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INtROduCtION

With its roots in the 19th century, what is 
known today as the modern biopharmaceuti-
cal industry has only within the last 40 years 

encountered a significant disruption to its historically 
prevalent business model. The revolution in biotech-
nologies responsible for this disruption has affected 
not only biopharmaceutical companies themselves but 

Article

Business Model Innovation 
Opportunities for the 
Biopharmaceutical Industry: A 
Systematic Review
James b. downs
is a PhD candidate at the HHL Leipzig Graduate School of Management in Leipzig, Germany. He has over 15 years of experience in 
various management positions in the biopharmaceutical industry including Pfizer Inc. in the USA and multiple biotech startups in 
Germany. His research focus is on management and business model innovation in the biopharmaceutical industry.
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is the Schumpeter Junior Professor for Entrepreneurship and Technology Transfer at the HHL Leipzig Graduate School of 
Management, Germany. He holds a doctoral degree from Friedrich-Alexander University of Erlangen-Nuremberg, Germany. His 
current research focuses on business models, open innovation, and servitization strategies. 

abStraCt
research on business model innovation for the biopharmaceutical industry continues to be an area of high 
global interest due to the combination of industry innovation challenges and global macroeconomic pressures. 
Through the use of a systematic literature review, this research explores academic literature published from 1976 
to 2013 that has addressed business model relevant factors and dynamics in the biopharmaceutical industry. 
305 relevant publications were identified, analyzed, and inductively categorized based on the similarity of their 
conversations into twelve categories. The authors find that opportunities for business model innovation in the 
biopharmaceutical industry lie in five key areas: External Orientation, Learning Capabilities, Cluster Participation, 
Qualified Business Management Team and Organization Controls. This research provides not only insight into 
opportunities for business model innovation specific to this industry but also can be used independently as a 
valuable reference tool for similar research.

Journal of Commercial Biotechnology (2016) 22(3), 3–47. doi: 10.5912/jcb735
Keywords: Pharmaceutical, Biotechnology, Biopharmaceutical, Business Model, Innovation, Management.

importantly, also the entire ecosystem of supporting 
stakeholders.

From the late 1970’s, there has been a literal explo-
sion of new biotechnology development and commer-
cialization by thousands of researchers and companies 
across the world. Though the potential that biotech-
nology showed as a potential source for new therapies 
was exciting in its own right, it was the 1976 founding 
of Genentech as the world’s first dedicated biotechnol-
ogy company1 and its collaborative 1982, development 
and market launch of its rDNA based synthetic human 
insulin with Eli Lilly & Co.2 that showed would-be new 
biotech entrants and venture investors that intellectual 
property (IP) could be packaged and sold independently 
of having a final product. This key event thus ignited 
an explosion of thousands of new biotechnology firms3 

Correspondence:  
James B. Downs, HHL Leipzig Graduate School of 
Management, Germany. Email: james.downs@hhl.de 
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which have in turn driven hundreds of new biotechnol-
ogy derived therapies to market approval.4 Prior to 1976, 
one would need to go back 32 years, all the way to the 
1944 founding of Syntex, to find the previous instance 
where a new successful research-based pharmaceutical 
company was founded.3

The challenge this presented to the industry 
was that because this biotechnology knowledge base 
is both complex and expanding and its sources of 
expertise are widely dispersed, the locus of innova-
tion is found in networks of learning, rather than in 
individual firms.5 Therefore, being adept at operat-
ing in a world of external collaboration is critical. 
However,the full vertically integrated business model 
(FIPCO) that had dominated the biochemistry based 
pharmaceutical industry for over 100 years, tends to 
be internally focused and thus limited in its ability to 
maintain by itself a needed level of expertise in this 
new, increasingly diverse and globally dispersed fam-
ily of technologies.

Therefore, with Eli Lilly generally leading the way, 
despite the limitations of their vertically integarted 
structures, pharmaceutical firms soon started seeking 
opportunities and innovation externally by collabo-
rating with these new diverse sources of technological 
expertise. In doing so, the industry started to fragment 
from the traditional silos of internal expertise and in 
doing the distinction between what is a pharmaceuti-
cal firm and what is a biotechnology firm took its first 
steps down a path to becoming less obvious. Indeed, it 
is now quite common for pharmaceutical companies to 
use biotechnologies to either support their own phar-
maceutical R&D efforts6 or even market and distribute 
a pure biotechnology directly, like Pfizer Inc.’s 2002 
agreement with Serono SA to market and co-promote 
Rebif (interferon beta-1a), a treatment for multiple 
sclerosis.7,i

Unfortunately, despite biotechnology’s early prom-
ise for more efficient research, productivity and cost 
remain significant concerns for this $1.2 trillion global 
industry.8,9 Indeed, the rate of output productivity for 
research and development (R&D) is actually decreas-
ing relative to the increase of the productivity of its 
technological inputs. Like the historical development 

i Indeed, because of this muddling of technological focus 
and the consequent plausibility that both industries 
will eventually become indistinguishably integrated, 
for this research they are primarily treated as the same 
industry. As such, the terms biopharmaceutical industry 
or biopharmaceutical will be used to encompass both 
the traditional pharmaceutical industry and the medical 
biotechnology industry. Where it is relevant for clarity to 
separate them, this will be done.

of computer microprocessors, biotechnologies associ-
ated with R&D inputs have also been following Moore’s 
Law, a term for the exponential improvements over 
time in technological fields.10 For example, since the 
early 1980’s DNA sequencing has become over two bil-
lion times less expensive to perform, it takes 100,000 
less man hours to calculate 3D protein structures via 
x-ray crystallography than it did 50 years ago and high 
throughput screening has reduced the cost of testing 
drug-like molecules against protein targets by around 
10 times per decade.11

However, in contrast to these technological 
inputs, the therapeutic outputs of this industry follow 
what Scannell et al.11 paradoxically coin as Eroom’s 
Law (Moore’s Law spelled backward). They point out 
how the inf lation-adjusted R&D spend per molecule 
brought to market over the last 60 years has risen by 
over 100 times. Despite the billions of dollars that the 
industry collectively spends on R&D annually, the rate 
of output of new therapies is declining versus histori-
cal productivity levels. Indeed, the year 2010 saw the 
lowest number of New Molecular Entities (NME)ii 
applications by major pharmaceutical companies in 
the previous ten years. Moreover, the number of drugs 
entering Phase I and Phase II clinical trials fell 47% 
and 53% in 2010 over 2009. For Phase III trials the 
number is 55%.12 Clearly, this lower R&D productiv-
ity stresses any company’s financial health, especially 
those whose existing product sales are under threat 
from patent expiration and the resulting generic 
competition.

In part due to these issues, with an average R&D 
spend of 14%-15% of total revenue, it remains one of 
the most research intensive and costly industries in the 
world.13 To the point of marketing approval, a typical 
candidate therapy costs between USD $559 and USD 
$672 million (2005 dollars) out-of-pocket over an aver-
age period of 8 years.iii,14

Unfortunately, the ability for companies to cover 
these costs will become more challenging due to chang-
ing global demographics and market conditions which 
will force global governments and private third party 
insurance payers to place increasing pressures on this 
industry’s margins. Key among these will be the large 

ii NME – New Molecular Entity applications, a common 
industry indicator of R&D innovation.

iii Importantly, these calculations do not include full R&D 
costs. To do so, one would also need to account for the cost 
of capital over this lengthy period of time, the expected 
return that the company or its investors forego vs. an 
equally risky investment. Applying these considerations, 
the average cost per candidate therapy increases to $1.3 
billion.14
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bubble of the population that is currently entering 
the elderly demographic in key western markets. In 
the USA, for example, the first members of this “Baby 
Boom” generation started turning 65 in 2011. By 2029, 
when all of the baby boomers will be 65 years and over, 
more than 20 percent of the total U.S. population will be 
over the age of 65.15 Since today this population makes 
up only 14.5% of the population16 and due to the fact that 
this segment are overwhelmingly the predominant con-
sumers of health care resources, currently at 34%17 not 
difficult to see that this resulting progressive increase in 
healthcare utilization will force global government and 
third-party health care payers to continue to increase 
their pressure on the biopharmaceutical industry for 
products with greater marginal innovativeness and at 
lower prices.

As a result, there certainly exists a need for busi-
ness models that provide more efficient and less costly 
ways of researching, developing and bringing life chang-
ing medical therapies to market in a commercially suc-
cessful and sustainable way. Unfortunately, explicit 
research in this area is lacking. Though business mod-
els have implicitly been an important part of economic 
behavior and understanding for hundreds of years, it has 
been only recently that they have been an explicit focus 
of academic research. Indeed, Teece18 and Osterwalder 
& Pigneur19 cite the first appearance of the term “busi-
ness model” in an academic journal to be 195720 and 
in the title of a paper to be 1960.21 However it was not 
until the mid 1990s with the advent of the Internet and 
information technologies (IT) that the explicit concept 
of the business model became prevalent in academic and 
industry journals, where it has since exploded as a focus 
for researchers.22 This story is similar for the biopharma-
ceutical industry.

Thus, there is an acute need to identify and assess 
key business model dynamics that can be helpful. 
Toward addressing this need, the focus of this research is 
to explore the universe of literature published since 1976 
that has addressed business model relevant factors and 
dynamics in the biopharmaceutical industry and induc-
tively mine this literature for insights into the opportu-
nities for business model innovation. More specifically, 
using the method of a systematic literature review, the 
objectives of this research paper are:

•	 to deliver a state of the art report on 
business model relevant research 
conducted specifically for the 
biopharmaceutical industry.

•	 to suggest a categorization and linked-
based mapping of the identified 
literature by analyzing their respective 
“conversations” (core findings).

•	 to identify the evolution of this research, 
current research gaps and directions for 
potential future research.

The remainder of this article is structured as follows. A 
section on research method will provide a rationale for 
the use of a systematic literature review in this research 
and subsequently describe the detailed protocol fol-
lowed. This will be followed by results and categoriza-
tion which will provide the key results of the review 
including a detailed categorization and narrative of the 
captured literature. The findings are then discussed in 
light of the categorizations. Finally, the implications of 
our findings for researchers and practitioners are high-
lighted alongside opportunities for further research in 
the conclusion.

RESEARCH MEtHOd

Prior to starting this research, a review protocol for a 
systematic literature review was developed. This protocol 
established the research parameters including explicit 
descriptions and the order of the steps to be followed. 
The first step explicitly established the key question for 
the focus of this research: “How, through the use of busi-
ness model innovation, can the biopharmaceutical indus-
try continue to drive product innovation while at the same 
time reduce the time and costs that it takes to get a drug 
to market?”

Following this, a specific year range was defined in 
order to limit the universe of publications to those years 
most meaningful to answering the key question. In this 
regard, 1976 was used as the start of the year range since 
it is the founding year of Genentech, the first fully dedi-
cated biotechnology company.1 Prior to this date, busi-
ness models in this industry were relatively stable in that 
they overwhelmingly followed a fully integrated model 
(FIPCO).23 The year 2013 was used as the end of the year 
range as this was the current year at the time of the start 
of this research.

After establishing the year range, the third step 
defined the publication universe that would be included. 
These publications were limited to those international 
peer-reviewed academic publications, and leading 
practitioner oriented journals that are included in the 
Thomson Reuters maintained Web of Science database. 
Since the Web of Science is both comprehensive and 
employs a strict inclusion evaluation processes, it was 
used as a general proxy for research quality.24 Once these 
framing parameters were defined, a specific two level 
search strategy, first and second level search, was devel-
oped to ensure a systematic and comprehensive capture 
of all relevant publications.
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The first level phase of this strategy started with 
identifying the population of literature that address 
business model relevant factors and dynamics within 
the context the medical biopharmaceutical industry. 
Key issues of definition were first solved since there 
still remains no clear consensus among researchers 
and practitioners for the definition of a business model22 
and the definition of a business model in many ways 
depends on the perspective of an author or how they 
are using the term.25 Therefore, a decision was made to 
encompass all factors along the complete spectrum of 
the biopharmaceutical value chain that would encom-
pass or be largely associated with the commercial 
translation of research. This would not be inconsistent 
with the business model definition used by Al-debei, 
El-Haddadeh, & Avison: “The business model is an 
abstract representation of an organization, be it concep-
tual, textual, and/or graphical, of all core interrelated 
architectural, co-operational, and financial arrange-
ments designed and developed by an organization pres-
ently and in the future, as well as all core products and/
or services the organization offers, or will offer, based on 
these arrangements that are needed to achieve its strate-
gic goals and objectives.”26

Based on this, a list of search terms was developed 
which were felt to cumulatively provide a sufficiently 
comprehensive level of inclusion criteria to capture the 
relevant universe of publications needed. Moreover, 
a similar definition challenge existed with the terms 
“pharmaceutical industry”, “biotechnology indus-
try” and “biopharmaceutical industry” and what they 
respectively encompass. Here it was determined to nar-
row the use of terminology to just biotechnology. Due to 
the significantly increasing co-dependence of research 
and commercial activities between the two areas, a 
sharp and clear distinction between them is now less 
meaningful for the purposes of business model innova-
tion. As such, it was determined that a focus on the term 
biotechnology will capture enough of pharmaceutical 
business model dynamics to be sufficient for the pur-
poses of this paper.

As shown in Table 1 below, all terms were then for-
matted into 18 separate “search strings” and entered 
into the EBSCO Business Source Complete publication 
database search engine and results captured. The EBSCO 
database was chosen due to it being among the largest 
and most comprehensive databases for business ori-
ented scholarly full-text journals versus other popular 
databases.27,28

For these search results, clear pre-established crite-
ria for study inclusion and exclusion were applied so as 
to exclude marginally relevant articles. Inclusion criteria 
were customized from Zott, et al.29 and include:

•	 An article must deal with the concept of 
business model or its relevant building 
block dynamics in a non-trivial and non-
marginal way.

•	 An article must deal with the concept of 
business model as a construct centered on 
business firms or on a dynamic directly 
related to the business firm’s ability to 
commercialize its technology or service.

Exclusion criteria were also adopted and included pub-
lished booksiv, government and NGO reports, editorials 
and book reviews, conference proceedings and any pub-
lication that is not in English. As shown in Table 1, after 
inclusion and exclusion criteria were applied to the 1,401 
publications identified in the first level phase, 163 studies 
remained for inclusion and review.

