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  ABSTRACT       Biotechnology investors are increasingly concerned about taking the risk of 
investing in the development of innovative drugs, and pharmaceutical companies are worried 
about maintaining their high profi tability in the future. The question is how to build a portfolio 
of research and development (R & D) projects that fulfi ls the fi nancial expectations of investors 
and shareholders. State-of-the-art net present value algorithms are applied to different types 
of projects at entry into development in order to evaluate their fi nancial attractiveness and 
their ability to generate adequate returns. Based on the currently applied cost of capital for 
pharmaceutical and biotechnology companies the attractiveness of the so-called blockbuster 
model is clearly supported. The increasingly favoured specialty model, however, will only provide 
suffi cient returns to biotechnology investors if signifi cant sales volumes are reached. Complementing 
a company ’ s development portfolio with risk-reduced projects could be an attractive way to 
ensure sustained growth for both biotechnology and pharmaceutical companies.  
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 INTRODUCTION 
 Pharmaceutical R & D is a highly risky 
endeavour. Only around 10 per cent of 
drugs entering development fi nally reach the 
market, and only 20 per cent of marketed 
drugs recover their investment.  1,2   After the 
initial enthusiasm driven by the tremendous 
valuations of early-stage biotechnology 
companies in the late 1990s, investors are 
now more careful in considering 
biotechnology investment opportunities. 
Many venture capital funds are still suffering 
from the decline in valuations of the early 
century, hardly providing the returns that are 
expected for biotechnology investments.  3   
In fact, venture capitalists are much more 
risk averse these days and prefer investments 
in companies whose products have the 
potential to reach the market either faster 
or at lower cost,  4   or they reduce investments 
in biotechnology altogether  5,6   and shift to 
other assets such as, for example, clean energy 
technologies.  7   The question arises whether 
there is an objective rationale for investors ’  
declining enthusiasm in supporting 
biotechnology companies. 

 Also in the pharmaceutical industry it is 
currently debated how high profi tability 
can be maintained. Rising R & D cost and 
some setbacks caused by withdrawals of 
launched products, as well as expensive late 
development failures, raised concerns whether 
pharmaceutical companies can keep the 
comfortable profi tability levels of the past. 
The industry has responded with numerous 
initiatives to enhance its effi ciency, including 
attempts to improve the productivity of 
their huge R & D investments. For example, 
portfolio management techniques are 
increasingly applied in R & D in order to 
maximise portfolio value and to balance 
portfolio risk across projects.  8 – 11   It is an 
accepted fact that a signifi cant number of 
companies currently rely on very few high 
volume products. Given the well-known 
uncertainties in the life science industry, the 
most important and also the most diffi cult 
question is not to determine the high priority 

projects but, rather, which projects should be 
terminated based on their limited economic 
potential. Companies that manage this 
challenge better than others have a signifi cant 
advantage over their competitors because 
they more likely allocate R & D resources 
to projects that will create signifi cant value. 
In other words, such companies should get 
a higher return on their R & D investment. 

 In order to investigate the question which 
projects would have suffi cient expected 
value to satisfy the demands of venture capital 
investors and capital markets, the present 
paper analyses the risk and profi tability of 
three different business models pursued by 
biotechnology and pharmaceutical companies, 
in light of their respective cost of capital. 
Three projects typically representing those 
models are analysed. Each project ’ s net 
present value is determined at entry into 
preclinical development, taking into account 
the probability of success for the forthcoming 
development milestones. The results are 
discussed in the light of return expectations 
for different categories of companies.   

 BUSINESS MODELS 
 In the life science industry there is no 
single business model guaranteeing success. 
There are two predominant models that 
companies pursue in order to outperform 
competition:   

 Blockbuster model 
 Specialty model    

 Blockbuster model 
 The well-known blockbuster model emerged 
in the 1980s and is characterised by a focus 
on mass markets and on highly prevalent 
diseases such as, for example, hypertension, 
lipid metabolism disorders and gastric ulcers. 
Successful products were often not fi rst 
in class molecules but fast followers. The 
advantages of these second generation 
products were not always clinically signifi cant; 
instead, their commercial success could clearly 
be correlated with the marketing capabilities 

•
•
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 According to Kambhammettu,  17   specialty 
pharma can be differentiated as follows:   

  Niche therapeutic area / orphan disease 
concentrators  
 Companies focus on therapeutic segments 
such as ophthalmology, specifi c tumour 
types and other rare but serious diseases 
that have been neglected by big pharma. 
Examples for this model are Genzyme, 
Alcan and Actelion. 
  Portfolio adapters  
 Companies pursuing this model acquire 
products that are de-prioritised by big 
pharma. Efforts are made to increase the 
sales volume of such products signifi cantly 
by additional development investments 
and focussed intensive marketing. 
Companies successfully applying this 
business model are, for example, 
Shire and King Pharmaceuticals. 
  Licensing experts  
 Such companies in-license early and 
late stage development candidates and 
complete development towards approval. 
One of the fi rst companies applying 
this model was Marion Laboratories; 
today, Helsinn Pharma is a typical 
example. 
  Drug delivery experts  
 Companies reformulate existing molecules 
in order to enhance their therapeutic 
application, their benefi t / risk profi le 
or their convenience. The company that 
fi rst applied this model was Alza; today, 
companies such as Nektar and Elan are 
representing this strategy. 
  Specialty generic companies  
 The increasing competitive pressure in 
the generic industry made some generic 
companies develop their own branded 
generics by reformulating existing 
products. Examples of this approach 
are Barr and Watson.   

