
O ver the past decade,
option theory has received a
great deal of attention from
both academia and business.
Avinash K. Dixit (Professor
of Economics at Princeton
University) and Robert S.
P i n d yck (Mitsubishi Bank
P ro fessor of Applied
Economics in the School of
M a n a gement at th e
M a s s a ch u s etts Inst i t u te of
Te chnology) have asserte d
that “in order to make intel-
ligent investment choices, managers need to consider the value of options.”  Judy
Lewent, CFO at Merck & Company, has suggested that “all business opportunities
are real options.”  A number of strong performers in the pharmaceutical industry – 
including Merck – now view their investment opportunities as real options.  They
manage their options proactively to create value and take advantage of the 
inherent flexibility of options when resolving uncertainties.  But other companies
still live in a static world of planning based on discounted cash flow.  These 
companies do not recognize that the rigid execution of a plan can destroy
value when funding is committed in full up front.  

Capturing 
Value from

O pt io n al i t y in
Pharma R&D

B i rgit König, Aleksandar Ruzicic, Michael Sch u p p e n h a u e r, Thomas Sepp

© 1999 McKinsey & Company.  All rights reserved.



e believe that th e

R&D process at any

p h a rmaceutical comp a ny

can benefit from the guidelines

that option theory supplies.  Basically,

a ny sta ged inve stment that give s

managers the right to invest further but

does not require them to do so is an

option. The flexibility inherent in these

options can be highly valuable, and the

value can be increased if the investments

are managed according to option theory.

No n etheless, exe c u t i ves at many

pharmaceutical companies have not yet
recognized or applied the power of real

options in their businesses – despite the
apparent relevance of option theory to

pharmaceutical R&D.   Some assert that

the theory is too mysterious, that its
“black box” characteristics make it diffi-

cult to gain organizational buy- i n .
Some tools for option valuation seem

too simplistic, while others seem overly

complex.  We would argue that option
valuation could be as transparent as

decision tree analysis and as easy to
implement.  Additionally, executives can

reap the benefits of managing according

to option th e o ry without becoming
deeply conversant with real option valu-

ation te ch n i ques. We believe th a t
m a n a ge rs who ex p e riment with re a l

option valuation will discover that:

• Real option valuation is the best valu-

ation tool for most life sciences devel-
opment projects

• Early projects can be effectively eval-
uated using options

• The value of options increases with

uncertainty, flexibility, and learning

e ffi c i e n c y, when uncertainties are
re s o lved over time and manage -

ment has the fl exibility to re a c t
accordingly.

The Best Valuation Tool 
for Most Pharma Projects

Many managers in the pharmaceuti-

cal industry doubt that financial valua-

tion of an R&D project adds any value

in early decision making. It seems that

the same reasons against a quick real

option valuation (ROV) adoption are

cited today, as historically for the net

p resent value (NPV) method. Re a l

option pricing, however, can be an effec-

tive way to assess alternative deal struc-

tures and to introduce ever more valu-

able degrees of flexibility – even if the

results seldom match intuition.  With

licensing, for example, the importance

of accura te financial eva l u a t i o n

becomes obvious. If a company offers

too low a price in the bidding process, it

risks losing valuable compounds. If it

overpays, it destroys value. The problem

is made even worse with flexible licens-

ing deal structures, which feature mile-

stone and royalty payments and equity

t ra n s fe rs in addition to up-fro n t

payments. 

Managerial corporate finance theory

has been struggling for years with the

question of how to evaluate investments

in conditions of uncertainty, and many

different methods have been applied.

Much of the criticism leveled at the

financial valuation of pharm a c e u t i c a l

R&D projects is due to the fact that

discounted cash flow (DCF) is the most

popular appro a ch, an appro a ch th a t

c a n n ot even re m ote ly capt u re th e

option value in R&D projects. DCF

assumes that companies hold inve st-

ments passive ly. It ignores manage-

ment’s flexibility to alter the course of a

project in response to changing condi-

tions; thus it creates a static picture of

existing investments and opportunities.

Practitioners who are aware of DCF’s

shortcomings tend to rely on techniques

such as scenario analysis or simple deci-

sion tree analysis (DTA). Both methods,

as commonly implemented, recognize

that uncertainty exists, but do not value

flexibility or adjust for risk. Only real

option valuation encompasses both flex-

ibility and the resolution of uncer tainty

through learning, and, therefore, the

“true option value” of a pharmaceutical

project. Why is this? 