Using a combination of Mendeley Desktop Version 
1.14.1- dev7 for Mac, Atlas.ti 7.1.7 for Windows 7, and 
Microsoft Excel for Mac Version 15.17, these 163 pub-
lications were then read through completely. During 
this process, in addition to capturing a panel of bib-
liographic data and key sensemaking notes, each 
publication was distilled down to its respective “con-
versation”30, or core message and used as a basis for cat-
egorizing into like and meaningful similarities. Though 
the use of “conversation” as a tool for categorizing is 
limited due to issues of subjective interpretation, for the 
purpose of this review it proved to be sufficiently robust 
to be successful.

Following the completion of this first level review, 
a second level review was undertaken to mitigate any 
limitations that the subjectively chosen 18 EBSCO 
search strings might incur on the comprehensive-
ness of the first level search. This also mitigated any 
unforeseen limitations of the EBSCO database itself. 
This second level review was completed by performing 
a “downstream” literature review of the bibliographies 
of each of the 163 captured first level search publica-
tions using the same inclusion and exclusion criteria. 
This surprisingly resulted in the inclusion of an addi-
tional 141 publications which, after being reviewed, 
analyzed and categorized, were added to the first level 
results. After including these 141 to the 1st level search 
of 163 and including one stochastically discovered 

iv Published academic focused books are often much 
more comprehensive than a single academic study thus 
complicating the ability to capture a single conversation. 
However, as many books are built on previously published 
research papers that were foreseen to be captured within 
the scope of this paper, it was anticipated that this 
exclusion decision to be of minimal consequence. This 
proved to be true.
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publication from some informal exploratory reading, 
the combined number of publications included and 
categorized for this systematic literature review was 
305.

RESuLtS ANd CAtEgORIzAtION

Among these 305 publications, 1986 is the first year 
that research is identified. These first four papers 
were focused on a combination of university-industry 

relations and technology transfer31–34. These would 
have been highly relevant issues at that time due to 
the recent passing of the Bayh-Dole Act (1980), a 
key US legislation freeing the way for commercial-
ization for federally funded basic research.

From this time forward, as Chart 1 shows, the 
activity in academic research of business model 
related dynamics in this industry increases with a clear 
explosion in publication activity starting from 1996. 
From this point, the leading research activity was 
focused on the dynamics of alliances, collaboration 

table 1: First level search string protocols and search results

Nr. ebSCo Search Phrase
total 

publications
Shortlisted 

publications

1 “business model*” AND biotech* 185 43

2 “biotech*” AND “revenue model*” 0 0

3 “biotech*” AND “Innovation*” 749 77

4 “biotech*” AND “Activity System*” 0 0

5 “biotech*” AND “business Process*” NoT “except biotechnology” 6 1

6 “biotech*” AND “Platform*” NoT “except biotechnology” 160 3

7 “biotech*” AND “business framework*” NoT “except biotechnology” 0 0

8 “biotech*” AND “business structure*” NoT “except biotechnology” 1 0

9 “biotech*” AND “Infrastructure*” NoT “except biotechnology” 81 5

10 “biotech*” AND “Institutional framework*” NoT “except biotechnology” 13 4

11 biotech* AND Hybrid* NoT “except biotechnology” NoT agricultural 44 3

12 biotech* AND “Value generation*” NoT “except biotechnology (in author 
keywords) “ NoT agricultur*

0 0

13 biotech* AND “Value creation*” NoT “except biotechnology (in author 
keywords) “ NoT agricultur*

9 2

14 biotech* AND “Collaboration*” NoT “except biotechnology (in author keywords) 
“ NoT agricultur*

109 18

15 biotech* AND “Interfirm Cooperation*” NoT “except biotechnology (in author 
keywords) “ NoT agricultur*

5 1

16 biotech* AND networking NoT “except biotechnology (in author keywords) “ 
NoT agricultur*

24 4

17 biotech* AND “relationship management” NoT “except biotechnology (in 
author keywords) “ NoT agricultur*

0 0

18 biotech* AND “value chain” NoT “except biotechnology (in author keywords) “ 
NoT agricultur*

15 2

Total 1,401 163
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and cooperation as well as what the landscape of the 
biopharmaceutical industry looked like.

In the years, 2002-2007, though Alliances/
Collaboration/Cooperation and Landscape of 
Biopharmaceuticals continue as heavily researched 
categories, two other categories, Factors Impacting 
Organization Performance and Technical Innovation 
Drivers increase significantly.

Of further interest is the year 2000 when the term 
“business model” started to appear explicitly in the 
titles.35–37 In addition, of the 305 included publications, 
only 13 are directly focused on some type of specific 
business model related suggestion. Lastly, Tables 2 and 3 

show respectively the ten journals with the most publica-
tions and the ten most prolific authors identified in this 
research. In effect, this is where the academic conversa-
tion is occurring about business model innovation in the 
biopharmaceutical industry.

RESEARCH CAtEgORIzAtION

After inductively categorizing the 305 publications based 
on the similarity of their conversations, 12 separate cat-
egories were determined and are shown below in Table 
4. Though some overlap does exist in their respective 

Chart 1: research categorized by year of publication

table 2: Ten authors with most publications (lead or contributor)

Nr. author (current university)
Number of 

publications

1 Sharmistha bagchi-Sen (university at buffalo) 10

2 Philip Cooke (university of Wales-Cardiff) 9 

3 Walter Powell (Stanford university) 9

4 David Deeds (university of St. Thomas-minnesota) 8

5 Joseph Dimasi (Tufts university) 7

6 David Audretsch (Indiana university-bloomington) 6

7 Steven Casper (Keck Graduate Institute) 5

8 Gary P. Pisano (Harvard business School) 5

9 Iain Cockburn (boston university) 5

10 rebecca m. Henderson (Harvard business School) 5
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table 3: Ten journals with most publications

Nr. Journal Number of publications

1 Journal of Commercial biotechnology 33

2 research Policy 32

3 Strategic management Journal 14

4 Technovation 14

5 r&D management 11

6 european Planning Studies 10

7 Industry & Innovation 10

8 International Journal of Technology management 9

9 Technology Analysis & Strategic management 9

10 Small business economics 8

table 4: research categories by conversation similarity

Nr. Category (year of first publication) - Primary focus Publications

1 the Landscape of Biopharmaceuticals (1991) - The structure & history of the 
biopharmaceutical industry and factors driving its evolution.

48

2 driving Factors for Business Model Innovation (1991) - The underlying issues and dynamics 
that drive the need and opportunity for business model innovation.

21

3 drivers of Business Model Choice (1986) - Firm specific perspectives of why firms choose the 
type of business model they do.  

29

4 Business Model Suggestions (1993) - Suggestions for various business models based on their 
ability to overcome market challenges.

13

5 Competencies Required for Success (1991) - The critical nature that various competencies play 
in a firm’s success and its ability to utilize various business models.

7

6 Factors Impacting Organization Performance (1990) - The dynamics that impact 
organizational market performance.

39

7 technical Innovation drivers (1996) - The dynamics both internal and external to a firm that 
drive it’s technical innovation productivity.

45

8 Alliances/Cooperation/Collaboration (1986) - The benefits, challenges, and dynamics relevant 
in the formation and managing of alliances and various forms of cooperation.

51

9 Absorptive Capacity (1994) - The enabling effects that the breadth and depth of a firm’s 
existing technical knowledge plays on its ability to utilize external knowledge.

6

10 dynamics of Investment Interest (1987) - The various issues and factors that drive investment 
interest from stakeholders.

13

11 Clusters (1997) - The prerequisites and factors important to geographic cluster formation and 
the benefits associated with participating within them.

17

12 Networking (1986) - The key dynamics important for network formation and factors impacting 
firms utilization of these networks.

16

Total number of publications 305
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concepts and dynamics, they are sufficiently indepen-
dent of each other to be informative. Following Table 
4, each of these 12 categories are addressed both with a 
summary narrative and a corresponding conversation 
table. The conversations in the tables have been distilled 
due to space limitations for inclusion into this paper.

The Landscape of BiopharmaceuTicaLs

The Landscape of Biopharmaceuticals comprises 48 pub-
lications related to the structure of the biopharmaceuti-
cal industry including its history and the dynamics that 
led to its development and periodic transitions. It also 
includes the economics of the industry both at a macro 
and micro level, the industry topology and interaction 
workflows among its stakeholders and how all of these 
dynamics vary by national organizational structure. As 
shown in Table 5 below, these publications have been 
split into 5 subcategories.

History and Development contains 12 publications 
that focus on the history and the evolution of the med-
ical biopharmaceutical industry. It covers its institu-
tions from its inception as a nascent chemistry based 
pharmaceutical industry in the 19th century following 
multiple subsequent and overlapping technological 
paradigms38 through key respective developmental 
and transitional dynamics into the modern biophar-
maceutical industry. Common among this collection 
of research are publications focused on understand-
ing what Coriat, et al.39 describe as this industry’s 
“Division of Scientific Labor”, that is, basic research 
oriented academic and not-for-profit organizations 
vs. applied research focused for-profit organizations. 
The interaction of these two divisions of labor and 
the stakeholders, issues and policies affecting their 
interaction forms the narrative of the historical devel-
opment of this industry and indeed is one the keys 
to understanding its current state and future trajec-
tory. As an example, Hopkins et al.40 point out that 
due to their closer relationship with university basic 
research, pure biotechnology companies have been 
causing a vertical disintegration of the pharmaceuti-
cal FIPCO models.

Topology and Operational Dynamics contains 
14 publications that focus on the unique fragmented 
structure of this industry in terms of the many types 
of stakeholders and the dynamic information f lows 
between them including the evolutionary adaptive 
responses leading to its current structure.41,42 For 
example, Niosi43 through his use of Complex Adaptive 
Systems as a model of analysis, discusses the evolv-
ing nature of these dynamics by showing how the 
biotech industry is an evolving complex system of 

interdependent institutions. He goes on to highlight 
that solutions to increasing innovation within this 
industry are thus a function of lessening the natu-
ral resistance that stakeholders within this complex 
archipelago may exhibit.

National Institutional Structures contains 8 publica-
tions that focus primarily on the role that national insti-
tutional structures and cultures play on the fertility of 
their respective national biotechnology industries. These 
include research comparing relative advantages in a lib-
eral market economy like the U.S.A. vs. a coordinated 
market economy such as Germany.44 It also includes 
comparative differences in academic-industry relations 
among countries such as the perceptions governing aca-
demic careers and also industrial relationships and gov-
ernmental policies influencing academic relationships 
with industry.45,46

Market Success, Cost and Profitability contains 8 
publications that focus on the cost of drug and ther-
apy R&D. Although there is a consensus that this is 
certainly an expensive industry in which to do busi-
ness and becoming increasing more so, there is some 
disagreement on profitability given current approval 
success rates. For example, though Glick47 points to 
the success of current biotech business models, citing 
industry revenue and profitability figures, Grabowski 
et al.48 point to the skewed distribution of profitabil-
ity in this industry and highlights in his analysis the 
average mean which is barely above the cost of capi-
tal. Despite this, Lazonick & Tulum49 show how, due 
to speculative investment, sociology, and government 
R&D support policies, significant investment will 
continue to f low into this industry regardless of its 
profitability.

Role of Government Policy contains 6 studies that 
focus on the role that government policy can play in 
improving the fertility of regional biotechnology envi-
ronments. For these studies, there appears to be a gen-
eral consensus that government policy plays a key role in 
the promotion of a healthy biopharmaceutical industry, 
particularly in promoting the commercial translation 
of research from academia into industry through poli-
cies and legislation. A good example of this is the 1980 
implementation of the Bayh-Dole Act in the U.S.A. and 
the role that it played in motivating universities to com-
mercialize their research.50

driving facTors for Business modeL 
innovaTion

Driving Factors for Business Model Innovation com-
prises 21 publications related to the underlying issues 
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table 5: The landscape of biopharmaceuticals – Distilled conversations with subcategories

the landscape of biopharmaceuticals

history and development Study

1 by the 1990s, pharma had developed significant capabilities in biotech to work with 
specialized biotechs to drive innovation. 

Galambos & Sturchio, 
199823

2 The growth and diffusion of intellectual human capital explains where and when the 
biotechnology industry develops. 

Zucker et al. 199851

3 Key factors stimulated stronger uS biotech growth versus europe. Prevezer, 200152

4 1992 PDuFA and 1997 FDAmA have led to greater efficiencies in therapy approvals Dimasi, 200153

5 Specific institutional arrangements of the uS scientific system led to the unique dynamic of 
the biotechnology industry. 

Dalpé, 200354

6 Concomitant technological and uS legislative developments explain the development and 
flourishing of the biotechnology industry. 

Coriat et al., 200339

7 biotechnology has spawned greater complexity in the pharmaceutical industry and grows 
complexly integrated within it. 

Quere, 200355

8 medicinal biotechnology is following a pattern of slow and incremental technology 
diffusion. 

Nightingale & 
martin, 200456

9 evidence shows that the biotechnology industry is following a historical pattern of slow 
and incremental co-evolutionary change. 

Hopkins et al., 200740

10 A strong correlation exists between the collaboration rate of large pharmaceutical firms 
and their performance. 

Gottinger & umali, 
200857

11 Transformation of uS pharma from manufacturing apothecaries to research institutions 
was accomplished through university engagement. 

Furman & macGarvie, 
200958

12 Key differences exist between the biogeneric and traditional generic drug business models. Tucker et al., 200859

topology and operational dynamics

1 evolution of r&D alliance networks is an adaptive response to the emergence of the 
radically new molecular biology knowledge base.

orsenigo et al., 
200141

2 Patterns of biotech’s industrial dynamics explain the patterns of firm behavior and the 
mechanisms through which they exert their impact. 

malerba & orsenigo, 
200260

3 Knowledge capabilities rooted in specific knowledge domains are producing a new 
economic geography. 

Cooke, 200661

4 In the constellation of alliance relationships in the biotechnology industry, key 
relationships offer mutual advantages. 

bagchi-Sen, 200742

5 biotech policy agendas should focus on increasing factor conditions to enhance start-up 
formation, alliances, and skilled employment. 

Ahn & meeks, 200862

6 Public–private collaborations in biotechnology play significant roles in building firm-based 
and policy-making capabilities. 

Papaioannou, 201163

7 The shift in tacit and exploration knowledge to DbFs signifies a crisis for multinational drug 
companies. 

Cooke, 200464

8 Drug development under today’s new institutional arrangements could turn out to be 
faster and better, but not cheaper. 

Cockburn, 200465
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9 Changes in the healthcare value chain due to biotechnology are causing governments to 
change policies to attract bioclusters. 

Cooke, 200466

10 Due to lower productivity pharma firms are changing their r&D structure and focus. Gassmann & 
reepmeyer, 200567

11 The previously distinct cultural boundary between university and commercial science is 
merging. 

Vallas & Kleinman, 
200868

12 Institutional models help to define optimal linkage structures for understanding industry 
technology transfer dynamics. 