 A further defi nition of the specialty pharma 
model is added to the classifi cations described 
above.  

•

•

•

•

•

of the respective companies. Well-known 
examples are enalapril, ramipril, cimetidin, 
ranitidin and especially atorvastatin (Lipitor ™ ), 
which was only the sixth HMG-CoA 
reductase inhibitor entering the market for the 
treatment of lipid metabolism disorders. The 
overall risk profi les of these projects were quite 
favourable because the scientifi c and clinical 
proof of concept had already been delivered by 
another company / molecule. The billion dollar 
annual sales were reached and later far 
exceeded by continued massive investments in 
development, life cycle management, and 
marketing and sales initiatives that were also 
used to create or expand the markets. 

 Most big international pharmaceutical 
companies currently rely on a few blockbuster 
products that are supported by signifi cant life 
cycle management investments protecting 
these important assets. It is quite obvious that 
products like Lipitor ™  with annual sales 
exceeding US $ 10 billion provided the returns 
that made the pharmaceutical industry the 
most profi table one over the last decade. 

 It is, however, believed that the blockbuster 
model is now at risk because of declining 
R & D productivity and changing market 
conditions.  12 – 15   Branded products with 
total yearly sales of  $ 170 billion will lose 
their patents by 2015.  16   In spite of the 
expected signifi cant changes, large primary 
care products will remain an integral part 
of major pharmaceutical and biotechnology 
companies and will therefore be evaluated 
in the context of this study.   

 Specialty model 
 The term  ‘ specialty pharma ’  is not clearly 
defi ned and covers a wide range of different 
approaches.  17   The fi rst wave of such 
companies focussed on niche therapeutic areas 
such as ophthalmology and various orphan 
diseases. Gradually, they have come to include 
a whole gamut of companies, ranging from 
therapeutic area concentrators (such as 
Lundbeck and Actelion) to drug delivery 
experts (such as Elan) and generic specialists 
(such as Teva and Barr). 
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 Indication specialists 
 Companies belonging to this class typically 
focus on severe diseases whose incidence is 
lower than that of the classical blockbuster 
indications such as hypertension and lipid 
metabolism disorders. However, drug prices 
are usually higher  18   and products are often 
biologics and injectables. Patients are 
predominantly treated by specialists rather 
than primary care physicians. Many 
biotechnology companies are indication 
specialists. The most broadly addressed 
indication specialist market is oncology. 
Twenty-eight per cent of drugs currently 
in R & D are cancer therapeutics.  19   The 
development of this market with products 
like Avastin ™ , Gleevec ™  and Taxotere ™  
indicates that also specialty products 
can exceed  $ 1 billion annual sales. 
Based on their high prices these products 
are very profi table. The great majority of 
products in this class generate, however, 
much lower sales. 

 The specialty markets are becoming 
increasingly relevant for both international 
pharmaceutical companies and biotechnology 
companies. The development investments 
in specialty products are similar to those of 
large primary care products up to proof of 
concept, but Phase III trials are usually less 
expensive.  20   Extensive post-approval outcomes 
studies are rarely required. Two subtypes of 
the speciality model are included in the 
present investigation, that is, the indication 
specialist model and the drug delivery model. 
The large inherent risk involved in drug 
discovery and development has created a 
demand for business models delivering 
commercially attractive products with a higher 
probability of launch, shorter development 
time and lower development cost. From the 
various options that have been pursued it can 
be concluded that strategies using well-known 
and well-characterised drug substances and 
modifying them to create incremental value 
to patients are especially attractive.  21,22   It is 
an obvious approach to reformulate already 
approved drugs in order to reduce some 

disadvantages of the original formulation. 
Such reformulations could simply address 
convenience issues, but in certain cases also 
improve effi cacy and safety. Four strategic 
objectives associated with drug reformulations 
can be differentiated:  23     

 Switch and grow 
 Switch of patients from old to new and 
competitively differentiated formulation 
(example: J & J developed Risperdal ™  consta, 
long acting risperidone, a once monthly 
depot formulation for the treatment of 
schizophrenia).   

 Expand and grow 
 Expanding the scope of a product, that is, 
gaining access to new segments of 
patient population or new indications 
(example: Wyeth developed Protonix ™  i.v., 
a reformulation of pantoprazole, especially 
indicated for severe forms of gastroduodenal, 
esophageal infl ammation and Zollinger 
Ellison Syndrome).   

 Generic defence 
 Switch of patients to competitively 
differentiated formulation that provides 
extended patent protection, usually late 
in product life cycle (example: Prozac ™  
weekly).   

 Market grab 
 Reformulation of a generic drug to capture 
market share both from the original brand 
and from generic manufacturers. This can be 
associated with a different regulatory label 
(example: Cephalon launched a reformulation 
of fentanyl (Actiq ™ ) for the treatment of 
breakthrough cancer pain). 

 The range of strategic approaches indicate 
that virtually all companies can benefi t from 
drug reformulations. The advantage is the 
overall higher success rate of such projects 
and the usually front-loaded risk structure, 
meaning that the greatest risk of failure is 
early in development and R & D budget 
erosion is minimised. Furthermore, product 
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 For our fi nancial modelling we used the 
concept of augmented net present value 
(NPV); (other commonly applied terms 
are expected NPV, or risk-adjusted NPV 
based on the project ’ s milestone structure), 
taking advantage of discrete probability 
distributions to model development risk, 
potential outcomes and respective 
consequences. The model is generally 
accepted for the valuation of R & D 
projects.  8,26-31   

 Projects were evaluated at entry into 
preclinical development after successful 
completion of the discovery phase. We 
assumed that the input variables for the 
investigated project categories are not 
signifi cantly different if undertaken in large 
pharmaceutical or biotechnology / specialty 
companies, with the only exception of the 
cost of capital. Arguments for this assumption 
are provided below. 