In the financial assessment of

P h a rma R&D development pro j e c t s ,

the choice of method depends on level

and type of uncertainty (Exhibit 1).

DCF can only be used when there is

no flexibility to react to outcomes – not

a typical situation in Pharma R&D. In

such a case, any uncertainty of input

parameters for a classical NPV calcula-

tion with DCF can be captured through

M o n te Carlo scenario analysis. The

Monte Carlo methodology returns the

uncertainty of the NPV, based on the

uncertainty assumptions for the input

parameters.

DTA is a ri g o rous decision to o l ,

w i d e ly used in the pharm a c e u t i c a l

i n d u st ry and ri g h t ly the method of

choice when (discrete) technical uncer-

tainty pre d o m i n a tes. Howeve r, DTA

cannot capture any continuous market

uncertainties like the level of off-label

prescriptions or disposable income in

the case of lifestyle drugs. It will, there-

fore, underestimate the value of most

ethical and all over-the-counter drugs. 

Basic ROV according to the original

B l a ck- S choles fo rmula can capt u re

project value correctly whenever the
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uncertainties affecting project value are

mainly of continuous nature. Where

this is the case, as in natural resource

valuations, basic ROV has alre a d y

started to replace DCF in practice. The

key to the easy application of th e

method is a reliable volatility estimate

for the natural resource price, such as

oil, which can be derived directly from

the financial markets. The Chicago

B o a rd of Trade sta rted trading in

futures on crude and heating oil in 1983.

Today, oil companies have to evaluate

w h ether financial options or re a l

options (i.e., capacity shutdown), is the

method of choice to maximize r evenues

to shareholders (Martha Amram and

Nalin Ku l a t i l a ka: Real Opt i o n s :

Managing Strategic Investment in an

Un c e rtain Wo rl d). Howeve r, in most

pharmaceutical applications, basic ROV

is of little help, as it cannot properly

c a pt u re discrete uncertainties such as

te chnical success or entry by a 

competitor.  It thus overvalues projects

significantly.

Ad vanced ROV can handle a high

l evel of both discrete and continuous

u n c e rtainties. It is thus the only meth o d

that corre c t ly capt u res the economic

fe a t u res of a typical R&D project. It is

a l ways correct, and when uncerta i n t i e s

f rom many diffe rent sources have to be

modeled, it is much more practical th a n

other methods, because th e re are oppor-

tunities for simp l i fication.  Appare n t ly

o n ly the continued misperc e ption th a t

this th e o ry is comp l ex prevents more

people from applying it and fro m

i n i t i a l ly pre fe rring NPV meth o d o l o g y.

In fact, if you can implement DTA, it

is not much wo rk to imp l e m e n t

advanced ROV.   The evaluation of a

p h a rmaceutical project with advanced 

ROV ge n e ra l ly fo l l ows a fi ve - ste p

approach (Exhibit 2):

1. Calculate base case: As a basis for the

valuation, the target profile of a drug

is described. An ordinary DCF calcu-

lation based on this target profile will

be used later to evaluate the relative

importance of different uncertainties.

2. Identify uncertainties and fl ex i -

b i l i t y: Un c e rtainties about input 

variables are identified and character-

ized for level and type. For discrete

uncertainties, probabilities of events

are specified; for continuous uncer-

tainties, ranges of outcomes should

be specified.

3. Build an event tree: The most impor-

tant uncertainties (i.e., those with the

greatest effect on value) should be

modeled explicitly. This will prevent

valuation models from becoming

overly complex. On the basis of the

major discrete uncertainties, an event

t ree should be developed. It will

incorporate discrete uncertainties as

individual bra n ches with time of

resolution and probabilities. The

continuous evolution of the project

market value is modeled as up-and-

down movements in the event tree.

4. S i m u l a te magnitude of vo l a t i l i t y:

The remaining discrete and continu-

ous uncertainties should be

combined into the “volatility of the

p roject market va l u e ,” as deri ve d

f rom Monte Carlo simulation.

Ad d i t i o n a l ly, because the learn i n g

about this bundled uncertainty can

be assumed to be constant, the result-

ant volatility used for calculations in

the Black- S choles fo rmula will be

constant as well.