Shohet & Prevezer, 
199669

13 because innovative effort may not be stimulated by demand, biotechnology firms must 
play an active role in stimulating demand for the resulting technology. 

Walsh, 199370

National Institutional Structures

1 Availability of venture capital investment in the science base and national culture explain 
commercialization differences in uS vs. uK. 

Senker, 199671

2 Differences in basic science exploitation, venture capital, and cluster formation help 
explain differences between uS and eu biotech development 

Cooke, 200172

3 uS vs. eu organizational differences of academic-industry relations is consequential. owen-Smith et al., 
200245

4 National technological performance in biotechnology is affected by institutions governing 
scientific careers. 

Gittelman, 200646

5 Changes in the national institutional framework affects industry dynamics. lynskey, 200673

6 There exist national structural and policy comparative advantages allowing uS to dominate 
biotech new starts vs. Japan. 

Ibata-Arens, 200874

7 Varieties of Capitalism explains how free market economies have advantage over 
controlled economies in cultivating biotechnologies. 

lange, 200944

8 Though biotech development models used by China have advantages vs. uS model, these 
advantages don’t extend into the commercialization. 

Zhang et al., 201175

market Success, Cost, and Profitability

1 out-of-pocket cost per approved NCe is $114 million (1987 dollars). Capitalizing to the 
point of marketing approval $231 million. 

Dimasi, et. al., 199176

2 Though preclinical cost increases stable, overall costs of drug development are increasing 
at a 7.4% CAGr above inflation. 

Dimasi, et. al., 200377

3 out-of-pocket cost per approved biopharmaceutical was lower vs. pharmaceuticals. 
Capitalized cost was nearly the same. 

Dimasi & Grabowski, 
200714

4 Pharmaceutical r&D has highly skewed distribution of returns and a mean industry internal 
roI modestly above cost-of-capital. 

Grabowski et al., 
200248

5 revenue evidence suggests that biotech business models are successful and strategic 
alliances are most prevalent model. 

Glick, 20084

6 Clinical success rates and phase attrition rates are important indicators of pharmaceutical 
firm resource utilization efficiency. 

Dimasi, 200178

7 estimates of clinical phase transition and approval probabilities for drugs in the pipelines of 
the 50 largest pharmaceutical firms. 

Dimasi et al., 201079
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8 Investment continues into biotechnologies due to Greater Fools theory, govt. funding of 
r&D and industry access to the results of this funding. 

lazonick & Tulum, 
201149

role of government Policy

1 Governmental policy instruments can help technological change by giving prominence to 
elements of regional innovation systems. 

Dohse, 200080

2 biotechnology is an investment opportunity for future economic development. Feldman, 200081

3 Inducements to inventors to share in the profit of post development inventions is 
important to induce inventions out of the university. 

Jensen & Thursby, 
200150

4 biotechnology sectors can be promoted through policies focused on the development of 
the knowledge base and commercialization of it. 

Calvert & Senker, 
200482

5 Policies that promote access to finance, infrastructure development, IP protection and 
skilled people are important for biotechnology development. 

rosiello, 200883

6 Government science and technology policy is a key factor in explaining biotechnology 
performance in central and eastern european countries. 

Senker et al., 200884

table 6: Drivers for business model Innovation – Distilled conversations with subcategories

driving factors for business model innovation

Strategic decision factors Study

1 resource factors, national regulation, patent law and government policy all figure 
prominently in the foreign r&D locational decision. 

Taggart, 199185

2 Integrating manufacturing with r&D creates a reinforcing set of capabilities and 
competencies. 

Feldman & ronzio, 
200186

3 Knowledge strategy plays a key role on business model related structural decisions and 
firm performance. 

bierly & Chakrabarti, 
199694

relationship orientation

1 As norms of behavior and policy shift, academic scientists become more involved in 
research commercialization. 

Krimsky et al., 199189

2 Commercial growth of university-developed technology is driven by arrangements that 
compensate for social constraints on privatization. 

Argyres & liebeskind, 
199890

3 biotech firms are engaged in a learning race where speed is driven by the capability of 
learning from collaborations. 

Powell, 199887

4 Though biotechnology has not delivered on its promise to revolutionize therapy r&D, with 
sharing-based business model changes it can improve. 

Pisano, 200688

5 biotech entrepreneurs must also invest in understanding organizational and market forces 
to take full advantage of innovation potential. 

Khilji, 200695

exogenous market factors

1 recent legislative and technology changes in the biopharmaceutical industry are causing 
structural changes in the industry. 

Grabowski & Vernon, 
199496

2 Through population ecology and organizational systematics theory, one can analyze 
processes within firms to find business model hybrids. 

oliver & montgomery, 
200097
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that drive the opportunity for business model innova-
tion. As shown in Table 6 these publications have been 
divided into 4 subcategories:

Strategic Decision Factors contain 3 publications 
that are focused on how strategic decisions play a role 
in the opportunity for business model innovation. For 
example, where a firm chooses to place its R&D opera-
tions85 or whether to conduct manufacturing in-house86 
are issues that can affect a firm’s proximity to or recep-
tivity toward breakthrough ideas in a novel business 
model.

Relationship Orientation relates to 5 publications 
that form a consensus on the importance that shar-
ing and integration across biopharmaceutical indus-
try stakeholders play in the innovation of business 
models.87,88 Multiple authors agree that there exists a 
changing dynamic among university policies toward 
its relationship with industry89,90 which in turn identi-
fies an area of opportunity for commercial translation 
models.

Exogenous Market Factors include 9 publications 
focused on the macroeconomic, legislative and techno-
logical changes with which firms must constantly adapt. 
In sum, these publications help to understand the various 
external challenges that could be influencing adaptive 

business model responses. As a strong example, Pisano 
discusses the various business models prevalent since the 
1970’s.91 Important, to his discussion is that over these 
40 years, different types of business models have been 
prevalent due to a unique set of economic, legislative and 
technological factors with which they, in each respective 
era, were best suited to address. As these factors changed, 
so did the business model.

National Institutional Frameworks make up 4 pub-
lications that point to the impact that different features 
of national institutional frameworks play on the fertil-
ity of business model innovation. In essence, factors such 
as relative access to venture capital, organization of aca-
demic research training and careers, labor market regu-
lation and governmental science policy all play a role, 
either restrictive or promotional, in business models 
innovation efforts.92,93

drivers of Business modeL choice

Unlike the previous section which is framed on a mac-
roeconomic perspective, this category consists of 29 
publications that are focused on a company-specific 
perspective. That is, why biopharmaceutical firms, 

3 biotech business models must manage risk over long periods of time and foster integration 
across an array of disciplines and knowledges. 

Pisano, 200791

4 Given the dramatic changes in the economic climate and potentially the regulations 
affecting biotechnology, it is time for a new business model. 

Friedman, 201098

5 business model change must manage and reward long-term risk, integrate across bodies 
of knowledge, and learn cumulatively over time. 

Pisano, 201099

6 When the knowledge base is both complex and expanding, and sources of expertise are 
widely dispersed, the locus of innovation is in networks. 

Powel et. al., 19965

7 Pharmaceutical professionals need to find new competitive—not commercial—models to 
succeed in the competitive stage of the industry’s lifecycle. 

bernard, 2013100

8 universities should adapt their technology transfer policies to conditions in its institution 
and regional economy. 

breznitz et al., 2008101

National Institutional frameworks

1 National institutional frameworks affecting technology transfer, finance, labor markets, and 
company law affect business strategies. 

Casper & Kettler, 
2001102

2 Different features of national institutional frameworks encourage firms to adopt distinctive 
approaches to developing innovative competencies. 

Whitley, 200292

3 National biotechnology policies should distinguish between the different types of 
biotechnology firms (Platform vs Product focused). 

bagchi-Sen & Scully, 
2004103

4 lack of a significant national venture funding infrastructure imposes critical limits on the 
growth of a biotech and business models types. 

Herpin et al., 200593
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table 7: Drivers of business model Choice – Distilled conversations with subcategories

drivers of business model Choice

Various dynamics affecting business model Choice Study

1 When imitation is easy, profits from innovation may go to complementary asset owners vs 
the developers of the IP. 

Teece, 198634

2 Due to the asymmetry of appropriation risk, for a small DbF to partner with a large 
company alternative strategies are needed. 

Williams, 1998106

3 Different business models have developed to meet specific market needs and overcome 
specific challenges. 

Fisken & rutherford, 
2002105

4 Spin-offs and start-ups are different with significantly different risk/reward profiles.  
understanding these differences is important. 

Persidis & De rubertis, 
200035

5 business model development is based on many factors including technology, goals, 
experience, expertise and market characteristics. 

mangematin et al., 
2003113

6 A flexible business model can be helpful in times of macroeconomic change. Chaya, 2005114

7 With platform technologies a monopoly can exist if the technology is proprietary; 
otherwise a firm must be active in strategic alliances. 

Persidis, 2001115

8 There are four types of business models in Italy. These have developed due to specific 
market factors. 

bigliardi et al., 2005104

9 business models with an attentive technology watch, the right partnership, and a sensible 
resource allocation policy are key to success. 

march-Chorda & yagüe-
Perales, 2008116

10 A good business model helps balance relationships with other firms and helps it articulate 
and finance its activities for future success. 

Sabatier et al., 2010117

11 building value is a function of reducing risk.  Thus choosing between a project, product or 
company development strategy is important. 

boni, 2012118

Considerations for Vertical Integration

1 Knowing when to vertically integrate, when to collaborate, and when to license is a critical 
skill requited for both new and established firms. 

Pisano, 1991107

2 Technology platforms that address only a tiny part of the drug discovery process risk 
becoming optional or redundant. 

Papadopoulos, 200036

3 expanding reach across the value chain is an important strategy due to costs and 
technological complexity. 

Champion, 2001119

4 Tradeoffs between vertical integration and collaboration are a function of collaboration 
content, business planning, investment constraints and IP. 

basile & Faraci, 2013120

5 Variability in organization forms is related to the stringency of the regulatory approval, 
technological risks, and the facility costs. 

luukkonen, 2005121

6 Though virtual business models can be beneficial, without a cultivation of trust and 
commitment they can be thick with problems. 

Weisenfeld et al., 
2001122

Impact of National Institutional frameworks

1 Sector specific government business development strategies are limited by national 
institutional structures and mentality. 

Casper, 200037

2 Italian biotech growth is limited due to lack of government support, low level of academia 
and industry cooperation and weak equity finance. 

Nosella et al., 2005108
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themselves, choose the type of business model they do. 
As shown in Table 7 these publications can be further 
divided into 4 subcategories:

Various Dynamics Affecting Business Model Choice 
include 11 publications focused on various factors 
that influence the choice of business model that a firm 
engages. Though many factors are studied, the major 
factors on which authors agree is the impact that fund-
ing availability has on the type of business model cho-
sen. For example, Bigliardi, et al.104 along with Fisken & 
Rutherford105 show how low access to investment capital 
channels business model choice toward service or plat-
form models and away from therapy development based 
models. The former typically requires less startup capi-
tal and reaches revenue generation sooner. Other issues 
on which authors find consensus are the concerns that 
a firm has of having its intellectual property appropri-
ated by an alliance partner.34,106 Thus, choice of business 
model can be one way of mitigating this risk.

Considerations for Vertical Integration are a group 
of 6 publications focused on the comparative advan-
tages of and considerations for relative levels of vertical 
firm integration. This collection of research encom-
passes the important risks and advantages of pursuing 
(or not pursuing) a fully vertically integrated business 
model.107 For example, Papadopoulos36 discusses how 
pursuing full vertical integration mitigates the risk of a 

platform model firm’s technology becoming redundant 
and obsolete.

Impact of National Institutional Framework includes 
8 research publications focused on revealing what 
impact national institutional frameworks play on busi-
ness model choice and success. These authors show, for 
example, how dedicated biotechnology firms (DBFs) in 
Europe tend to pursue models focused on services and 
platform technologies due to the relative lack of govern-
ment industry support, relatively low level of cooperation 
between academia and industry and weak equity finance 
infrastructure.108,109

Business Models Change Dynamics are 4 publications 
focused on the dynamics of why biopharmaceutical firms 
change their business model over time. These dynamics 
include new commercial opportunity recognition110, the 
opportunity to capture more value from their discovery 
efforts by expanding toward therapy development111 or 
even a natural evolutionary trend toward therapy devel-
opment after founding due to resource constraints.112

Business modeL suggesTions

Business Model Suggestions are a grouping of 13 pub-
lications that address various models for innovation in 
business models. Throughout these publications, there 

3 uS type business models and structures must be adjusted for the national framework 
peculiarities of each respective country. 

bower & Sulej, 2007123

4 Despite what Chinese government policy is promoting, the strategy that Chinese 
companies follow may not be sustainable. 

malone et al., 2008124

5 business models in Spain are overwhelming centered on low investment, limited r&D 
expenditure and incremental innovation. 

march-Chordà et al., 
2009125

6 Developing economies like estonia have infrastructural and cultural barriers limiting them 
to service models. 

Suurna, 2011126

7 Due to differences in infrastructure, dominant logic and resource access DbFs from Cme 
and lme approach business models differently. 

DiVito, 2012109

8 The availability of investment is a key driver of business model choice. Hopkins et al., 2013127

business model Change dynamics

1 Genomics platform companies are increasingly adopting product development oriented 
business models to stay alive. 

rothman & Kraft, 
2006111

2 There is an increasing business model hybridization toward product development, caused 
by shifts in business models after founding. 

Willemstein et al., 
2007112

3 r&D productivity/innovation is in trouble.  restructuring pharmaceutical r&D structure 
can improve this situation. 

Garnier, 2008128

4 opportunity recognition drives business model change. recognizing this is a function of 
team knowledge and business capabilities. 

brink & Holmén, 2009110
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is a consensus that due to the increasing scientific com-
plexity of this industry, some form of sharing or decen-
tralized distribution of responsibility is a key factor for 
increased productivity and lower costs. Among these 
is included suggestions for the use of virtual company 
business models utilizing high levels of outsourcing129,130 
and the use of open innovation models.131–133. See Table 
8 below.

compeTencies required for success

No matter the type of business model chosen, each busi-
ness model requires different firm level competencies 
for success. As shown in Table 9 below, this category 

comprises 7 publications that focus on the critical nature 
that various firm-level competencies play in a firm’s suc-
cess and in its ability to utilize various business models. 
Specifically, this research includes the importance that 
experienced managers with business management com-
petencies play in firm’s success. Indeed, a firm’s ability to 
acquire or develop these individuals is a key performance 
differentiator.142 This is especially so since managers with 
this experience are in shortage.143,144 Other publications 
include research on the importance that a firm’s ability to 
stay aware and adaptive to changing market conditions 
plays on success.145,146

table 8: business model Suggestions – Distilled conversations (no subcategories)

business model Suggestions Study

1 (Adam Smith model)* - An networked specialized division of labor model would allow greater 
decentralization and the distribution of costs. 