 The proportion of  total R & D expenditure  
by functions  1   is as follows: 

      •    Clinical     35 per cent 
    •    Chemistry, Manufacturing  &  Controls 

(CMC)     15 per cent 
    •    Non clinical     5 per cent 
    •    Regulatory     4 per cent 
    •    Discovery     23 per cent 
    •    Miscellaneous plus fees     17 per cent   

 If only development costs are considered, 
clinical development is most expensive 
with 45 per cent, followed by CMC nearly 
20 per cent, non clinical with 6 per cent 
and regulatory with 5 per cent. 

 The overall  external R & D expenses  are 
created in the following areas  1  : 

      •    Clinical     60 per cent 
    •    CMC     12 per cent 
    •    Non clinical     5 per cent 
    •    Regulatory     2 per cent 
    •    Miscellaneous plus fees     12 per cent   

 It is assumed that biotechnology companies 
will depend to a large extent on external 

prices for reformulations are often not 
signifi cantly different from the original and 
may, depending of the competitive advantage, 
even be higher; however, the market 
positioning of the reformulation requires a 
signifi cant marketing budget. For companies 
following this business model it is very 
important to generate a strong intellectual 
property position in the technology that they 
apply because formulation patents can be 
circumvented much easier than composition 
of matter patents protecting a new active 
ingredient. In any case, the huge number of 
companies pursuing drug delivery strategies,  24,25   
many of them backed by venture capital, is a 
living proof that this risk-minimising strategy 
is attractive to investors. 

 In our fi nancial modelling we considered 
two different development strategies for a 
drug reformulation, one just requiring a 
bioequivalence study (for projects where 
the pharmacokinetic profi le is not 
changed) plus a small clinical trial to 
establish the added value, and another 
one where additional Phase III studies are 
necessary in order to establish effi cacy 
and safety.     

 VALUATION MODEL AND 
INPUT PARAMETERS 
 In order to compare the fi nancial value 
created through the different business models 
(for example, blockbuster, specialty and drug 
reformulation), representative project examples 
were defi ned using input parameters based on 
industry standards  1   and Bioscience Valuation ’ s 
database. The specialty model evaluated in 
this analysis refl ects the indication specialist 
defi nition. 

 The following parameters were defi ned:   

 Development time 
 Development cost 
 Probability of development success (PoS) 
 Cost of goods sold (CoGs) 
 Marketing and sales (M & S) cost 
 Peak sales and time to reach peak sales 
 Patent duration   

•
•
•
•
•
•
•
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contract research organisations for their 
preclinical, clinical and CMC development 
activities. Pharmaceutical companies also 
use contract research organisations intensively 
for their clinical development, whereas the 
preclinical and the CMC work is more often 
done in-house. Whether drug development 
can be done more cost effectively in 
house or through contract research 
organisations is a matter of intensive debate 
and depends on the special situation. 
For areas in which both types of companies 
intensively rely on external vendors, such 
as clinical development, we assume that 
there are no signifi cant differences in 
development cost between biotechnology /
 specialty and pharma companies because 
the potentially smaller amount of overhead 
in biotechnology / specialty companies might 
be counterbalanced by better deals that 
big pharma is able to negotiate with 
clinical research organisations, based on the 

larger amount of work they are bringing 
to them. 

 Whereas for established large pharmaceutical 
companies the cost of capital can be assumed 
to be in the order of 10 per cent, the cost 
of capital (or, in other words, the return 
expectations) for biotechnology companies 
funded by venture capital is considerably 
higher. We applied 20 per cent in our model, 
being aware that some venture capitalists apply 
signifi cantly higher fi gures. 

 The base case assumptions for cost, PoS, 
and time lines for the blockbuster, specialty 
and drug delivery (with / without Phase III) 
projects are illustrated in  Figures 1 – 4 . 

  Table 1  summarises the input parameters 
for the three different business models. R & D 
related parameters are based on Bioscience 
Valuation ’ s database and on publications by 
Parexel and CMR.  24,25   Marketing, sales and 
G & A costs (SG & A) refl ect data published in 
representative annual reports. 

2 years
90% 11%

3 years

65% Registration

10%
1%

2 years
40% Phase III

35% 6%
1.5 years

65% Phase II

Phase I

60% 27%

1 year
70%

35%
25%

Preclinical Dev

30% 30%

Preclin Dev successful
- GO TO Phase II

Preclin Dev failed
- STOP

Phase I successful -
GO TO Phase II

Phase I failed -
STOP

Phase II successful
- GO TO Phase III

Phase II failed -
STOP

Phase III successful
- GO TO Registration -

Phase III failed
- STOP -

Approval

Rejection

Costs (US$ thsd.) Year
Preclinical Development -3,500

Phase I -2,800

Phase II -4,900

Phase III -21,000
CMC (NCE) -4,200

Registration -750  

-2,100 -3,200

1 2 3 4 5 6 7 8 9 10

-1,400

-4,900

-21,000 -21,000
-4,200 -4,200 -4,200 -4,200 -1,400

-750

  Figure 1  :        Project structure for blockbuster and specialty model. R & D milestones, timelines, R & D costs 
and probability of development success for the development of a new molecular entity are illustrated. 
The data represent activities to obtain fi rst approval. Indirect costs are included in activity-specifi c 
fi gures. The model assumes that timelines and probability of development success for fi rst approval are 
not signifi cantly different for blockbusters versus specialty products. R & D costs and sales differ for the 
scenarios investigated (see  Tables 2 and 3 ). Post approval expenses, for example, for Phase IV studies, 
are included in marketing and sales costs represented as percent of sales.  
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Cash fl ows are infl ated by 2 per cent per 
year. The tax rate is 40 per cent. Patent 
application was assumed to be in the year 

 The NPV model includes all project 
related cash fl ows from the start of preclinical 
development up to patent expiration. 

