bethlehem, PA, USA, 2014.
20. Rennane, S.; Baker, L.; Mulcahy, A. Estimating the Cost of Industry Investment in Drug Research and Development: A Review of

Methods and Results. Inquiry 2021, 58, 469580211059731. [CrossRef] [PubMed] [PubMed Central]
21. Berdud, M.; Drummond, M.; Towse, A. Establishing a Reasonable Price for an Orphan Drug; OHE Research Paper 18/05; Office of

Health Economics: London, UK, 2018.
22. Côté, A.; Keating, B. What it wrong with orphan drug policies? Value Health 2012, 15, 1185–1191. [CrossRef] [PubMed]
23. Evaluate Ltd. EvaluatePharma. Orphan Drug Report 2014. 2014. Available online: https://www.slideshare.net/slideshow/orphan-

drug-report-53471645/53471645 (accessed on 9 October 2018).
24. Moore, T.J.; Zhang, H.; Anderson, G.; Alexander, G.C. Estimated costs of pivotal trials for novel therapeutic agents approved by

the US Food and Drug Administration, 2015–2016. JAMA Int. Med. 2018, 178, 1451–1457. [CrossRef] [PubMed]
25. Abou-El-Enein, M.; Elsallab, M.; Feldman, S.A.; Fesnak, A.D.; Heslop, H.E.; Marks, P.; Till, B.G.; Bauer, G.; Savoldo, B. Scalable

Manufacturing of CAR T cells for Cancer Immunotherapy. Blood Cancer Discov. 2021, 2, 408–422. [CrossRef] [PubMed]
26. Rodrigues, M.; Duran, E.; Eschgfaeller, B.; Kuzan, D.; Habucky, K. Optimizing commercial manufacturing of tisagenlecleucel for

patients in the US: A 4-year experiential journey. Blood 2021, 138, 1768. [CrossRef]
27. Lopes, A.G.; Sinclair, A.; Frohlich, B. Cost Analysis of Cell Therapy Manufacture: Autologous Cell Therapies, Part 1; BioProcess

International: Boston, MA, USA, 2018.
28. Alliance for Regenerative Medicine. Annual Report: The State of Regenerative Medicine; Alliance for Regenerative Medicine:

Washington, DC, USA, 2020.
29. Ding, M.; Eliashberg, J.; Stremersch, S. (Eds.) Innovation and Marketing in the Pharmaceutical Industry; International Series in

Quantitative Marketing 20; Springer Science & Business Media: New York, NY, USA, 2014. [CrossRef]
30. Pacheco, D. Creating the Category: How to Market First-in-Class Therapies Without Confusing the Market. 6 March 2026.

First-in-Class Pharma Marketing: Owning the Category—Pharma Marketing Network. Available online: https://www.pharma-
mkting.com/articles/page/19/ (accessed on 2 May 2026).

31. Clinical Development Success Rates and Contributing Factors 2011–2020; BIO|QLS Advisors|Informa UK Ltd.: London, UK, 2021.
32. Brown, D.G.; Wobst, H.J.; Kapoor, A.; Kenna, L.A.; Southall, N. Clinical development times for innovative drugs. Nat. Rev. Drug

Discov. 2022, 21, 793–794. [CrossRef] [PubMed] [PubMed Central]
33. Jacob, W.F.; Kwak, Y.H. In search of innovative techniques to evaluate pharmaceutical R&D projects. Technovation 2003,

23, 291–296. [CrossRef]
34. Broekhoff, T.F.; Sweegers, C.C.G.; Krijkamp, E.M.; Mantel-Teeuwisse, A.K.; Leufkens, H.G.M.; Goettsch, W.G.; Vreman, R.A. Early

Cost-Effectiveness of Onasemnogene Abeparvovec-xioi (Zolgensma) and Nusinersen (Spinraza) Treatment for Spinal Muscular
Atrophy I in The Netherlands With Relapse Scenarios. Value Health 2021, 24, 759–769. [CrossRef] [PubMed]

35. Nuijten, M.; Van Wilder, P. The impact of early phase price agreements on prices of orphan drugs. BMC Health Serv. Res. 2021, 21, 222.
[CrossRef] [PubMed] [PubMed Central]

36. Drummond, M.F.; Wilson, D.A.; Kanavos, P.; Ubel, P.; Rovira, J. Assessing the economic challenges posed by orphan drugs. Int. J.
Technol. Assess. Health Care 2007, 23, 36–42. [CrossRef] [PubMed]

37. Sussex, J.; Rollet, P.; Garau, M.; Schmitt, C.; Kent, A.; Hutchings, A. A pilot study of multicriteria decision analysis for valuing
orphan medicines. Value Health 2013, 16, 1163–1169. [CrossRef] [PubMed]

38. Tu, S.S.; Nagar, S.; Kesselheim, A.S.; Lu, Z.; Rome, B.N. Five-Year Sales for Newly Marketed Prescription Drugs With and Without
Initial Orphan Drug Act Designation. JAMA 2023, 329, 1607–1608. [CrossRef] [PubMed] [PubMed Central]

39. Vis, J. Ondernemend Waarderen: Waarderend Ondernemen. De Subjectiviteit van Het Begrip Economische Waarde. Ph.D. Thesis,
Leiden Univeristy, Leiden, The Netherlands, 2010. Available online: https://hdl.handle.net/1887/15937 (accessed on 18 May 2026).