Valle & 
Gambardella, 
1993134

2 (bayPat model)* - Direct private business partnering with public research. Caples & Grace, 
2001135

3 (everybody’s baby model)* - Network based (grant funded) research consortium to feed 
networked based virtual commercialization consortium. 

Weisenfeld et al., 
2001129

4 (Virtual business model)*- Focus on core competencies (product development) only.  
outsource all else. 

baker, 2003130

5 (Patent pooling model)* - Patent pooling as “one-stop shopping” technology license platforms Horn, 2003136

6 (open innovation model)* - The fully integrated business model is increasingly considered to 
be unsustainable. 

Hunter, 2010131

7 (open sourced r&D model)* - to work, it must be able to demonstrate the same level of 
expertise in minutiae of r&D details as FIPCo model. 

munos, 2006132

8 (lean connected business models)* – It is time for open sourced interdependency based 
models that use greater connectivity

booth, 2009137

9 (Academic portfolio collaboration model)* - it is imperative that the public and private sectors 
coordinate and leveraged their collective expertise. 

melese et al., 
2009133

10 (Hybrid business models)* - Hybridization possesses important advantages that can help offset 
the risk inherent in biotech. 

lowe & Gertler, 
2009138

11 Patient-centered model - making decisions focused on what is best for the patient will lead to 
better business utility. 

rao, 2010139

12 (Crowd sourcing model)* - Though in its infancy crowdsourcing is potentially a key tool that 
can be used in biopharmaceutical business models. 

lessl et al., 2011140

13 (Abandoned compounds model)* - proactively license out IP that are no longer being pursued. Chesbrough & 
Chen, 2013141

*(that in parenthesis is nickname give by author of current study, not original author)
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table 9: Competencies required for Success – Distilled conversations (no subcategories)

Competencies required for Success Study

1 Strategic managers need to be aware of environmental changes so as to balance an emergent/
adaptive strategy with a deliberate strategy. 

Dodgson, 1991145

2 High success rates for strategic alliances have been the result of a large amount of time and 
effort of managerial involvement. 

Forrest & martin, 
1992147

3 Integrative competence rests on a complex set of interlinked factors that usually evolve only 
slowly over time. Firms must leverage this. 

Henderson, 
1994148

4 The main differentiators between biotechnology performers is complementary skills outside 
r&D and effective transfer of organizational learning. 

Woiceshyn & 
Hartel, 1996142

5 Start-ups need experienced management, whether it be from mentors, interim managers or 
fulltime managers, as early as possible. 

rodgers et al., 
2002143

6 A common feature of successful NbFs is their ability to harmonize the changing scientific and 
business agendas. 

Ireland & Hine, 
2007146

7 Different business models require different top echelon theory based management 
competencies. 

Patzelt et al., 
2008144

table 10: Factors Impacting organization Performance – Distilled conversations with subcategories

factors Impacting organizational Performance

Strategy Specific factors Study

1 In technological discontinuity, success positioning should emphasize technical 
innovation (r&D vs. mfg. & mkt.), external orientation and timing. 

Hamilton et al., 1990149

2 location is a significant predictor of firm performance as are products in the pipeline 
and firm citations - not just patents. 

Decarolis & Deeds, 1999166

3 Companies should attend to six specific integrated areas to improve on performance. myers & baker, 2001167

4 Innovator position, niche operation, and internationalization improve SmTes’ 
profitability. 

Qian & li, 2003168

5 build in mechanism to reduce therapy candidate attrition rates as early in the 
development process as possible. 

Kola & landis, 2004169

6 Technology and biomedical companies create success cycles by the way they perform 
four critical business processes. 

Cohan & unger, 2006170

7 making the risk management plan part of the strategic plan and planning process 
improves a company’s ability to manage growth and to compete. 

Vanderbyl & Kobelak, 
2008150

organizational Competencies

1 Ability to integrate knowledge both across the boundaries of the firm and across 
disciplines and product areas is a source of strategic advantage. 

Henderson & Cockburn, 
1994151

2 Key factors that drive knowledge transfer drive firm performance. Palacios-marqués et al., 
2013152

3 biotech firm competencies are better predictors of market measures of performance. De Carolis, 2003171

4 New pharma products will be more successful when a firm possesses the appropriate 
stocks of technological and product market experience. 

Nerkar & roberts, 2004172
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5 Certain firm competencies should not be outsourced. mehta & Peters, 2007173

6 marketing issues constitute a problem for biotechnology companies, since many lack 
marketing capabilities. 

Costa et al., 2004153

7 marketing for biotechnology companies encompasses five key challenges unique from 
other industries. 

rajamäki, 2008154

8 marketers in the life sciences industry face novel and unique challenges. Stremersch & Dyck, 
2009155

9 Different types of scientist bring different types of value to a firm. Catherine et al., 2004174

Strategic alliance usage and management

1 Though a diminishing return exists after some point, a firm’s rate of product 
development is a positive function of the number of its strategic alliances. 

Deeds & Hill, 1996157

2 The impact of networks on a firm’s technological competence and its capacity to 
construct external linkages is crucial to its success. 

estades & ramani, 1998156

3 Incumbents that focus their network strategy on exploiting complementary assets 
outperform incumbents that focus on exploring the new technology. 

rothaermel, 2001158

4 It is important for firms to maintain close ties with academia in order to maintain a 
source of innovation. 

Nilsson, 2001175

5 Intimate links with large pharmaceutical firms and publicly-funded research centers are 
key to spin-out businesses. 

Philip Cooke, 2001176

6 Acquisition of knowledge in technology-intensive settings is achieved through 
mechanisms both formal and informal, both proximate and distant. 

Zaheer & George, 2004177

7 A strategy of relentless pipeline building appears to enhance relative and absolute 
performance of biopharmaceutical industry leaders. 

Ahn et al., 2009178

Various factors

1 market orientation is positively associated with profit margins, growth in market share 
and overall performance but not in new product success. 

Appiah-adu & ranchhod, 
1998179

2 New product development capabilities are a function of a firm’s location, quality of 
scientific and technological team, and independent managerial skills. 

Deeds et al., 1999159

3 managing corporate reputation through key determinant factors is a key business 
model success lever. 

Grupp & Gaines-ross, 
2002160

4 While scientific breakthroughs drive innovation in biotechnology, market demand plays 
a critical role in business performance of firms. 

Hall & bagchi-Sen, 2002161

5 In addition to just alliances, evolutionary milestone based progression
also accounts for the success and growth of a biotech firm. 

Niosi, 2003180

6 Short term pressures to demonstrate performance are not well aligned with the long 
term business cycle firms need to create investor-attracting value. 

Garnsey, 2003181

7 economies of experience gained through alliances increase the probability of success 
for late stage clinical trials. 

Danzon et al., 2005182

8 To enhance their knowledge creation capabilities firms increasingly combine internal 
‘‘core’’ capabilities with externally acquired ‘‘complementary’’ ones. 

Amir-Aslani, 2009183
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facTors impacTing organizaTionaL 
performance

Factors Impacting Organizational Performance contain 
39 publications that are focused on the dynamics that 
impact how an organization performs in the market. As 
shown in Table 10 below, these publications are further 
divided into 6 subcategories:

Strategy Specific Factors are seven publications that 
focus on the strategic decisions that biopharmaceutical 
firms can make that affect their success. The areas on 
which these authors focus are varied but as examples 
include where in a firm’s value chain to place its inno-
vation focus (e.g., R&D, manufacturing or marketing), 
external vs. internal orientation and timing of key activi-
ties.149 It also includes the role that a risk management 
plan should play in a firm’s strategy.150

Organizational Competencies includes 9 publica-
tions that are focused on various aspects of a firm’s 
ability to operate successfully in the biopharmaceutical 
environment. These include publications which sup-
port how a firm’s competence through its employees to 
transfer, integrate and manage knowledge drives a firm’s 
success.151,152 They also include research that explains the 
unique marketing requirements in this industry and the 
competencies required for success.153–155

Strategic Alliance Usage and Management are a 
grouping of 7 publications that focus on the importance 

that alliances at multiple levels play on the success of a 
biopharmaceutical firm. These authors reach a consen-
sus that the ability to create external linkages especially 
those with complimentary assets are critical to organiza-
tional performance.156–158

Various Factors are 10 publications each of which is 
focused on separate drivers of firm performance. These 
include the importance of independent management 
skills159, the impact that good management of corpo-
rate reputation plays160, understanding the dynamics 
of market demand for biopharmaceutical products161 
and the use of rNPV analysis in product portfolio risk 
diversification.162

Fertility Factors is a group of 5 research papers that 
are focused on the underlying dynamics that affect the 
fertility of the environment in which a firm is trying 
to succeed. Specifically, these factors include access to 
an outstanding research university, advocacy leader-
ship, strong risk financing, an entrepreneurial culture, 
and appropriate real estate, all bound together through 
an intensive information exchange network.163 It also 
includes research on the Porterian dynamics that can 
affect a firms ability engage this environment to build its 
firm specific value driving assets.164

Survival Strategies includes a single publication by 
Patzelt & Audretsch165 in which they address the options 
that firms have to survive when financing markets 
become hostile, and venture capital funding dries up.

9 Complementing a development portfolio with risk-reduced projects is an attractive way 
to ensure sustained growth. 

Nickisch et al., 2009162

10 Due to a significant government focus on biotech science and a recognition of its 
commercial potential, the uS has been a leader versus other countries. 

reiss, 2001184

fertility factors

1 There are five key factors underlying regional success in the biotechnology industry. Walcott, 2002163

2 Human and finance resource acquisition are the leading barriers that firms continue to 
face which impede their success. 

bagchi-Sen et al., 2004185

3 bio-incubators differ in the level of support that they offer across exploration, 
examination, and exploitation oriented activities. 

Cooke et al., 2006186

4 Porterian factors affect asset accumulation including asset interdependencies and 
specifying all factors under rapid technology change. 

Thomke & Kuemmerle, 
2002164

5 The business of biotech in the uK is intimately tied to the national innovation system, 
which in turn is dependent upon highly localized elite science. 

Smith & bagchi-Sen, 
2006187

Survival Strategies

1 like evolutionary forces causing living organizations to adapt, when the financing 
markets become hostile, firms still have survival options. 

Patzelt & Audretsch, 
2008165
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table 11: Technical Innovation Drivers – Distilled conversations with subcategories

technical Innovation drivers

historical overview of Innovation drivers Study

1 Key characteristics of pharmaceutical firms have helped them remain successful 
innovators. 

Galambos & Sturchio, 
1996207

2 The pharmaceutical industry has gone through 5 Kondratiev type waves of technological 
innovation. 

Achilladelis & 
Antonakis, 200138

3 The aim of innovation strategies in biopharmaceuticals is to combine the scale advantages 
of big Pharma with small biotech flexibility. 

bobulescu & Soulas, 
2007188

Cooperation and Networking

1 “Connectedness” to basic research is significantly correlated with a firm’s internal 
organization and performance in drug discovery. 

Cockburn & 
Henderson, 1998189

2 The biotechnology industry depends on public science more heavily than large, 
diversified pharmaceutical companies do. 

mcmillan et al., 
2000190

3 A startup’s size, access to public equity markets and position in the network of agreements 
affect its innovation ability. 

Shan et al., 1994191

4 A firm’s networking capability with suppliers, customers, and knowledge-creating 
organizations asserts a decisive influence on its innovativeness. 

Chang, 2003208

5 For start-ups, an increase in the number of corporate partners was both positively and 
significantly associated with products commercialized. 

Kim, 2012209

6 understanding the growth dynamics and structure of collaboration networks is critical for 
building a leading position in biotechnology. 

Gay & Dousset, 
2005210

7 open innovation moderates the relationship between internal learning and technological 
innovation capability. 

Huang, 2011211

8 Cooperation with a competitor is a beneficial strategy that helps to increase innovation. Quintana-García & 
benavides-Velasco, 
2004212

9 Intrafirm collaborative structures enhance innovation. Persaud, 2005213

10 Strong internal multidisciplinary capabilities drive a firm’s ability to form alliances which in 
turn promotes innovation. 

Hall & bagchi-Sen, 
2007214

11 Similar partners in a firm’s alliance portfolio contribute to firm innovation only up to a 
threshold. 

luo & Deng, 2009215

12 Individual-level collaborations by scientists within a firm positively affect firm-level 
patented innovation output. 

Almeida et.al., 
2011216

13 IPos are an effective proxy to observe knowledge spillovers from university to small 
biotech forms. 

Stephan et al., 2003217

14 biopharmaceutical firms can enhance their technological performance by developing 
r&D activities in multiple technology clusters. 

lecocq et al., 2012192

15 Heterogeneity in collaboration is beneficial to innovation. raesfeld et al., 
2012218

16 The preferred balance between internal and external focused innovation is a function of 
internal and external environment operating factors. 

mittra, 2007219
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17 Intrafirm collaborative structures enhance innovation. Chiaroni et al.,  
2008220

Size and Scale of research efforts and Corresponding Issues

1 large research efforts are more productive due to spillover effects from economies of 
scale and scope. 

Henderson & 
Cockburn, 1996193

2 Increases in the “throughput” of r&D are dependent on organizational and managerial 
responses to systemic uncertainty. 

Nightingale, 2000221

3 Involvement in multiscale relationships are important to innovation and development. birch, 2008222

human Capital

1 Success comes down to a small number of motivated extraordinary scientists with vision 
and mastery of a breakthrough technology. 

Zucker & Darby, 
1996194

2 Intellectual human capital heterogeneity and relationship between innovative activities 
along the knowledge value chain are innovation keys. 

Hess & rothaermel, 
2011223

3 A firm’s scientists are not homogenous, different types of scientists play different roles in 
the knowledge production and absorption process. 

Subramanian et al., 
2013195

organization Controls

1 Input behavior and output control enhance radical innovation. Input and output controls 
enhanced incremental innovation. 