Scenario NPV

Cash Flows (Thousand EUR)

Preclinical Dev.
Phase I
Phase II
Phase III
CMC
Registration

1.431.401.371.351.321.291.271.240.02Inflation

Expected Project NPV = EUR           38 million

Sum = 

Year 2018 2019 2020 2021 2022 2023 2024 2025
Patent Expiry Terminal value

Period 11 12 13 14 15 16 17 18

Net Cash Flows 259,975 368,297 426,890 435,428 444,137 453,019 462,080 447,755
40% Tax -103,990 -147,319 -170,756 -174,171 -177,655 -181,208 -184,832 -179,102

After Tax Cash Flows 155,985 220,978 256,134 261,257 266,482 271,812 277,248 268,653
Discount factor 0.35 0.32 0.29 0.26 0.24 0.22 0.20 0.18
Discounted  C. 54,672 70,411 74,193 68,797 63,794 59,154 54,852 48,320 96,639

259,975 258,297 426,890 435,428 453,019 462,080 447,755444,137Inflated Net Cash Flows

COGS -31,680 -44,000 -50,000 -50,000 -50,000 -50,000 -50,000 -47,500
SG&A -76,032 -105,600 -120,000 -120,000 -120,000 -120,000 -120,000 -114,000

Sales 316,800 440,000 500,000 500,000 500,000 500,000 500,000 475,000
Net cash flows 209,088 290,400 330,000 330,000 330,000 330,000 330,000 313,500

Scenario Probability Scen. NPV Exp. Scen. NPV

2

3

4

5

6

1 Launch

STOP after Rejection

STOP after Failure of Phase III

STOP after Failure of Phase II

STOP after Failure of Phase I

11%

1%

6%

27%

25%

30%

515,427

-113,301

-64,827

-22,493

-12,572

-8,125

54,878

-1,340

-4,129

-6,141

-3,080

-2,438 STOP after Fail. of Preclin. Dev.

37,750

Patent
Application 

Launch
Period

Scenario NPV 515,427

Cash Flows (Thousand EUR)

Inflation 0.02 1.00 1.02 1.04 1.06 1.08 1.10 1.13 1.15 1.17 1.20 1.22
Inflated Net Cash Flows -9,282 -9,850 -24,731 -81,557 18,182 117,111-118,045-23,649-13,053-5,826-7,700

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

0 1 2 3 4 5 6 7 8 9 10
Net Cash Flows -7,700 -9,282 -5,826 -13,053 -9,850 -24,731 -23,649 -81,557 -118,045 -18,182 117,111

40% Tax 3,080 3,713 2,330 5,221 3,940 9,893 9,460 32,623 47,218 7,273 -46,844
After Tax Cash Flows -4,620 -5,569 -3,496 -7,832 -5,910 -14,839 -14,190 -48,934 -70,827 -10,909 70,267
Discount factor 1.00 0.91 0.83 0.75 0.68 0.62 0.56 0.51 0.47 0.42 0.39
Discounted  C. -4,620 -5,063 -2,889 -5,884 -4,037 -9,214 -8,010 -25,111 -33,041 -4,627 27,091

Preclinical Dev. -3,500 -2,100 -3,200
Phase I -2,800 -1,400
Phase II -4,900 -4,900
Phase III -21,000 -21,000 -21,000
CMC -4,200 -4,200 -4,200 -4,200 -4,200 -1,400
Registration -750 -750
COGS -9,504 -19,008
SG&A -50,000 -100,000 -100,000 -75,000

Sales 95,040 190,080

Net cash flows -7,700 -9,100 -5,600 -12,300 -9,100 -22,400 -21,000 -71,000 -100,750 -15,214 96,072

 Figure 2  :        Example of a cash fl ow profi le underlying the net present value calculation. The displayed 
cash fl ows represent Scenario 1 in  Table 2 . These cash fl ows refl ect the launch scenario with peak 
sales of EUR 500 million. The probability of launch is 11 per cent (see  Figure 1 ). For the net present 
value calculation, all cash fl ows are infl ated by 2 per cent, the tax rate is 40 per cent. The terminal 
value is calculated based on the period 19 net cash fl ow reduced by 80 per cent, assuming generic 
competition after patent expiry. The augmented (expected, risk-adjusted) net present value includes all 
failure scenarios and their respective values in a probability-weighted manner, according to the decision 
trees. For the failure scenarios, cash fl ows were included up to the respective milestone of termination.  
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1.5 years
90% Phase II
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1 year
90% Phase I
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Preclinical Dev
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Preclin Dev failed
- STOP

Phase I successful -
GO TO Phase II

Phase I failed -
STOP

Phase II successful
- GO TO Registration

Phase II failed -
STOP

Approval

Rejection

 

Costs (US$ thsd.) Year

Preclinical Development -2,800

Phase I -2,240

Phase II -3,920

CMC -3,360

Registration -750
 

1 2 3 4 5 6 7

-1,680 -2,240

-1,120

-3,920

-3,360 -3,360 -3,360 -3,360 -1,120

-750

 Figure 3  :        Project structure for reformulation (Phase III not required). R & D milestones, timelines, 
R & D costs and probability of development success are shown for a reformulation project. The model 
assumes a limited clinical development programme with a Phase I and an additional Phase II-like trial 
to establish the added benefi t of the new product. Time to market is only 7 years compared to 
10 years for new chemical entities / new biological entities, and the probability of development success 
is signifi cantly higher with 65 per cent compared to 11 per cent.  