40. Harrington, S. Cost of Capital for Pharmaceutical, Biotechnology, and Medical Device Firms. In The Handbook of the Economics of
the Biopharmaceutical Industry; Oxford University Press: Oxford, UK, 2009.

41. Avorn, J. The $2.6 Billion Pill—Methodologic and Policy Considerations. N. Engl. J. Med. 2015, 372, 1877–1879. [CrossRef]
[PubMed]

https://doi.org/10.3390/jmahp14030047

https://doi.org/10.1186/s13731-015-0030-8
http://www.gbv.de/dms/bs/toc/372767303.pdf
https://doi.org/10.1257/0895330042162430
https://doi.org/10.5539/ibr.v14n12p96
https://doi.org/10.1177/00469580211059731
https://www.ncbi.nlm.nih.gov/pubmed/35170336
https://pmc.ncbi.nlm.nih.gov/articles/PMC8855407
https://doi.org/10.1016/j.jval.2012.09.004
https://www.ncbi.nlm.nih.gov/pubmed/23244823
https://www.slideshare.net/slideshow/orphan-drug-report-53471645/53471645
https://www.slideshare.net/slideshow/orphan-drug-report-53471645/53471645
https://doi.org/10.1001/jamainternmed.2018.3931
https://www.ncbi.nlm.nih.gov/pubmed/30264133
https://doi.org/10.1158/2643-3230.bcd-21-0084
https://www.ncbi.nlm.nih.gov/pubmed/34568831
https://doi.org/10.1182/blood-2021-144897
https://doi.org/10.1007/978-1-4614-7801-0_7
https://www.pharma-mkting.com/articles/page/19/
https://www.pharma-mkting.com/articles/page/19/
https://doi.org/10.1038/d41573-021-00190-9
https://www.ncbi.nlm.nih.gov/pubmed/34759309
https://pmc.ncbi.nlm.nih.gov/articles/PMC9869766
https://doi.org/10.1016/s0166-4972(01)00116-x
https://doi.org/10.1016/j.jval.2020.09.021
https://www.ncbi.nlm.nih.gov/pubmed/34119073
https://doi.org/10.1186/s12913-021-06208-7
https://www.ncbi.nlm.nih.gov/pubmed/33711994
https://pmc.ncbi.nlm.nih.gov/articles/PMC7953706
https://doi.org/10.1017/s0266462307051550
https://www.ncbi.nlm.nih.gov/pubmed/17234015
https://doi.org/10.1016/j.jval.2013.10.002
https://www.ncbi.nlm.nih.gov/pubmed/24326170
https://doi.org/10.1001/jama.2023.3079
https://www.ncbi.nlm.nih.gov/pubmed/37159041
https://pmc.ncbi.nlm.nih.gov/articles/PMC10170330
https://hdl.handle.net/1887/15937
https://doi.org/10.1056/nejmp1500848
https://www.ncbi.nlm.nih.gov/pubmed/25970049
https://doi.org/10.3390/jmahp14030047


J. Mark. Access Health Policy 2026, 14, 47 16 of 16

42. Light, D.W.; Warburton, R. Demythologizing the high costs of pharmaceutical research. BioSocieties 2011, 6, 34–50. [CrossRef]
43. DiMasi, J.A.; Grabowski, H.G.; Hansen, R.W. Innovation in the pharmaceutical industry: New estimates of R&D costs. J. Health

Econ. 2016, 47, 20–33. [CrossRef] [PubMed]
44. Giaccotto, C.; Golec, J.; Vernon, J. New estimates of the cost of capital for pharmaceutical firms. J. Corp. Financ. 2011, 17, 526–540.

[CrossRef]
45. New in Avance. In Valuation in Life Sciences; Springer: Berlin/Heidelberg, Germany, 2008.
46. U.S. Congress, Office of Technology Assessment. PhurrnaceuficaZ R&D: Costs, Ris/u and Rewards, OTA-H-522; U.S. Government

Printing Office: Washington, DC, USA, 1993.
47. Del Giudice, V.; Passeri, A.; De Paola, P.; Torrieri, F. Estimation of risk-return for real estate investments by applying Ellwood’s model

and real options analysis: An application to the residential real estate market of Naples. Appl. Mech. Mater. 2014, 651–653, 1570–1575.
[CrossRef]

48. Dotsis, G.; Makropoulou, V.; Markellos, R.N. Investment under uncertainty and volatility estimation risk. Appl. Econ. Lett. 2012,
19, 133–137. [CrossRef]