Cardinal, 2001224

2 Project teams break down formal barriers and increase innovation. Zeller, 2002225

3 Stage gates can channel creativity and reduce risk, thus increasing the rate of innovation. Smith & Schmid, 
2005196

4 Knowledge management (Km) dynamic capabilities act as a mediating variable between 
Km practices and innovation performance. 

Alegre et al., 2011226

5 The process of communication in new product development is essentially an information 
seeking and uncertainty reduction activity. 

Frahm et al., 2007197

6 A company should make In-licensing decisions by trading off research time for gradually 
emerging information on the compound’s quality. 

Zhao & Chen, 2011227

National Institutional environment

1 uK corporate governance structure allows firms to more quickly adapt than German firms 
to rapidly changing external environmental conditions. 

Casper & matraves, 
2003198

2 unlike the uS or eu, Japanese drug companies rely primarily on in-house drug discovery 
due to national framework issues. 

Kneller, 2003228

Proximity

1 Proximity to new technology anchor firms increases innovation output. Feldman, 2005229

2 Proximity and firm boundary permeability drives innovation. Zeller, 2009230

3 Ties to distant partners are positively associated with scientific impact but negatively to 
firm patenting. 

Gittelman, 2007199

4 There exists complementarity of globally distributed analytical knowledge creation and 
locally oriented synthetic creation. 

moodysson et al., 
2008200

5 An analytical knowledge base is important for biotech. Plum & Hassink, 
2011231
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TechnicaL innovaTion drivers

Technical Innovation Drivers includes 45 publications 
that focus on the dynamics, both internal and external 
to a firm, that drive its technical innovation productivity. 
As shown in Table 11 below, these can be divided into 10 
subcategories:

Historical Overview of Innovation Drivers includes 
3 research papers on the dynamics and drivers of tech-
nical innovation in the biopharmaceutical industry. 
These publications help to understand how this industry 
has historically organized itself to promote innovation 
including the use of scale, followed by R&D partnerships 
and then to industrial biocluster management.188 Of par-
ticular interest is a study by Achilladelis & Antonakis38, 
who have analyzed the history of the industry over five 
consecutive and overlapping technical phases since the 
industry’s inception in the 19th century and shown why 
these phases came about and what caused them to change.

Cooperation and Networking includes 17 publica-
tions that focus on the benefits that cooperation plays on 
a firm’s innovation success. Indeed, as the biggest sub-
topic within this category, it highlights the importance 
that researchers perceive cooperation to be in helping 
a firm to be more innovative. Key areas of consensus 
among these 17 publications include the benefits on tech-
nical innovation that a close relationship with publicly 
funded basic research institutions has189,190 and the inno-
vation benefits on various dynamics from collaborating 
with firms across the value chain.191,192

Size and Scale of Research Efforts and Corresponding 
Issues consist of 3 studies that show the benefit that firm 
size has on technical innovative output. For example, 

Henderson & Cockburn193 make a case for larger research 
efforts being more productive due to their economies of 
scale and scope and the resulting increase in spillovers 
and absorptive capacity.

Human Capital consists of 3 publications that focus 
on the dynamics that a firm’s scientific human resources 
play on a firm’s innovation output. This includes the 
impact that different scientist types play on the inno-
vation process including the important role of star 
scientists.194,195

Organizational Controls include 6 papers that span 
various methods of organizational control that firms 
can use to enhance innovative output. As two examples, 
it contains research on the use of stage gate controls to 
channel creativity and reduce risk in innovation man-
agement196 and the management of communication 
across the firm to enhance innovation.197

National Institutional Environment is a subtopic con-
taining 2 publications that, like in previous categories, 
shows how technology innovation specifically is affected 
by key underlying national structures and culture.198

Proximity is a grouping of 5 publications that help 
to understand the effect that geographical proximity to 
certain institutions and bioclusters has on a biophar-
maceutical firm’s innovation in both basic and applied 
research.199,200

Knowledge Base Coherence and Competence are 
a grouping of 3 papers which agree about the com-
plementary importance that a firm’s scientific and 
technological competence and experience play in its 
innovativeness.201–203

Models for Understanding and Managing Innovation 
Processes consists of 2 publications each providing a 

Knowledge base Coherence and Competence

1 Two properties of the knowledge base, its scope, and its coherence, contribute positively 
to a firm’s innovative performance. 

Nesta & Saviotti, 
2005201

2 learning and capability formation follows a co-evolutionary path dependency on 
successive experiences and endeavors. 

miettinen et al., 
2008202

3 Technological capability and product innovativeness are linked. renko et al., 2009203

models for understanding and managing Innovation Processes

1 A model of innovation can be built on two dimensions and their interactions: Innovation 
stage and organization construct. 

bernstein & Singh, 
2006204

2 There are two key requisites for innovation: customer insight to identify unmet need, and 
awareness to identify the enabling technology. 

Fetterhoff & Voelkel, 
2006205

Innovation differences among firm types

1 There are three comparative advantages between large established firms and smaller 
firms. 

Arora et al., 2009206
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model that a biopharmaceutical firm can use to manage 
its innovation processes.204,205

Innovation Differences Among Firm Types is the last 
in this category and consists of a single study comparing 
the differences among organizational types showing how 

vertically integrated firms currently tend to be the most 
innovative.206

table 12: Alliances/Cooperation/Collaboration – Distilled conversations with subcategories

alliances/Cooperation/Collaboration

Spatial Proximity factors Study

1 When knowledge is transmitted through formal ties between researchers and firms, 
geographic proximity is not necessary. 

Audretsch & Stephan, 
1996232

2 even though functional proximity is facilitative, global knowledge collaboration is 
indispensable for most DbFs. 

moodysson & Jonsson, 
2007233

3 Geographical proximity has become less important for inter-organizational collaborations. Hermann et al., 
2012251

benefits of relationships

1 university-industry research relationships have both benefits and risks for academic 
institutions. 

blumenthal et al., 
198631

2 biotech industry support for university research is significant and growing in addition to 
government still remaining the biggest supporter. 

blumenthal et al., 
198632

3 Key reasons that industry engages academia are access to commercially viable 
innovations, knowledge spillovers and talented people. 

blumenthal et al., 
1996234

4 Companies with university linkages have lower r&D expenses while having higher levels of 
innovative output. 

George et al., 2002235

5 NSF-affiliated university scientists also engage in interactions with industry that are 
conducive to non-economic knowledge transfer. 

boardman, 2008252

6 NbFs rely on their own hierarchies and on external network exchanges for sourcing 
scientific knowledge. 

liebeskind et al., 
1994253

7 motivations for collaboration stretch beyond just financial and new technology acquisition 
to include the development of tacit knowledge. 

Senker & Sharp, 1997254

8 Firms adapt to radical technological change via interfirm cooperation with new entrants 
when the incumbents have complementary assets. 

rothaermel, 20016

9 Strategic research partnerships help small firms with size-inherent disadvantages like 
deficiencies in control, capabilities, and context. 

Audretsch & Feldman, 
2003236

10 establishing inter-firm collaborative relationships is considered vital as commercial 
biotechnology gains independent from academic research. 

Suarez-Villa, 2004255

11 “Cycle of Discovery” model, shows how exploitation and exploration build on each other in 
an evolutionary chain of development. 

Gilsing & Nooteboom, 
2006256

12 For a biotech company, partnerships and collaborations can be a key factor for success, 
especially for new firms. 

marks, 20091

13 Collaboration, specifically with university scientists, is important for continued success in 
r&D and product/process oriented biotech firms. 

Hall & bagchi-Sen, 
2001257



July 2016  I   Volume 22   I   Number 3 25

14 The m&A activity of firms reveals their needs of achieving improved innovation, increased 
revenue and product diversification. 

Pavlou, 2003258

governance and relationship management

1 Strong relationships between partners is a more effective deterrent to opportunism than 
the creation of hostage investments or contracts. 

Deeds & Hill, 1999237

2 Pooling small biotechs together can mitigate against opportunism risks from bigger 
partners. 

Williams, 20052

3 In alliances, an equity link can serve as a trust substitute. Filson & morales, 
2006238

4 The allocation of control rights to the r&D firm increases with the firm’s financial resources. lerner & merges, 
1998240

5 The market tends to favor earlier stage alliances which are consistent with an underlying 
healthy pharmaceutical research pipeline. 

Higgins, 2007259

6 Aligning and implementing mechanisms of control are an important part of inter/intra firm 
project success. 

baraldi & Strömsten, 
2009239

7 The greater a firm’s relative scarcity, superior complementarity, and relative bargaining 
ability the greater share of control rights it can win. 

Adegbesan & Higgins, 
2010260

8 Due the issue of moral hazard and credence goods, collaborative r&D is at high risk for 
failure. Control rights can mitigate against this. 

Kloyer, 2011261

9 In face of a potential collaboration, termination governance can be designed so as to 
maintain incentive for continued participation. 

Panico, 2011241

10 Alliance contracting problems are solved through ownership allocation, explicit 
contractual clauses, and relationally incentivized implicit contracts. 

robinson & Stuart, 
2007262

11 managing post-formation alliance dynamics and flexibly adapting partnerships are crucial 
aspects of collaborative strategy. 

reuer, Zollo, & Singh, 
2002263

12 Alliance failures in pharma/biotech can be reduced through three key measures. laroia & Krishnan, 
2005264

13 Different inter-organizational governance structures are appropriate for different tasks and 
environments. 

Pisano, 1989265

14 A hybrid post-acquisition integration approach is important for pharmaceutical companies 
acquiring biotechnology companies. 

Schweizer, 2005266

dynamics of relationship formation

1 In biotechnology, networks of collaborative ventures have developed as the primary 
institutional arrangement governing exchange and production. 

Powell et al., 1996267

2 motivations for cross-border alliances include manufacturing, supply and market access 
and equity investment for domestic alliances. 

mcCutchen et al., 
1998268

3 Alliances are used as organization opportunities for learning and growth albeit they are 
used in a non-linear manner. 

oliver, 2001242

4 Different types of alliances are motivated by different goals. rothaermel & Deeds, 
2004243

5 early r&D stages alliances are driven by need for technical competence.  later by the need 
for expertise in gaining regulatory approval. 

mcCutchen et al., 
2004269
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6 Continued low productivity from big Pharma should enhance the ability of biotech 
companies with high-quality products to attract funding. 

Czerepak & ryser, 
2008270

7 A firm’s appropriation environment and governance capabilities strongly influence 
portfolio-level collaboration mode choices. 

Aggarwal & Hsu, 
2009244

8 The quality of firm knowledge base, as measured by depth and breadth, has sophisticated 
influences on technology collaboration. 

Zhang & baden-Fuller, 
2010245

9 While collaborative arrangements with universities are common, those with such linkages 
are not always the firms experiencing success. 

levitte & bagchi-Sen, 
2010271

10 In partner selection decision making, partners with the ability for value creation might use 
that ability to appropriate value. 

Diestre & rajagopalan, 
2012246

11 Firms with an in-house innovation history on one or few products are most likely to be 
attractive alliance partners with large economy firms. 

De mattos et al., 2013247

12 Collaboration should always be observed as coexisting with dynamics of competition. oliver, 2004272

13 The basic–applied dualism to represent research activity type and the public–private 
dualism to depict organizational nature are redundant. 

lynskey, 2006248

14 The dynamics of university tech transfer offices are changing. blakeslee, 2012249

15 most collaborations within Canada are with local universities as well as with foreign 
universities. 

bagchi-Sen et al., 
2001273

16 Technological opportunity, market conditions, and innovation policy are key factors 
driving increase in Japanese firm-university collaborations. 

motohashi, 2007274

17 Firms with multiple in-licensing agreements are more likely to attract revenue-generating 
alliances with downstream partners. 

Stuart et al., 2007275

18 Dense cluster location, alliances with local research institutes, and a central position in 
national research network drive int. research alliances. 

Al-laham & Souitaris, 
2008276

19 Firms use different organizational modes for relationships with different partner types with 
the aim to exploit technologies and knowledge. 

bianchi et al., 2011250

20 Collaboration and the factors that support it are an important factor driving product 
innovation. 

bagchi-Sen, 2004277

table 13: Absorptive Capacity – Distilled conversations (no subcategories)

absorptive capacity Study

1 biotechnology firms differ in their ability to benefit from collaborative relationships based 
on their internal technological knowledge. 

Arora & Gambardella, 
1994278

2 This is a strong correlation between the diversity of firms’ development efforts and the 
success probability of individual projects. 

Cockburn & Henderson, 
2001281

3 Portfolio characteristics and absorptive capacity jointly influence innovation performance. George et. al., 2001282

4 Firms need a certain level of employee skills and r&D continuity to internalize the external 
knowledge that has been acquired. 

Xia & roper, 2008279

5 Absorptive capacity enriches work with experts. Fabrizio, 2009283

6 Knowledge breadth and centrality of r&D structure positively influence its absorptive 
capacity, its propensity to form alliances. 

Zhang et al., 2007280
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aLLiances/cooperaTion/coLLaBoraTion

Alliances/Cooperation/Collaboration is a collection of 
51 publications that focus on various benefits, challenges 
and dynamics relevant to this industry in the formation 
and managing of alliances and various forms of coopera-
tion. As shown in Table 12 below, these can be divided 
into 4 subcategories:

Spatial Proximity Factors are a grouping of 3 publi-
cations that focus on the dynamics that govern the func-
tional and geographic proximity in biopharmaceutical 
firm relationships. In sum, these publications help to 
understand the relationship between the type of knowl-
edge being shared and its associated need to be geograph-
ically close. That is, the sharing of tacit knowledge tends 
to require closeness whereas encoded knowledge is not 
as sensitive to this and can be effectively shared between 
alliances over much greater geographical areas.232,233

Benefits of Relationships comprises 14 publications 
that address the benefits that firms derive from various 
manner of cooperative relationships. One key area of 
consensus among these authors is the multiple benefits 
that an academic relationship can bring to a commercial 
biopharmaceutical company including access to com-
mercially viable innovations, talented human resources, 
and lower R&D costs.234,235 Another, similar to that 
above, is the general benefit firms derive from formal 
and informal cooperations with each other including the 
development of new tacit knowledge and complementary 
capabilities.1,236

Governance and Relationship Management is made 
up of 14 publications that focus on the how firms that 
are in alliances manage key important aspects of their 
relationships with other firms. These include a focus on 
how to protect against opportunism, where Deeds & 
Hill237 find the use of close relationships more effective 
than contractual means or hostage equity positions and 
where Filson & Morales238 find that an equity position 
serves as an effective trust substitute. It also includes 
a large grouping of specific research on control rights 
in alliances, where Baraldi & Strömsten239, Lerner & 
Merges240 and Panico241 discuss the dynamics of align-
ing and implementing mechanisms of control between 
cooperating firms. 