2 years
95% 43%

3 years

80% Registration

5% 2%

2 years

70% Phase III

20% 11%

1.5 years

90% Phase II

30% 24%

1 year

90% Phase I

10% 9%

Preclinical Dev

10% 10%

Preclin Dev successful
- GO TO Phase I

Preclin Dev failed
- STOP

Phase I successful -
GO TO Phase II

Phase I failed -
STOP

Phase II successful
- GO TO Phase III -

Phase II failed -
STOP

Phase III successful
- GO TO Registration -

Phase III failed
- STOP -

Approval

Rejection

Costs (US$ thsd.) 

Preclinical Development -2,800

Phase I -2,240

Phase II -3,920

Phase III -16,800

CMC
Registration -750

 

Year 1 2 3 4 5 6 7 8 9 10

-1,680 -2,240

-1,120

-3,920

-16,800 -16,800

-3,360 -3,360 -3,360 -3,360 -3,360 -1,120

-750

 Figure 4  :        Project structure for reformulation (Phase III is required). The development of a 
reformulation may require a Phase III programme depending on the application and targeted label. 
In such a case, development time lines and costs approach ranges typical for new chemical entities. 
However, probability of development success will usually be higher based on the knowledge and 
experience accumulated with the original product. The case example assumes a probability of 
development success of 43 per cent compared to 11 per cent for a new chemical entities.   
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value for pharmaceutical and biotechnology 
companies.   

 RESULTS  

 Pharmaceutical companies 
 The high profi tability of the pharmaceutical 
industry was clearly correlated with 
blockbuster products that were able to 
overcompensate the failures of other projects. 
Our model clearly supports this view, 
showing a positive risk adjusted NPV of 
 $ 229 million for a project entering preclinical 
development with forecasted annual sales of 
 $ 2 billion, development cost of  $ 216 million 
and the standard assumptions for CoGs of 
10 per cent and M & S costs of 20 per cent 
of total sales (see  Table 2 , example 13). 
The risk-adjusted internal rate of return 

before start of preclinical development, 
leading to patent protected sales for about 
10 – 12 years. Peak sales are achieved in 
5 year on the market and maintained for 
5 years. A sales decline of 5 per cent per 
year thereafter was assumed because of 
emerging new treatment options. Our models 
do not take into account licensing deals 
that may be closed at certain stages of 
development. It is assumed that the value 
of the deal would correlate with the value 
of the project at the respective development 
stage, following commonly observed 
rules of value split between licensors and 
licensees. 

 The infl uence of the different input 
parameters was investigated to understand 
the value drivers and to address the overall 
question which projects create suffi cient 

  Table 1 :      Overview of input parameters for the three business models; costs are only referring to the 
development of one project and do not include the costs of failures to achieve one launched product 

    
  Development 
time (years)  

  R & D cost 
(US $ million)  

  PoR (%)    Peak sales 
(US $ million)  

  CoGs (% of sales)
  

  SG & A (% of 
overall sales)  

   Blockbuster  10  108 – 1260  11  1000 – 2000  10 – 30  20 – 30 
   Specialty product  10  108  11  140 – 500  10 – 30  20 – 30 
   Reformulation  7 – 10  36 – 108  43 – 62  55 – 500  10 – 30  30 

     Assumptions for reformulation products are based on  22  .   

   Table 2 :      Scenario analysis for projects undertaken in pharmaceutical companies 

    Big pharma  

    Scenario    Development 
time (years)

  

  Development 
cost (US $ million)

  

  PoR 
(%)  

  Peak 
sales 

(US $ million)  

  Discount 
rate  

  CoGs 
(% of 
sales)  

  SG & A as % 
of overall 

sales  

  Risk-adj. NPV 
(US $ million)

  

  Non Risk-adj. 
NPV 

(US $ million)  

  RA IRR 
(%)  

      1  10  108  11  500  10  10  30  38  520  18 
      2  10  108  11  250  10  10  30  9  236  13 
      3  10  108  11  100  10  10  30      −    9  65  8 
      4  10  108  11  100  10  10  20      −    7  85  7 
      5  10  108  11  175  10  10  30  0  149  10 
      6  10  108  11  500  10  15  30  33  471  17 
      7  10  108  11  500  10  30  30  17  323  14 
      8  10  216  11  500  10  10  30  19  474  13 
      9  10  108  11  1000  10  10  30  96  1079  24 
   10  10  108  11  1000  10  10  20  117  1277  26 
   11  10  425  11  1000  10  10  30  38  950  13 
   12  10  625  11  1000  10  10  30  0  855  10 
   13  10  216  11  2000  10  10  20  229  2500  26 
   14  10  1260  11  2000  10  10  20  38  2083  11 
   15  10  108  24  500  10  10  30  109  520  24 

     The analysis represents NMEs at entry into preclinical development. A discount rate of 10 per cent is applied.   
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(IRR) for such a project is 26 per cent, 
further underlining its attractiveness. 