49. Franklin, S.L.; Diallo, M. Valuing real options for network investment decisions and cost-based access pricing. Eng. Econ. 2012,
57, 223–246. [CrossRef]

50. Hult, G.T.M.; Craighead, C.W.; Ketchen, D.J., Jr. Risk uncertainty and supply chain decisions: A real option perspective. Decis.
Sci. 2010, 41, 435–458. [CrossRef]

51. Lankton, N.; Luft, J. Uncertainty and industry structure effects on managerial intuition about information technology real options.
J. Manag. Inf. Syst. 2008, 25, 203–240. [CrossRef]

52. Adner, R.; Levinthal, D.A. Real options and real tradeoffs. Acad. Manag. Rev. 2004, 29, 120–126. [CrossRef]
53. Kogut, B.; Kulatilaka, N. Real options pricing and organizations: The contingent risks of extended theoretical domains. Acad.

Manag. Rev. 2004, 29, 102–110. [CrossRef]
54. Lele, D.; Lian, X.; Leiwei, L.; Tuo, C.; Minghui, W. Numerical simulation of Black-Scholes model by finite difference method. Appl.

Mech. Mater. 2014, 513–517, 4090–4093. [CrossRef]
55. Morris, H.; Limon, A. A multilevel approach to solving the Black–Scholes equation. Int. J. Theor. Appl. Financ. 2010, 13, 403–414.

[CrossRef]
56. Pomykacz, M.; Olmsted, C. Options in real estate valuation. Apprais. J. 2013, 81, 227–238.
57. Wanetick, D. What is the real value in real options? Licens. J. 2013, 33, 7–10.
58. Gunther McGrath, R.; Nerkar, A. Real options reasoning and a new look at the R&D investment strategies of pharmaceutical

firms. Strateg. Manag. J. 2004, 25, 1–21. [CrossRef]
59. Hartmann, M.; Hassan, A. Application of real options analysis for pharmaceutical R&D project valuation—Empirical results from

a survey. Res. Policy 2006, 35, 343–354. [CrossRef]
60. Ashuri, B.; Kashani, H.; Molenaar, K.R.; Lee, S.; Lu, J. Risk-neutral pricing approach for evaluating BOT highway projects with

government minimum revenue guarantee options. J. Constr. Eng. Manag. 2012, 138, 545–557. [CrossRef]
61. Bulan, L.; Mayer, C.; Somerville, C.T. Irreversible investment, real options, and competition: Evidence from real estate develop-

ment. J. Urban Econ. 2009, 65, 237–251. [CrossRef]
62. Denison, C.A.; Farrell, A.M.; Jackson, K.E. Managers incorporation of the value of real options into their longterm investment

decisions: An experimental investigation. Contemp. Account. Res. 2012, 29, 590–620. [CrossRef]
63. Kim, D.Y.; Ashuri, B.; Han, S.H. Financial valuation of investments in international construction markets: Realoptions approach

for market-entry decisions. J. Manag. Eng. 2013, 29, 355–368. [CrossRef]
64. Krychowski, C.; Quélin, B.V. Real options and strategic investment decisions: Can they be of use to scholars? Acad. Manag.

Perspect. 2010, 24, 65–78. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jmahp14030047

https://doi.org/10.1057/biosoc.2010.40
https://doi.org/10.1016/j.jhealeco.2016.01.012
https://www.ncbi.nlm.nih.gov/pubmed/26928437
https://doi.org/10.1016/j.jcorpfin.2011.02.003
https://doi.org/10.4028/www.scientific.net/amm.651-653.1570
https://doi.org/10.1080/13504851.2011.570697
https://doi.org/10.1080/0013791x.2012.729874
https://doi.org/10.1111/j.1540-5915.2010.00276.x
https://doi.org/10.2753/mis0742-1222250209
https://doi.org/10.2307/20159014
https://doi.org/10.5465/amr.2004.11851725
https://doi.org/10.4028/www.scientific.net/amm.513-517.4090
https://doi.org/10.1142/s0219024910005826
https://doi.org/10.1002/smj.358
https://doi.org/10.1016/j.respol.2005.12.005
https://doi.org/10.1061/(asce)co.1943-7862.0000447
https://doi.org/10.1016/j.jue.2008.03.003
https://doi.org/10.1111/j.1911-3846.2011.01116.x
https://doi.org/10.1061/(asce)me.1943-5479.0000152
https://doi.org/10.5465/amp.24.2.65
https://doi.org/10.3390/jmahp14030047

	Introduction 
	Evaluation Concepts 
	DCF Concept 
	CoC 

	Uncertainty Levels 
	Definitions 
	Costs 
	Sales 
	CoC 

	Alternative Evaluation Method 
	Different Perspectives 
	Analysis 
	Real Option 
	Perspective 

	Discussion 
	Summary 
	References