5.  Determine project value: For each

state of nature or “end point in the

tree,” the market value is determined.
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Exhibit 1

CHOICE OF QUANTITATIVE EVA L U ATION METHOD
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Backward induction of this tree then

yields the true project value, assum-

ing a “rational” investment decision

at each decision point.  An invest-

ment decision is considered rational

only if the expected value at a certain

decision point is higher than th e

investment needed to complete the

next phase of development.

As these steps make clear, advanced

ROV is really a decision tree overlaid

with a real option lattice. It unites the

advantages of both methods: It makes

decisions along the development path

transparent and is thus easily under-

stood by R&D personnel. It also

supplies a convenient method to deal

with the multitude of minor risks and

market uncertainties through bundling

into one uncertainty, and it gives correct

results, even for OTC and generic drugs

(Exhibit 3).

Worthwhile for Early Projects

Option valuation is the method of

choice for most development projects,

but what about those early projects that

do not justify an elaborate financial

evaluation? Usually, companies do not

require a dollar amount of project value,

but an internal ranking. In these situa-

tions, many companies use a ro u g h

DCF calculation of a “base case,”

together with a risk assessment to deter-

mine a project’s rank.  Evaluated from a

DCF point of view, a project with high

risk is less attractive than a project with

low risk.

Here again, because it discriminates

against risk and does not recognize the

value of flexibility, DCF is misleading.

To acknowledge option value in invest-

ment decisions of very early projects,

two main evaluation parameters should

be “upside market potential” and
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Exhibit 2

PROCESS FOR CALCULATING PROJECT VA L U E

Exhibit 3

C O M PARISON OF PROJECT VALUE BY METHOD*

$ Mi l l i o n s

* Project value including investments at t = 0
Source: McKinsey analysis

C a p t u r i n g  V a l u e  f r o m  O p t i o n a l i t y  i n  P h a r m a  R & D



“timing of resolution of major uncer-

tainties.”  Successful companies actually

display an appetite for risk when select-

ing R&D projects. They understa n d

that “risk” means an increase in the

volatility of a project’s value and, there-

fore, that risk has both a downside and

an upside. If management can avoid

some of the less attractive outcomes by

being flexible in its decision making –

for example, by walking away from the

original investment decision, changing

the nature of trials, re o rienting th e

ta rgeted claims – the pro j e c t’s va l u e

distribution becomes skewed and the

mean value increases. Assuming about

the same flexibility for all projects in

this stage, project value is thus deter-

mined mainly by the upside, not by the

downside. Of course, the earlier uncer-

tainty is resolved the more valuable the

project becomes.  Thus, the timing of

“killer risk” resolution is the second

value driver companies should consider

when evaluating early R&D projects.

Managing Real Options
Increases the Value of 
the R&D Portfolio

While option pricing models are

indeed the superior valuation tool – the

purpose to which the theory is generally

put – we further believe that re a l

options can provide a systematic frame-

work that will also serve as a strategic

tool. It is in this strategic application

that the real power of real options lies.

Option value – unlike asset value

(NPV) – is not just “lying there” but has

to be extracted proactively by manage-

ment. One of the advantages of under-

standing the basic Black-Scholes equa-

tion for the pharmaceutical industry is

that it identifies the levers that manage-

ment can apply to maximize option

value, such as extending the option’s

duration through longer patents (e.g.,

Astra’s Losec) or reducing investment to

exercise the option through co-market-

ing agreements (e.g., Pfizer’s Lipitor)

(Exhibit 4). One such lever, improving

the range of expected cash flows, has

immediate implications for managing

the R&D process and the project port-

folio in pharmaceutical companies. It

requires the quest for projects with high

upsides, accepting the associated risks

because management can truncate them.

In circumstances where the uncer-

tainties are re s o lved over time and

management has the flexibility to react

a c c o rd i n gly, the value of opt i o n s

increases with uncertainty, flexibility,

and learning efficiency (Exhibit 5).

Un c e rta i n t y. Higher uncerta i n t y

about project value means there is a

greater spread between the lowest and

the highest possible outcome.  Because

management has the flexibility to stop

developing a project that turns out to be

ineffective, the downside risk in the

distribution of outcomes can be effec-

tively truncated. This truncation leads

to a skewed distribution curve and a

s h i ft of the ex p e c ted value towa rd

higher NPVs. Consequently, managers

should select projects with high upsides,

even though they may appear to be

more risky. Furthermore, if managers

have the flexibility to walk away from a

project or refine the targeted claims,

they should increase the number of high

potential early projects, even those with

s u b stantial uncertainty (Exhibit 6).