 The lack of suffi cient projects of this 
kind forces the industry to look for 
alternatives. Almost all pharmaceutical 
companies decided to engage in specialty 
markets, and many moved into oncology. 
For this study three projects were considered 
where peak sales ranged between  $ 100 and 
1000 million. With the input parameters 
described above, our model shows that 
projects with a sales potential of  $ 500 million 
or higher are very attractive targets, 
provided that they could be developed in 
the average time frame and with the 
average development cost (examples 1, 6 
and 9). Risk adjusted NPVs range from 
 $ 33 to 96 million. 

 A sensitivity analysis regarding the infl uence 
of higher CoGs and higher development 
costs revealed that both factors have the 
expected modest infl uence. Doubling the 
development cost to  $ 216 million reduces 
the risk adjusted NPV from  $ 38 to 19 million 
(example 1 and 8). For projects with 
peak sales of  $ 1000 million, the overall 
development cost could go up to  $ 625 
million in order to reduce the risk adjusted 
NPV to zero (example 12). Similarly, 
a 50 per cent increase of the CoGs from 
10 to 15 per cent has only a marginal effect 
on the attractiveness of a project leading 
to a reduction of the risk adjusted NPV 
from  $ 38 to 33 million (example 6). 
The risk adjusted NPV still remains positive 
( $ 17 million) when CoGs are tripled from 
10 per cent to 30 per cent (example 7). 

 The analysis of the infl uence of the peak 
sales potential showed a somewhat different 
picture. For projects with a peak sales 
potential of  $ 250 million the risk adjusted 
NPV falls from  $ 38 to 9 million and for 
projects with a peak sales potential of just 
 $ 100 million the risk adjusted NPV turns 
negative to  $     −    9 million (examples 1,2 
and 3). A reduction of the M & S expenditures 
from 30 per cent to 20 per cent only 
improves the NPV marginally (example 4). 

 In summary, our modelling supports the 
attractiveness of the blockbuster and specialty 
models most pharmaceutical companies 
adopt these days. 

 The risk-adjusted IRR for most of the 
projects with peak sales up to  $ 500 million 
is in the range of 10 – 20 per cent. Rates 
above 20 per cent can only be reached 
with projects having peak sales of  $ 1000 
or higher, emphasising the importance of 
blockbuster products for the overall 
profi tability of the industry. To provide 
shareholders with a minimum annual return 
of 10 per cent, projects undertaken in 
the pharmaceutical industry require a peak 
sales potential of at least  $ 175 million 
(it should be noted, however, that 
pharmaceutical companies sometimes use 
higher hurdle rates for internal decision 
purposes than the true cost of capital, in 
order to focus the R & D organisation on 
more ambitious corporate goals).   

 Biotechnology companies 
 As mentioned above, we assumed equal 
effectiveness and effi ciency for biotechnology 
and pharmaceutical companies in our model. 
Arguments can be given for changing these 
assumptions in both directions, for example, 
smaller companies with a smaller overhead 
should have lower development cost or 
larger companies could be faster in recruiting 
for pivotal trials. However, the goal of the 
present paper is not to investigate the impact 
of effectiveness and effi ciency on value. 
Therefore, these variables are assumed to 
be similar for both, big pharma and 
biotechnology. 

 There is, however, one highly signifi cant 
difference between pharmaceutical and 
biotechnology companies: the cost of capital. 
Whereas for established pharmaceutical 
companies in the Western world a discount 
rate of 8 – 10 per cent is commonly applied 
(we use 10 per cent for our modelling), 
the return expectations of venture capitalists 
and other investors in the biotechnology 
industry are signifi cantly higher given the 



How can pharmaceutical and biotechnology companies maintain a high profi tability?

© 2009 Palgrave Macmillan 1462-8732 Journal of  Commercial  Biotechnology Vol. 15, 4, 309–323 319

with an IRR of 13 per cent and to 
 $ 150 million (NPV:  $     −    13 million) with 
an IRR of just 9 per cent (examples 
3 and 5). Again, lowering the marketing and 
sales expenses from 30 to 20 per cent doesn ’ t 
have a signifi cant infl uence on the NPVs 
(examples 2 and 4). Reducing development 
costs by 50 per cent to  $ 54 million leads 
to a positive NPV for a  $ 500 million 
peak sales level but is still negative for the 
 $ 150 million level (examples 6 and 7). 

 This result has potentially far reaching 
consequences for the question which projects 
and which companies will likely be funded 
by venture capitalists. If the well accepted 
specialty model applied to biotechnology 
companies does not provide investors with 
the expected returns the question arises with 
which projects or business models would be 
able to deliver it. Two different options were 
considered in this context: fi rst, an increase 
in peak sales going from a specialty product 
towards a blockbuster drug or, second, a 
strategy that is based on minimising 
overall development risk. For the second 
case reformulation approaches were 
considered. 

 By increasing the peak sales potential from 
 $ 500 million to 1000 and 2000 million 
the risk adjusted NPV increases from  $     −    3 
to     +    11 and     +    32 million, respectively 
(examples 1, 9 and 10), meaning that the 
required return could be delivered. An IRR 
of 20 per cent would only be accomplished 
with a peak sales level of  $ 500 million 
if M & S expenses were 20 per cent (instead 
of 30 per cent, example 2). The overall 
conclusion is that the expected return 
for biotechnology investments can be 
accomplished if the project has blockbuster 
potential ( ‘ breakthrough innovation ’ ). 