Dynamics of Relationship Formation is a grouping 
of 20 publications exploring various dynamics of alli-
ance formation (previous categories focus on the benefits, 
not on the process/dynamics). These publications include 
various factors influencing alliance decisions including 
what key issues influence organizations to enter into 
alliances such as opportunities for learning and growth 
or attempts to maximize product development perfor-
mance242,243, key internal firm issues and capabilities that 
influence alliance choice such as governance capabilities 

or appropriation culture244,245 and issues affecting alli-
ance partner selection such as a demonstrated history 
of value creation and in-house innovation.246,247 This 
subtopic also includes research on other issues includ-
ing changing norms in commercial academic relation-
ships248,249 and a typology of organization mode choice 
for alliances.250

aBsorpTive CapaciTy 

Absorptive Capacity consists of 6 publications that 
address the enabling effects that the breadth and depth of 
a firm’s existing technical knowledge plays on its ability 
to utilize external knowledge. This includes for example 
research on how absorptive capacity enriches collab-
orative relationships278,279 and a publication on the fac-
tors that drive a firm’s absorptive capacity such as broad 
knowledge base and centralized R&D organization.280

dynamics of InvesTmenT InTeresT 

Dynamics of investment Interest is a grouping of 13 pub-
lications that focus on various issues and factors that 
drive investment interest from stakeholders into biophar-
maceutical firms. The largest grouping focuses on factors 
that drive investment interest from potential alliance 
partners. These factors may include having a product late 
in the development stage or approval process284 or will-
ingness to give the larger partner management control.285 
Other groupings include a focus on what factors drive 
venture capital investor interest such as close relation-
ships and geographic closeness.286 See Table 14 below.

cLusTers

Clusters is a group of 17 publications that focus on the 
prerequisites and factors important to geographic cluster 
formation and the benefits associated with participat-
ing within them. These include the co-existence of both 
world-class scientific resources with the complementary 
business resources to translate this knowledge into a 
commercial product.297 This pooling of resources focused 
on similar technology development provides firms the 
advantage of a common labor pool and access to key mar-
kets and customers298 and importantly access to key basic 
research.299,300 Moreover, as is present in other catego-
ries, this category also includes research on how national 
institutional frameworks affect clustering301 and includes 
research that shows how information flows and relation-
ships within a cluster are a holistic group of interacting 
and overlapping dynamics.302,303 See Table 15 below.
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neTworking

Networking is collection of 16 publications that focus on 
key dynamics of network formation and factors impact-
ing a firm’s utilization of these networks. See Table 16 
below. In general, this collection of research makes clear 
that many factors exist that affect network formation in 
the biopharmaceutical industry and that network par-
ticipation drives firm success. Key among these include 
the role that academic inventor-scientists play, through 
not only their own direct human capital contribution to 
a firm, but also through the contribution of their impor-
tant social capital by which firms gain credibility and 
access to the greater network.314 Indeed, the strength 
of this social capital can be considered an important 
strategic resource.315 This collection of research also 
makes clear that as a firm’s network develops, a special-
ized sub network develops which increase the options 
and opportunities to firms.316 Particularly interesting is 
Owen-Smith & Powell’s317 use of a channel and conduit 

metaphor to describe the different types of knowledge 
spillovers that occur through network participation.

dISCuSSION

Through a systematic literature review, this research 
has identified, reviewed and categorized 305 academic 
research publications between the years 1976 and 2013 
that are highly relevant to understanding the dynamics 
for business model innovation in the biopharmaceuti-
cal industry. Through the 12 separate areas of research 
identified, key issues for understanding business model 
innovation have been highlighted, and five specific areas 
of opportunity have been proposed.

table 14: Dynamics of Investment Interest – Distilled conversations (no subcategories)

dynamics of investment Interest Study

1 Foreign alliance partners are attracted more to products late in the approval process 
rather than products already approved or early stages. 

Coombs & Deeds, 2000284

2 Among other trends, collaborations are moving away from buying the golden goose 
and instead buying the egg. 

belsey & Pavfou, 2005287

3 Despite public investment interest in biotechnology waning, venture capital remains 
steadfast in its interest. 

lee & Dibner, 2005288

4 Alliances where the firm has greater management control are associated with greater 
acquisition of financial capital by the biotech firm. 

Gopalakrishnan et al., 
2008285

5 Different risks attract different investor types. Champenois et al., 2006289

6 relationship between r&D and finance are based on ties fostered in regions with 
extensive two-way communication among parties. 

Powell et al., 2002286

7 Financial markets invest in firm-specific capabilities. Deeds et al., 1997290

8 Companies with deep therapeutic product pipelines protected by sound IP are 
becoming ever more attractive targets for m & A. 

Sowlay & lloyd, 2010291

9 legally independent affiliates of biotech companies, special purpose entities, once 
supported the development of several blockbuster drugs. 

Schiff & murray, 2004292

10 Venture capital firms play a more pronounced role in fostering successful firm exit than 
new firm entry. 

burns et al., 2009293

11 Founding Angels (vs. business Angels) could be a financing model solution. Festel, 2011294

12 FDA regulation is preventing innovative firms from economic success in the 
marketplace.  Thus they should seek out a variety of financing options. 

roberts & Hauptman, 
1987295

13 Though Phase II seems the optimal time for drug licensing, more value may be 
captured if done earlier. 

Kalamas & Pinkus, 2003296
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opporTuniTy for InnovaTion: key Issues 
for undersTanding

This research has revealed that a necessary prerequisite 
to understanding the opportunities for business model 
innovation in this very complex industry is to first under-
stand the reason for the prevalence of this industry’s 

historic business models and key national level differ-
ences that are affecting its innovation and commercial-
ization success.

From its beginnings in the 19th century, the modern 
biopharmaceutical industry started as an industry using 
stochastic trial and error oriented research methods 
based primarily on chemistry and later organic chemis-
try. During this time a fully integrated business model 

table 15: Clusters – Distilled conversations (no subcategories)

Clusters Study

1 The main agent of attraction to new firms to enter a cluster is the presence of a 
strong science base at that location. 

Prevezer, 1997304

2 The generation of a successful regional cluster requires the existence of high 
scientific talent and factors to commercially translate this knowledge. 

Audretsch, 2001297

3 Companies active in the same technology, cluster geographically due to easier 
access to agglomerated resources. 

Niosi & bas, 2001298

4 Industries cluster because of difficulty to leverage the social ties necessary to 
mobilize essential resources when they reside far from those resources. 

Stuart & Sorensen, 2003305

5 Policies that complement networking initiatives with an analysis predicted on 
marketplaces may increase the innovative capacity of clusters. 

Casper & Karamanos, 2003306

6 Due to many factors, biotech firms in Israel tend to cluster around leading research 
institutes. 

Kaufmann et al., 2003299

7 Active regional science policy is beginning to prove a key precondition for regional 
development visions in the knowledge economy. 

Cooke, 2004307

8 Firm location to a cluster has much to do with access to the frontier of knowledge. mytelka, 2004300

9 It takes a whole community to build a biotechnology cluster but once built; the 
cluster can achieve a sustaining life that strengthens itself. 

Nelsen, 2005308

10 Sustainable clusters are linked to the existence of dense social networks across key 
personnel supporting career mobility. 

Casper, 2007309

11 Cluster advantages arise only after some years of existence in a cluster, and the 
companies have learned ways to “grasp” cluster advantages. 

Geenhuizen et al.,  2007310

12 For multiple reasons, it is advantageous for Smes in France to cluster around its 
industrial/academic nexus. 

lemarié et al., 2001311

13 r&D localization is highly influenced by the comparative advantages assessed on 
national institutional framework structures and dynamics. 

Jommi & Paruzzulo, 2007312

14 The foundation and growth dynamics of biotech firms in the bioregion rhine-
Neckar Triangle are a function of factors unique to Germany. 

Krauss & Stahlecker, 2001301

15 Dynamic regions are characterized both by dense local social interaction, 
knowledge circulation and strong out of region connections. 

Gertler & levitte, 2005302

16 Clusters are larger than their core industries and encompasses complementary 
agents cutting across industry affiliations. 

Waxell, 2009303

17 Clusters should not be seen as isolated but as integrated into the biosciences 
research, medical and healthcare systems. 

Cooke, 2005313
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(FIPCO) prevailed. Among the key reasons for this were 
the knowledge accumulation advantages that large econ-
omies of scale and scope gave an organization when all of 
its knowledge was contained and containable “in-house.” 
Indeed, as evidenced through the successive and overlap-
ping Kondratiev type long waves of technological focus, 
that Achilladelis & Antonakis38 extensively describe, the 
FIPCO model was well suited in its ability to allow the 
pharmaceutical industry to take advantage of its evolu-
tionary accumulated expertise in organic chemistry and 

channel it toward the discovery of new products and 
product classes.

Then, starting in the late 1970’s everything changed 
with the appearance of the first biotechnology-based 
medical therapies. Their presence and utilization rep-
resented a conundrum for organic chemistry based 
pharmaceutical companies. On the one hand, this new 
technology offered them an opportunity to bring new 
innovative therapies to market by offering a complemen-
tary alternative to their prevailing random discovery 

table 16: Networking – Distilled Conversations (no subcategories)

Networking Study

1 Academic scientists are a key factor in firms because they mediate social capital 
which drives embeddedness in the scientific community. 

murray, 2004314

2 Geographic propinquity and organizational form alter the flow of information 
through a network. 

owen-Smith & Powell, 2004317

3 The indirect network position of a firm (or the position of the firm within its network 
of indirect ties) is an intangible strategic resources. 

Salman & Saives, 2005315

4 even weak contacts with universities are conducive to transferring technology from 
research to industry thus enhancing tech innovation. 

roberts & Hauptman, 198633

5 Subnetworks condition the choices available thereby reinforcing an attachment 
logic based on differential connections to diverse partners. 

Powell et al., 2005316

6 external sourcing is not always a function of strategy but can also be opportunistic.  
moreover, it is not always reliable as a source. 

lane & Probert, 2007318

7 The science-technology base, research funding, firms’ business models, and 
competitor strategies account for biotech networking patterns. 

Hendry & brown, 2006319

8 The structure of the r&D network in pharmaceuticals is driven by a combination of a 
purely random and a cumulative process of growth. 

riccaboni & Pammolli, 2003320

9 Within the bioNet (bavaria) regional network, many companies are only loosely 
connected to the network’s dense core. Core-Periphery Structure. 

rank et al., 2006321

10 Firms with high exploratory innovation output have short path indirect access to 
many firms and operate in dense industry alliance networks. 

Karamanos, 2012322

11 The “open architecture” of biotech firms facilitates product development. However, 
the lack of a well-developed governance structure poses risks. 

Powell, 1999323

12 Participation in networks is found to vary according to the firm’s size, stage of 
development and its sector of activity. 

Traoré, 2006324

13 Interfirm r&D partnerships are increasing in prevalence. Now, pharmaceutical firms 
dominate the centrality nodal positions. 

roijakkers & Hagedoorn, 
2006325

14 exposure factors involved in the network development occur as a result of the firm’s 
existing network and networking resources. 

Kaufmann & Schwartz, 2009326

15 by staying responsive to developments in networks, firms are ready to act on 
network resources when windows of opportunity appear. 

Tolstoy & Agndal, 2010327

16 The coordination of networks can be specialized, with the emergence of Dedicated 
Coordinating Firms.  

Sabatier et al., 2010328
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based methods and potentially a way to reduce the time 
and cost to bring a therapy to market approval. However, 
it also exposed a disruptively innovative threat since bio-
technology companies using these new therapies could 
themselves develop as an independent and competitive 
industry. Indeed, this threat was quite real since the 
prevailing FIPCO models that had been so successful 
for them for over 100 years would not necessarily pre-
vail in this new fragmented technological environment. 
FIPCO models were built on the advantages of having a 
very deep knowledge in predominantly one key techno-
logical area, organic chemistry. This R&D was conducted 
mostly within the walls of their own organizational R&D 
units with only relatively limited need to be actively 
engaged with external research centers around the world. 
However, a shift to an externally focused R&D paradigm 
was exactly what this new decentralized biotechnology 
focused world was requiring. Biotechnologies, (initially 
molecular biology and genomics) were a new complex 
knowledge base and required such adaptive responses 
that firms could capture only fragments of the new tech-
nologies.41 In addition, it was dispersed in universities 
and basic research centers around the world. As a result, 
small specialized product and service firms were best 
suited to develop and commercialize these new various 
biotechnologies, leading to what Pisano3 would call an 
archipelago of specialization.

Complicating matters was that all countries were not 
equally ready to take advantage of these new technolo-
gies. Because these new biotechnologies follow a co-evo-
lutionary progression of scientific, technical, industrial, 
clinical and regulatory changes, the institutions gov-
erning these respective changes must coordinate their 
efforts.40 However, national institutional structures and 
national institutional culture play an important role in 
how scientific institutions and commercial entities coor-
dinate and respond to new technologies. As countries 
typically differ on welfare systems, employment law and 
conventions, training systems, financial markets, and 
legal systems92, the comparative mix of these factors 
affect the relative rates of innovation and the fertility of 
different types of business models.