Given the same flexibility and similar

investment levels due to the tightly regu-

lated R&D process, a strategy built on

p u rsuing riskier projects for large r

markets will, in most instances, be more

valuable than an explicit niche market

strategy.
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Exhibit 4

DRIVERS OF REAL OPTION VA L U E

C a p t u r i n g  V a l u e  f r o m  O p t i o n a l i t y  i n  P h a r m a  R & D



Of course, the key to any financial

project valuation under conditions of

uncertainty is a solid estimate of the

input parameters. In the long run, struc-

tured, computer-aided decision-making

– similar to what Merck & Company is

reportedly doing – might be justified.

Not only does the methodology create

value, but using information manage-

ment systems to incorporate the cumu-

lative learning about the uncertainty of

various input parameters also creates

value.

Flexibility. High flexibility is the

prerequisite for the effective truncation

of downside risks.  The more decision-

making milestones a process has and the

faster decision-making is accomplished,

the better the attrition of projects can

be managed. Here th ree common

pitfalls can be observed: Some compa-

nies delay decisions and, in effect, exer-

cise very little flexibility. Others have

one ex t re m e ly rigid decision point

( u s u a l ly the development decision),

which thins the project flow so early

that there is not much room left for flex-

ibility downstream. Finally, there are

companies that emulate the ideal attri-

tion curve almost perfectly, but seem to

put more importance on “number of

projects per phase” than on “intrinsic

p roject va l u e .” None of th e s e

approaches is geared toward managing

option value as none of them is making

wise use of flexibility.

The decision making processes of

pharmaceutical companies will have to

change. Projects will only be continued

if their value surpasses a threshold for

the “intrinsic project value” after full

learning on investment from the actual

d evelopment phase. Deviations fro m

development plans and budgets will be

evaluated against the added value to the

project. Project teams will have to adapt
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Exhibit 5

MANAGING REAL OPTION VA U E

Exhibit 6

VALUE OF UNCERTA I N T Y
Distribution of outcomes
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their initial plans based on latest news

from the market or other competitors’

learning and remain flexible. The incen-

tive systems will adequately reward an

unfortunate team that pushes for killing

a project due to new insights.

Learning efficiency. The key to opti-

mizing option value is to resolve “killer

risks” early. To improve learning effi-

ciency, managers should focus on three

activities:  

• Pay for information not for time.

That is, tie investments to externally

important, value-driving milestones

like “oral vs. i.v.” The key here is the

resolution of uncertainty or, as we

might call it, the “learning on invest-

ment” rate (LOI).  It is a mistake to

let internal milestones like the annual

portfolio review govern the decision-

making, because any no-go decision

that is reached before a project mile-

stone serves to negate the inve st-

ments since the last decision point.

• St ri ve for maximum incre m e n ta l

resolution of uncertainty at any time,

(i.e., do not use “standard develop-

ment plans” or plan years ahead).

Killer risks are not the same in every

project, and their sequence is hard to

predict. Therefore, go/no-go criteria

h ave to be dete rmined for each

project individually.

• Keep your eye on externally available

information. A project’s value might

ch a n ge dra m a t i c a l ly ove rn i g h t

without any new internal informa-

tion. Any pharmaceutical company

should encourage its staff to incorpo-

rate changes in external information

into their project evaluations and,

when appropriate, draw new conclu-

sions.

“Fast followers” in drug development

have become extremely adept at learn-

ing from their more advanced competi-

tors.   They avoid costly mistakes in

R&D strategy because their competitors

have paid for the learning.  Companies

can also create value by learning the

ta rget pro file of comp et i to rs befo re

starting Phase III clinical trials.  With

this knowledge, managers will be better

equipped to choose the optimum devel-

opment strategy for the best relative

positioning in the market. We do not

suggest that waiting to exercise R&D

options is always, or even mostly, favor-

able. However, given the increasingly

u n fo rgiving market, pharm a c e u t i c a l

companies may have to analyze whether

the historical rush to the market is the

best approach for projects that will not

be first in class.

* * *

Option theory enables companies to

value their investments not only on the

basis of what is known or expected, but

also on what is not yet known or what

is uncertain.  It helps decision-makers

identify uncertainties and flexibility and

extract inherent option value. It backs

m a n a gement intuition with sound

theory and can differentiate between

“strategic investment” leading to long-

term growth and “wasted money.”

* * *
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for ongoing inspiration.
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