 Finally, we investigated risk-mitigating 
strategies that some companies apply 
successfully, such as reformulation strategies 
( ‘ incremental innovation ’ , see  Table 4 ). For 
such projects the overall PoS was increased 
from 11 per cent to 43 per cent or 62 
per cent, assuming that risk is signifi cantly 

higher risk of such investments. There are 
no generally accepted numbers available. 
Although the cost of capital may differ among 
biotechnology companies, we chose 20 
per cent in this study, which is a reasonable 
portfolio return for most venture capital 
companies. Start-up companies often choose 
the same drug development targets as 
pharmaceutical companies. We therefore 
kept all parameters constant for the NPV 
model with the exception of the discount 
rate that was changed from 10 to 20 per cent 
(see  Figure 5 ). 

 Even for projects that have a peak sales 
potential of  $ 500 million the risk adjusted 
NPV is negative ( $     −    3 million,  Table 3 , 
example 1), meaning that with such projects 
biotechnology companies and their investors 
cannot expect to realise the return they are 
looking for. The actual risk adjusted IRR is 
18 per cent. Expectedly, the results are even 
more bleak when the peak sales potential is 
reduced to  $ 250 million (NPV:  $     −    10 million) 

Risk-adjusted NPV vs. discount rate and sales
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  Figure 5  :        Sensitivity analysis with respect to 
discount rate and peak sales, using base case 
assumptions for development risk, cost and time 
lines. New molecular entity entering development 
for which peak sales of EUR 500 million are 
forecasted, have a negative risk-adjusted net 
present value at a discount rate of 20 per cent, 
whereas the net present value is clearly positive 
at a discount rate of 10 per cent. In view of 
their return expectations, biotechnology investors 
prefer projects that have blockbuster potential 
(for example, based on  ‘ breakthrough innovation ’ ) 
or a lower risk of failing in development 
( ‘ incremental innovation ’ , for example, new 
drug delivery technologies).  
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reduced based on the experience with the 
original product (see assumptions in  Figures 2 
and 3 ). Development costs were reduced 
from  $ 108 to 36 million for cases in which 
clinical proof of effi cacy and safety is not 
needed (for example, 505 B2 regulatory route 
in the United States) or to  $ 86 million 
for projects where safety and effi cacy data are 
required, respectively. Examples for the latter 
are transdermal delivery approaches in the 
female health and pain area. 

 The results explain why this business 
model is so popular among investors these 
days. For the investigated cases that do not 
require a Phase III study and that, therefore, 
have lower overall development cost and 
shorter development times, the risk adjusted 
NPVs were solid positive at peak sales 
between  $ 100 and 500 million (at CoGs 
of 10 per cent, NPV:  $ 11 – 110 million); 
IRRs were between 25 and 42 per cent 
( Table 4 , examples 1, 2 and 3). Even at peak 

   Table 4 :      The analysis represents reformulation projects 

    Reformulation  

     Scenario 

  

  Development 
time 

(years)  

  Development 
cost 

(US $ million)  

  PoR 
(%)  

  Peak 
Sales 

(US $ million)  

  Discount 
rate  

  CoGs 
(% of 
sales)  

  SG & A as % 
of overall 

sales  

  Risk-adj. 
NPV 

(US $ million)  

 Non Risk-adj. 
NPV 

(US $ million) 

  RA IRR 
(%)  

      1  7  36  62  500  20  10  30  110  187  42 
      2  7  36  62  250  20  10  30  48  86  35 
      3  7  36  62  100  20  10  30  11  25  25 
      4  7  36  62  100  20  30  30  1  9  21 
      5  7  36  62  55  20  10  30  0  7  20 
      6  7  36  62  55  10  10  30  32  59  20 
      7  10  86  43  500  20  10  30  37  111  30 
      8  10  86  43  250  20  10  30  8  42  23 
      9  10  86  43  250  20  30  30      −    3  15  19 
   10  10  86  43  100  20  10  30      −    9  0  15 
   11  10  86  43  180  20  10  30  0  23  20 
   12  10  108  43  500  20  10  30  31  104  28 

     The profi le of existing drugs is improved through reformulations or alternative drug delivery routes. This may result in improved 
convenience, safety or effi cacy, and may lead to attractive sales at a lower development risk and cost. The returns provided to 
investors can be substantial.   

  Table 3 :      Scenario analysis for projects undertaken in biotechnology companies 

    Biotech  

     Scenario 

  

  Development 
time 

(years)  

  Development 
cost 

(US $ million)  

  PoR 
(%)  

  Peak 
Sales 

(US $ million)  

  Discount 
rate  

  CoGs (% 
of sales)

  

  SG & A as % 
of overall 

sales  

  Risk-adj. NPV 
(US $ million)

  

  Non Risk-adj. 
NPV 

(US $ million)  

  RA IRR 
(%)  

      1  10  108  11  500  20  10  30      −    3  105  18 
      2  10  108  11  500  20  10  20  0  131  20 
      3  10  108  11  250  20  10  30      −    10  35  13 
      4  10  108  11  250  20  10  20      −    8  48  14 
      5  10  108  11  150  20  10  30      −    13  7  9 
      6  10  54  11  150  20  10  30      −    4  24  14 
      7  10  54  11  500  20  10  30  6  122  24 
      8  10  108  11  700  20  10  30  3  159  21 
      9  10  108  11  1000  20  10  30  11  244  24 
   10  10  216  11  2000  20  10  20  32  576  26 
   11  10  108  11  700  20  30  30      −    5  84  17 
   12  10  108  11  1000  20  30  30  0  142  20 
   13  10  216  11  2000  20  30  20  9  364  22 

     The analysis represents NMEs at entry into preclinical development. A discount rate of 20 per cent is applied.   
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complementing highly innovative and 
therefore risky projects with low risk 
alternatives because such projects may offer 
a very attractive return on investment and 
help to create a risk-balanced portfolio. 