One key aspect of this is the important role that aca-
demics perceive themselves to have in commercializing 
their technologies and, in turn, how active universities 
are in seeking commercial opportunities for the science 
that derives from their personnel. In general, U.S. univer-
sities have a strong culture of collaboration with indus-
try, European universities less so.43 Moreover, the direct 
involvement of European academic researchers in com-
mercial endeavors is relatively limited versus that of the 
US researchers.54 This is an important key in the under-
standing the opportunities for business model innova-
tion in this industry due to the cultural and structural 

roadblocks that exist. If an academic scientist has little 
desire to pursue anything other than his or her own 
career enhancing publications or the university fails to 
provide a healthy level of support in pursuing IP protec-
tion for its researchers’ discoveries, many important ideas 
and innovations may never see the commercial “light of 
day. Indeed, this relationship to academia is a particularly 
important topic of interest due to the changing Mertonian 
norms and dualisms of relationships caused by tradition-
ally “independent” academia becoming more intertwined 
with biopharmaceutical commercialization.248

Intertwined within these academic perceptions are 
the national level legislations that influence the private 
commercialization of publically funded research. In the 
U.S.A., among many key legislations that have been his-
torically instrumental in the lead-up to its present abil-
ity to be a world leader in biopharmaceutical innovation 
and commercialization are the 1862 and 1890 Morrill 
Act leading to applied science focused land grant univer-
sities99,329, 1980 Baye-Dole Act which opened the way for 
federally funded research to be owned and commercial-
ized by the inventor50, the Diamond vs. Chakrabaty rul-
ing by the US Supreme Court that genetically engineered 
life forms were patentable87, and the 1984 NASDAQ list-
ing requirement reforms.39 Though the U.S.A. has been 
the leader in enacting these liberalizing governmental 
actions, other nations are only slowly following suite. 
These include, for example, Germany’s 2002 adjustments 
to its Arbeitnehmererfindungsgesetz (ArbnErfG), its 
employee discovery law which attempted to create Baye-
Dole Act similarities.v

Another key national structure issue affecting the 
fertility of business model innovation is the relative 
strength of a nation’s private equity investment market. 
With a relatively weak equity capital investment market, 
such as those of continental Europe where bank driven 
forces prevail, new start biopharmaceutical companies 
are challenged to find the large amount of investment 
capital needed. This leads to a prevalence of choosing 
business models that are service or platform based since 
they require less capital versus a therapeutic development 
focused model. Lastly, is the role played by differences 
in national labor markets. From an industrial perspec-
tive, small and medium-sized enterprises need flexibil-
ity in their labor resources since a company may need to 
react quickly to an opportunity or threat. Therefore, the 
relatively protected and less flexible labor markets of the 

v Unlike the Baye-Dole Act which moved the ownership of 
an invention closer to the inventor themselves, the 2002 
ArbnErfG changes moved the ownership to the employer 
with the promise of employee compensation upon 
successful IP licensing/sale.
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world outside of the US can be a challenge to a firm that 
needs to quickly downsize.

five Areas of OpporTuniTy for Business 
ModeL InnovaTion

External orientation

By far the most common theme identified in this research 
is how important an external orientation is as a source of 
advantage in the modern biopharmaceutical industry. 
Specifically, this includes openness to sharing and min-
ing for ideas outside of the firm through a focus on col-
laboration and learning. This is in stark contrast to the 
historical role that a full vertically integrated business 
model played as an advantage for success in this indus-
try with its relatively stronger internal focus. Indeed, 
this body of research is highly focused on gaining the 
advantages of full vertical integration but as a decen-
tralized entity through optimizing the advantages and 
efficiency of diverse relationships to attain the same end 
and at a lower cost. As mentioned earlier, 5 show in their 
research that when the knowledge base of an industry is 
both complex and expanding, and the sources of exper-
tise are widely dispersed, certainly the case for today’s 
biopharmaceutical industry, the locus of innovation will 
be found in networks of learning, rather than in indi-
vidual firms. Thus, the cumulative data from this review 
appears to show that a firm’s ability to thrive in this net-
work will be influenced by its ability to operate with a 
business model that competitively excels in its effective-
ness to operate with an external focus.

Learning capabilities

Now, key to this ability to operate externally is a capa-
bility to recognize and absorb new opportunities when 
they appear and to learn cumulatively over time.110 This 
is driven in part by the scope and coherence of a firm’s 
knowledge base201 which follows an evolutionary path 
dependency of successive experiences and endeavors.202 
This absorptive capacity is critical to innovation success. 
It is a key factor that allows a firm to recognize, assimi-
late and to exploit different types of knowledge282 and is 
often the differentiator for success among firms. Thus, 
it is not only important to develop broad and deep net-
works with external experts but more so, it is important 
to improve absorptive capacity to utilize this expertise. 
Thus a business model must include a strong network 
development and maintenance capability. This should 
include relationships with stakeholders at all levels of the 

industrial value chain especially with those in academia 
as it provides a strong source to commercially viable 
innovations, knowledge spillovers and talented people.234

Of particular importance in this ability are policies 
focused on developing a well networked technical team on 
both formal and informal levels177 and a team that is com-
mitted to broadening their learning so as to enhance their 
absorptive capacity to capture knowledge spillovers.193 
Included in these policies, for example, should be assur-
ances that this team consists of the right composition of 
scientist types, what Stokes330 and Subramanian195 call 
“Pasteur” scientists and “Edison” scientists. “Pasteur” sci-
entists are applied scientists who also have a strong basic 
research focus. Their higher publication rates give a firm 
better informal access to university-based academic sci-
entists. “Edison” scientists, on the other hand, are pure 
applied researchers. They excel at patenting and translat-
ing basic research. This recognizes that a firm’s scientists 
are not homogenous and that they play different roles in 
the knowledge production process and interact differ-
ently with the knowledge absorption process. Indeed, the 
findings of this research have been consistent with how 
this importance can not be understated since it is a criti-
cal dynamic to the virtues of solid network development. 
The value of a key scientist is not just that of his scientific 
capital contribution but also that of his social capital. 
This helps not only with obtaining greater embeddedness 
within relevant networks and the scientific community 314 
but also with conveying a signal of confidence to other rel-
evant stakeholders such as investors and alliance partners.

Cluster participation

Complementary to the development of these learning 
capabilities is firm location, particularly a location that is 
close to a strong and technologically relevant biocluster. 
Such, a cluster is one that is anchored by a strong science 
base typically represented by a top science university or 
universities304 whose gravity attracts the complemen-
tary orbit of multiple other stakeholders necessary for 
commercial success. These stakeholders include finance 
resources, a local supportive government providing fer-
tility enhancing resources297, access to markets and cus-
tomers298 and generally a dense social network of key 
personnel that, among other advantages, supports access 
to a stable common labor pool through its provision of 
career mobility and sustainability.309 Thus, the impor-
tance of cluster participation will remain particularly 
critical as the trajectory of business models continues to 
follow a decentralization pattern of specialized players 
relying on alliances and outsourcing.
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Qualified business management team

Though much of the research revealed in this review is 
focused on the importance that an external orientation 
and acumen plays on firm success, including the impor-
tance of key characteristics of the technical and scien-
tific team, a clear separate body of work is focused on the 
importance that a qualified independent management 
team plays on the ability to commercialize innovations. 
In this industry, this is indeed of critical importance 
since, even with an innovative new technology, a com-
pany may still fail commercially without the right 
management expertise on board. However, it can be a 
significant challenge for a cash-strapped new start bio-
pharmaceutical company to obtain and retain top com-
mercial expertise due to the lack of financial resources 
and also to the perceived career threat to that person of 
onboarding such a high-risk endeavor. However, though 
the research from this review shows that these challenges 
can be mitigated through the use of strategic alliances 
and a strategy focused on strong network development156, 
the shortage of qualified, experienced business managers 
remains a problem.

Organizational controls

Lastly, this research reveals that effective organiza-
tional controls are critical for any business model to be 
effective in this highly complex and high-risk industry. 
These controls will be an important tool to address both 
internal and external dynamics of survival and success. 
Internally, they are important to enhance communica-
tion and knowledge proximity across the firm.225 For 
example, the use of stage gates can be used to channel 
creativity and reduce risk196 including prudent resource 
allocation. Externally, in the increasingly fragmented 
nature of this industry, many challenges have to be over-
come if indeed a firm is to operate at similar economies 
of scale and scope as would a fully integrated company. 
They include the tendencies toward opportunistic behav-
ior that exists in alliances and relationships.2,237 Thus, in 
addition to formal mechanisms to dissuade this behavior 
such as the use of contracts or ownership equity posi-
tions,238 companies will need to develop other creative 
mechanisms to complement these tools.

CONCLuSIONS

This paper systematically captures and inductively 
explores a defined set of academic literature for insights 
into how the biopharmaceutical industry, through the 
use of business model innovation, could continue to 

drive its technical innovation toward new and inno-
vative therapies while at the same time reduce the sig-
nificant costs and time to market. What is found is 
that although no “magic bullet” of a single clever new 
business model has been revealed, five areas of oppor-
tunity have been identified that could be the source of 
incremental innovation in this area. Continued focus in 
these five upstream value chain areas have the ability to 
unleash greater potential value from networked collabo-
ration among the widely scattered sources of expertise in 
this industry including the ability for a firm to recognize, 
functionally absorb and utilize the fruits of these col-
laborations and govern the required process successfully. 
However, as this research reveals, any innovation must 
incorporate national institutional structure limitations 
on these innovations, such as the creation of appropri-
ate incentives for academic researchers to push out their 
IP while simultaneously addressing their career linked 
publication needs.

FuRtHER RESEARCH

Like explicit research on business models as a stand-
alone concept, business model research in the biotech-
nology industry is still relatively young. Indeed, this 
research reveals that only since the year 2000 have busi-
ness models been an explicit focus in biopharmaceuti-
cal research. Moreover, of the 68 publications identified 
in this systematic review that specifically use the word 
“Business Model,” there remains no clear consensus of 
what exactly is meant by this term, some implicitly mean 
revenue model, others mean strategy while others are 
referring to organizational structure. Therefore, this field 
could benefit by research focused on the comprehensive 
defining nature of the biopharmaceutical business model 
itself versus a specific component or dynamic of it. Also 
useful would be empirical comparative research on per-
formance dynamics between business models, especially 
relating to external cooperation mechanisms with longi-
tudinal or geographical components.
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INtROduCtION

The future development of biotechnology 
depends on bioinformatics. The enormous 
amount of data or information generated using 

modern biotechnology techniques needs to be effec-
tively used. Bioinformatics tools can help store, manage, 
access and process the accumulated information. Thus, 
it is imperative for the biotechnologist to learn about 
bioinformatics tools to effectively use them in research. 
Commercialization of bioinformatics tools like data-
bases, software, hardware and algorithms involves many 
competing interests since the commercial opportunities 
in genomics, proteomics, and pharmacogenomics have 
attracted pharmaceutical, biotechnology and IT giants.1 

Successful protection of innovations in bioinformatics, 
through intellectual property protection, is crucial to 
the continued advancement of the field of bioinformatics 
and the commercial viability of the businesses.

We have already witnessed the problems like deny-
ing access to patients for diagnosing cancer because of 
patents granted to BRCA genes, emerging from lower-
ing of the standards of patentability criteria for accom-
modating new technologies like biotechnology and 
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computer-related inventions.1 This paper examines the 
problems and complexities created by the patent regime 
and the challenges posed by accommodating new tech-
nologies like bioinformatics in the traditional patent 
framework. In the context of bioinformatics patent 
applications filed in the Indian patent office it has to be 
examined how patentability standards been applied by 
Indian Patent office in case of bioinformatics patents.

BioinformaTics – a BLend of 
BioTechnoLogy and informaTion 
TechnoLogy

Bioinformatics techniques involve the algorithms and 
programs that run everything from a spot-picking 
microarray machine (simple), to a genome-wide Blast 
search (medium), to complex protein modelling soft-
ware packages (advanced) that distinguish bioinfor-
matics from other scientific disciplines such as biology, 
computer science, mathematics, etc.3 PERL, BSML (bio-
informatics sequence markup language),4 BIOML (bio-
polymer markup language)5 and PYTHON6 (which is a 
complete subject-oriented scripting language) are some 
of the languages used in the above-mentioned computer 
program. Super computers are used in bioinformatics 
for creating algorithmic models that mine databases of 
DNA sequence information7 A large number of studies 
have concentrated on genomic algorithms (GAs) to pro-
cess microarray data.8
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A simple bioinformatics technique is a blend of IT 
and biotechnological techniques. For example, in a given 
nucleotide sequence, the probable amino-acid sequence 
of the encoded protein can be determined using transla-
tion software. The sequence research technique helps to 
find the homologues to model the structure of the spe-
cific protein on experimentally characterized structures. 
Finally, docking algorithms could design molecules that 
bind to the model structure, leading the way for bio-
chemical assays to test their biological activity on the 
actual protein and finally to development of the desired 
drug.

Thus, these programs or algorithms as well as soft-
ware and hardware form the basis of most bioinformat-
ics techniques and they underpin most of the sequencing 
projects. Patents on bioinformatics are typically those on 
process or method and, relating in some aspect to com-
puters or software and being typically associated with the 
catch phrases “data mining” or “predictive modelling.”9 
This includes lines of code and algorithms that relate to 
an application, specially designed hardware, software, 
data structure and the user interface.

imporTance of BioinformaTics and iTs 
appLicaTions

Bioinformatics is a computer-assisted interface disci-
pline dealing with the collection, compilation, storage, 
management, access, processing and representation 
of information in order to understand life processes in 
healthy and diseased states and find new treatment tech-
niques or better drugs.10 If most of the preliminary data 
can be gathered via bioinformatics research efforts the 
cost involved in DNA sequencing can be substantially 
reduced, along with the need for testing on cells and 
animals.11

The field of genomics and proteomics relies on bio-
informatics, i.e., automated protein and DNA sequenc-
ing technologies that enable life scientists to transform 
an enormous amount of complex biological data into 
useful information.12 In addition to gene prediction 
(genomics) and genome architectural analysis, bioinfor-
matics resources and tools have been applied to under-
stand pathogen genomes for the discovery of virulence 
factors and effective drug targets, for the identification 
of human disease genes, for the general understanding 
of the genome expression, as well as for the realization of 
the concept of personalized medicine (pharmacogenom-
ics).13 Thus, genomics,14 pharmainformatics, pharma-
cogenomics and proteomics, as well as other emerging 
areas such as metabolomics, transcriptomics and com-
puter-aided drug design research,15 are the products of 

bioinformatics and have transformed this field of life sci-
ence from an academic undertaking to a massive com-
mercial endeavour. Thus, bioinformatics contributes 
significantly to the field of medicine, agriculture, drugs 
and pharmaceutics.

converging naTure of BioinformaTics 
paTenTs – concerns of uspTo

As inventions through bioinformatics are basically soft-
ware tools and related methods, they will be dealt with 
in the same manner as computer-related inventions. 
However, the problem lies in the fact that these inven-
tions are basically biological/genomic data or structural 
patterns in a computer readable medium. The software 
helps to process and analyse these genomic data and 
integrates them into useful information to find solutions 
in the biomedical sector, such as for developing drugs. 
Hence, the guidelines related to biotechnological inven-
tions are also applicable. So far, no guidelines related to 
bioinformatics patents have been developed. However, 
the USPTO has responded to the challenge of examining 
applications for bioinformatics patents by establishing 
in 1999 a new Art Unit (1631) to deal with such claims. 
They developed a collection of bioinformatics patents by 
searching prior art in likely classes and provided spe-
cialised training for examiners in the field.16 This newly 
established Art Unit 1631 sought to identify prior art in 
bioinformatics patents by more specific selection of sub-
classes (for example, patents related to data structure) 
relevant to bioinformatics to avoid irrelevant patents.17 
In 1998 the USPTO published “interim written descrip-
tion guidelines” for the purpose of providing a general, 
systematic legal analysis for examiners to review appli-
cations. This was superseded by the 2001 Guidelines for 
Examination of patent application under 35 U.S.C s.112 
on written description requirements. At present USPTO 
is following the 2008 revised written description train-
ing materials for examining bioinformatics patent appli-
cations. By using all these guidelines USPTO is trying 
to tackle the problems facing bioinformatics patents. 
However, there is no guarantee that bioinformatics pat-
ents will be assigned to Art Unit 1631; sometimes it may 
be assigned to the computer Art unit 1600. Thus, no con-
sistency is assured in examinations, which depends on 
the nature of the claims.18

BioinformaTics paTenTs: The us approach

As inventions in bioinformatics are basically computer 
applications – implemented protocols or software for 
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collecting, storing, processing or analysing biological 
data converging with biotechnology – one has to deter-
mine to what extent the guidelines related to computer-
related inventions are suitable for determining the 
standards of patentability for bioinformatics inventions. 
The US courts and the patent office have struggled with 
the changing technological landscape that computers 
and biotechnology have introduced in the patent regime 
in the US since the decision in Diamond v. Chakrabarty 
and later in Diamond v. Dier.19 However, later numer-
ous patents were granted in the US even for patents per-
taining to business methods. The increasing number of 
patents on incremental innovations affected the public 
interest. The US courts on realising the danger reaf-
firmed the TSM Test in the KSR case. Again in In rebil-
ski20 the court affirmed the ‘machine or transformation’ 
test. The implication of this test is that it will invalidate 
all patents on incremental innovations, like business 
method patents, software patents and advanced biologi-
cal method patents, and thus, inevitably, bioinformatics 
patents too.