 Start-up biotechnology companies can only 
comply with the high fi nancial expectations 
of their investors by either concentrating on 
projects that have a high peak sales potential 
(blockbuster) or by focussing on alternative 
approaches and business models that have a 
signifi cantly higher overall probability of 
success. Our study therefore explains the 
current trend in the venture capital 
community to prefer high value and low 
risk opportunities when making funding 
decisions. It also highlights the importance 
of early market research to identify a project ’ s 
sales potential even if the drug is still in 
preclinical development. 

 Investigating the sales potential early may 
be particularly useful to substantiate the 
valuation if the project is to be out-licensed. 
In fact, young biotechnology companies rarely 
develop their fi rst clinical candidates towards 
approval. In many cases they look for a 
partner after clinical proof-of-concept or 
earlier in order to obtain cash for building 
a sustainable portfolio. Shortage of cash and 
lack of late stage development and marketing 
expertise are the predominant reasons for 
out-licensing. The value of licensing deals 
is driven by a drug ’ s risk-adjusted NPV 
at the time of deal closure. If the respective 
licensor ’ s and licensee ’ s cash fl ows resulting 
from published deals are analysed and risk-
adjusted, it can be concluded that a project ’ s 
value is commonly split at a ratio of around 
50 per cent:50 per cent between licensor 
and licensee for projects in Phases II and III.  32   
There may, however, be variations depending 
on market demand for licensing opportunities, 
and on preferences for particular therapeutic 
categories. Assuming that companies build 
their deal negotiations on the value 
proposition of the underlying asset, the 
conclusions drawn from this investigation 
also apply to licensed products. 

sales as low as  $ 55 million a 20 per cent 
IRR could be accomplished. If a 10 per cent 
discount rate were applied the risk adjusted 
NPV would increase to  $ 32 million 
(example 6), making such projects extremely 
interesting also for established specialty 
companies. For products with CoGs at 
30 per cent, however, risk adjusted NPVs 
would approach zero, IRR would be 
21 per cent, already at peak sales of 
 $ 100 million (example 4). 

 Some reformulations require a Phase III 
programme. The most signifi cant difference 
to new molecular entities (NMEs) is the 
higher overall probability of success, whereas 
development time and development cost are 
close to those of NMEs. Again, the signifi cant 
infl uence of peak sales on the fi nancial 
attractiveness of the projects can be seen. 
At  $ 500 million peak sales, the projects 
are highly attractive with a risk adjusted 
NPV of  $ 37 million (example 7). The 
threshold of a 20 per cent risk adjusted IRR 
is reached at peak sales of  $ 180 million 
(example 11). At CoGs of 30 per cent, peak 
sales of  $ 250 million are to be trespassed 
to achieve positive risk adjusted NPVs and an 
IRR of more than 19 per cent (example 9).    

 SUMMARY AND 
CONCLUSIONS 
 Our investigation reveals that for established 
pharmaceutical companies the most important 
parameter for the decision whether to move 
a research project into development is the 
expected peak sales potential, provided that 
it does not differ signifi cantly from average 
projects regarding time, cost and overall 
probability of success. Under such 
circumstances projects with a peak sales 
potential around and above  $ 500 million 
are clearly attractive. Projects with peak sales 
around  $ 250 million could still deliver 
a return above 10 per cent but projects 
with lower peak sales potential should be 
questioned. Established pharmaceutical 
companies should also consider 
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 One may ask how some companies 
managed to generate satisfactory returns based 
on niche products. Niche products were not 
included in our evaluation. The development 
strategy and history of such drugs varies and 
has to be evaluated individually. Special rules 
apply if, for example, they have been granted 
orphan drug status, which may result in lower 
development cost, shorter time to market and 
market exclusivity. In many cases there is a 
scientifi c rationale for developing the drug in 
additional, potentially less  ‘ niche ’ , indications, 
which drives their valuation upwards. 

 Niche products are usually commercialised 
after having completed major development 
milestones. At that stage, time to market is 
short, risk is low and the risk-adjusted NPV 
is clearly positive. However, the decision to 
invest in a project is made at an early 
development stage when the outcome is still 
highly uncertain, that is, the decision is not 
made on basis of a success scenario. Our 
analysis compares funding decisions for 
projects entering preclinical development. 
At that stage, NPVs are signifi cantly impacted 
by development risk, and many niche projects 
will be rejected. If it were possible to relate 
the number of cases with positive outcomes 
to the number of companies that failed 
while developing true niche products, one 
would probably conclude that rejecting 
such projects would have been a rational 
decision. Common reasons for failure are: 
(a) the company did not succeed in 
securing continued venture capital fi nancing, 
(b) clinical trials failed and could not be 
compensated by addressing other therapeutic 
indications for the development candidate, 
driving the company back to preclinical stage, 
or (c) an exit was achieved, but with 
economic terms that did not create value 
for investors. As there appears to be no 
systematic analysis of the economic success 
rates of biotechnology companies pursuing 
niche indications, there is a danger to 
fall for a perception bias driven by the 
publicity of the successful examples. 
In any case, the present analysis suggests 

conducting careful fi nancial evaluations 
that take into account potential failure 
scenarios, in order to enable informed 
decisions.                
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