Algorithms, which consist basically of instruc-
tions, are not patentable.21 Although claims relating to 
computer-related processes1 were rejected by the court 
on the grounds that they were directed at the method in 
the abstract without regard to a particular physical sub-
stance in the cases of Gottschalk v. Benson22 and Parker 
v. Flook23, in Diamond v. Dier24 the Court adopted a 
strange interpretation and held that if a claim describes 
a structure or process for implementing or applying a 
formula and the structure or process performs a patent-
able function such as transforming an article from one 
form to another then it could be patentable by appre-
ciating the claim as a whole25. The Court further held 
that inclusion of mathematical algorithms in claims per 
se will not preclude them from being treated as a sub-
ject matter for assessing the standard of patentability26. 
This means that functions of basic software tools like 
algorithms could be patented if one could transform an 
article from one form to another using an algorithm. 
The test adopted by the patent office following the above 
decisions is generally known as the Freeman-Walter-
Albele Test. According to this test, in a computer-related 
invention involving a mathematical algorithm in which 
the mathematical algorithm is directly or indirectly 
found in a claim, the claim is then further analysed as 
a whole to determine whether the algorithm is applied 
in any manner to physical elements or process steps.
In essence, claims relating to computer programs are 
patentable, if they are able to show a special purpose/
feature of a computer rather general purpose and are 
capable of giving useful, tangible and concrete results 
The application of this test opened the flood gates, which 
resulted in expanding the scope of protection in In Re 

Alappat27 & Arrhythmia Inc v Corazonicx Corp28. This 
principle was further diluted by the State Street bank 
case2 to include anything that can cater to practical use, 
leading to business method patents. Thus, the Court 
expanded the judicially created statutory subject mat-
ter to include laws of nature, natural phenomena and 
abstract ideas while confirming the use of the invention 
to derive a concrete, tangible result. The patents were 
granted even for biological databases, which comprise 
DNA sequences.30 This led to granting unnecessary 
monopoly, resulting in narrowing down of the public 
domain and stifling further innovations. Reacting to 
this the Supreme Court of the US reaffirmed the TSM 
Tests and set higher standards of patentability31. Since 
the 2007 decision in KSR32 the USPTO has been apply-
ing the restated TSM tests to bioinformatics inventions. 
Later in In re Bilski33 a machine transformation test was 
laid down as the governing test for determining the pat-
ent process, but the US Supreme Court held MOT as a 
useful test and not as the sole test. Thus, application of 
the TSM test34 and the transformation test35 sets higher 
standards in determining the ‘non-obviousness’.

The expansion of the subject matter of patents36 to 
accommodate biotechnology resulted in lowering of the 
patentability standards. The Grahams test37 was diluted 
and the USPTO started granting patents for ‘discov-
ery’ by the justification that human intervention makes 
natural things nonnatural. As a result, an increasing 
number of patents on EST, SNP and other research tools 
started creating problems and the USPTO fell into a 
dilemma38. This compelled the USPTO to apply more 
rigorous examination guidelines in this field, like “The 
written Description Examination Guidelines for bio-
technology in 1996”39 and the “2001 Utility Examination 
Guidelines and DNA patents of the USPTO”. The con-
ditions for satisfying utility are that the subject matter 
to be patented must be (a) specific40, (b) substantial41 
and (c) credible42. The Kirin Amgen case43 is a reflec-
tion of the problems faced by biotechnology patents, 
mainly the different methods to reach the same prod-
uct, which are really nonobvious to a person skilled in 
the art. Unlike chemical patents, in biotechnology even 
a small change will result in drastic results, which are 
really nonobvious.

BioinformaTics paTenTs – The chaLLenges

The method usually followed by the USPTO to deter-
mine patentability in the case of data structure encoded 
in a computer readable medium is based on guidelines 
on computer-related inventions. The USPTO had dis-
tinguished data structures that are not patentable44 
from a computer readable medium encoded with a data 
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structure that was considered patentable45. However, 
mere arrangement or compilation of data or facts stored 
so as to be read, or stored data that do not create any 
functional relationship (that is, nonfunctional descrip-
tive material), is not patentable.46 This was based on the 
reasoning that the encoded medium ‘defines structural 
and functional relationships between the data structure 
and the medium, which permit the data structure’s func-
tionality to be realized’. There seems to be no rationale 
for such a distinction, because an isolated DNA that 
encodes a specific protein is patentable provided it satis-
fies novelty and nonobvious criteria. At the same time, 
the same sequence embodied as a novel and nonobvious 
data structure per se is not a patentable subject matter 
even though, in essence, both are the same. Accordingly, 
USPTO has issued a patent for a computer readable 
medium encoded with a computer program for process-
ing and analysing biological data based on the guidelines 
on computer-related inventions.47 In the 1996 USPTO 
Examination guidelines on computer-related inventions, 
the criteria for patentability are that the invention should 
produce a useful, concrete and tangible result and that 
it must have technical effect/technical contribution.48 In 
the case of claims for data structure in computer read-
able medium, the structural and functional relation-
ship between the data structure and the medium has to 
be satisfied. As most of the bioinformatics inventions 
have technical applications, they can easily satisfy these 
conditions. In the case of bioinformatics patent claims 
for new methods or processes, which generally involve 
a practical application such as capturing 3-D images of 
protein structure and prediction of a protein structure 
using data mining technology49, it is possible to show a 
structural and functional relationship between the data 
structure and the medium. Thus, the eligibility criteria 
for the patent can be satisfied.

Another challenge faced by bioinformatics patents 
is the requirement of nonobviousness and the test of a 
person skilled in the art – that is, a bioinformatician. As 
bioinformatics inventions involve more than one technol-
ogy, difficulty lies in determining nonobviousness. The 
prior art may include both computer-related references 
and those involving the life sciences. As bioinformatics 
is a combination of computer science and life sciences, 
the prior art references could be both biotechnology- 
and computer-related patents, which have to be strictly 
complied with. However, the decision of whether a data 
structure on a computer readable medium is a func-
tional or nonfunctional descriptive material depends 
ultimately on the examiner. In bioinformatics, naturally 
occurring biological sequences are converted into digital 
sequences or can be said to be a mere discovery of exist-
ing sequences using a computer program. Thus, fixing 

the inventive step in the case of bioinformatics patents 
becomes crucial for the patent examiner.

The application of the Machine Transformation Test 
helps to preempt the use of fundamental principles such 
as business methods. However, how it could be applied to 
bioinformatics patents is unclear – whether a change in 
a single base of the digitized genetic sequence will come 
under the term ‘transformation’? Thus, the application of 
standards of nonobviousness in bioinformatics patents is 
yet be established by the USPTO. In addition, the lack 
of judicial precedents in bioinformatics patents makes it 
more challenging.

 Another challenge faced by patent examiners is 
with regard to the application of biotechnology- or 
computer-related invention guidelines in bioinformat-
ics patents, which depends on the drafting of the claims, 
either independently or in a combination of software 
and sequence claims. The nature of language used may 
be related to either biotechnology or computer, or both. 
The prior art reference in computer inventions relating to 
biological data seems inadequate to be applied for bioin-
formatics inventions. Gene sequences are thus patented 
as gene sequences stored in a computer readable medium 
using the software patent standards. Thus, bioinformat-
ics opened a way for patenting gene sequences.

Now care has to be taken not to repeat the problems 
like allowing ‘reach through’ claims i.e., (claims attempt-
ing to obtain protection for something which has not yet 
been invented). In bioinformatics the research tools are 
created using automated process and they are used as 
bioinformatics products as well as research tools.50 The 
claims for downstream developments are called reach-
through claims, i.e., the extent to which the patentee 
is entitled to derive benefit from downstream develop-
ments that result from use of the research tool.51 Usually, 
genomics-related claims are too general to meet the writ-
ten description requirements. Therefore, the require-
ment for patent specification must describe the claimed 
invention in sufficient detail that a person skilled in the 
art can reasonably conclude that the inventor had pos-
session of the claimed invention under the guidelines for 
the written description.52 The interpretation in University 
of California v. Eli Lilly53 will help the patent examiners 
insist on the applicants clearly describing the bioinfor-
matics invention.

As a result of the light of guidelines on computer-
related inventions, bioinformatics patents become eli-
gible for patenting, which otherwise may not have been 
if stringent conditions of nonobviousness and utility, 
such as substantiality, specificity, credibility and recent 
biotechnology patentability standards, are applied. This 
helps to narrow down the claims and the use of gen-
eral terms. Another important fact is the way of draft-
ing the claims and examining the same in the case of 
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bioinformatics patents. The analysis of some bioinfor-
matics patent applications reveals these problems.

BioinformaTics paTenTs in The us – an 
anaLysis

United States Patent 602365954 is a bioinformatics pat-
ent granted in 2000. This patent is related to a method of 
using a computer system to present information pertain-
ing to a plurality of biomolecular sequence records stored 
in a database. It is an indirect way of monopolizing the 
genomic database, which comprises basically natural 
biological sequences that have already been discovered 
and stored in a biological database in a digital form.

The databases are for storing and retrieving biologi-
cal information. They are never considered as having any 
substantial inventive step. In the US, patents were granted 
mainly to protect the investment involved in developing 
the database. However, in the EU, a sui generis protection 
for databases was developed. Therefore, the claim for the 
database itself does not satisfy the patentability criteria. 
However, the database must have special technical fea-
tures. In the case of biological databases, if we apply the 
machine transformation test on the basis of the DNA’s 
nucleotide sequence to both its natural biological func-
tion and the utility associated with DNA in its isolated 
form, no markedly different characteristics can be seen. 
Thus, it can be said that in the case of bioinformatics 
patents only the nature of the sequence is changed; that 
is, it is converted to an electronic form. Therefore, the 
claims are directed at unpatentable products of nature in 
the case of bioinformatics patents as well.55 On the basis 
of the DNA’s nucleotide sequence to its natural biologi-
cal function and to the utility associated with DNA in 
its isolated form there are no markedly different char-
acteristics. Another problem is similar to that faced by 
business method patents: how can the machine transfor-
mation test be applied to bioinformatics patents?

Some of the biomolecular sequences are grouped 
into a first hierarchy of protein function categories, with 
their biological functions corresponding to the biomo-
lecular sequences and matching one or more selected 
protein biological function categories with one or more 
biomolecular sequences. A computer system and a com-
puter readable medium must have program instruc-
tions to automatically categorize biomolecular sequence 
records into protein function categories in an internal 
database. The new sequences may be continuously com-
pared (e.g., using a BLAST algorithm) against external 
(e.g., public, such as GenBank) databases.

This claimed invention is only an improvement in 
relational database systems, and their content will help 

accelerate biological research for numerous applica-
tions. By examining the prior art reference of US patent 
5706498 relating to the “Gene database retrieval system”, 
it could be seen that a dynamic programming device for 
comparing key sequences with database sequences and a 
dynamic programming operation unit for determining 
the degree of similarity between target data and key data 
by utilizing the sequence data from the gene database has 
been claimed already. Thus, the application of the TSM 
Test to the said patent claims, that is, claims 1456 and 41, 
shows that there is a motivation or suggestion in the prior 
art, obvious to a person skilled in the prior art, and can 
be said to be an improvement rather than an inventive 
step.57 Hence, through the method of using a computer 
system a database having no inventive step gets patented. 
It would pass the technical contribution test but would 
not satisfy the nonobviousness requirement.

The US seems to have lowered the patentability stan-
dard and granted patents. Later, this approach by the 
patent office was strongly criticized by the US court in 
KSR v. Teleflex.58 The result of granting such patents is 
that basic tools such as the biological database, which 
is highly indispensable to unravelling the mysteries of 
biological science, were monopolized. This may affect 
further research and innovations in this field, by creat-
ing numerous right holders (.anti-commons problems).2 
Moreover, the genomic database contains the DNA 
sequence that must be kept in the public domain. It 
seems that the nature of the investment made in develop-
ing such a database and the commercial benefits that may 
be derived from licensing information from it prompted 
patent claims.

ImPlICatIoNS of the deCISIoN of bIlSKI’S 
CaSe59 & aSSoCIatIoN for moleCular 
Pathology V. uSPto60 oN bIoINformatICS 
PateNtS

The decision taken in Biliski’s case that the machine 
transformation test is not the only test to decide process 
patents had posed challenges to bioinformatics software 
patents, advanced biological method patents and diag-
nostic and other method claims. On one hand it helps 
invalidate all patents on incremental innovations such as 
business method patents and software patents, but on the 
other hand there is another possibility of interpretation 
of the US Supreme Court decision whereby considering 
the conversion of biological data into useful informa-
tion using bioinformatics techniques as ‘transformation’ 
is a threshold question to be answered. The recent deci-
sion taken in the Association for Molecular Pathology v. 
USPTO61 case is yet another important decision of the US 
Supreme Court that has implications on bioinformatics 
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patents wherein certain Myriad Genetics’ patents related 
to BRCA 1 and 2 breast and ovarian cancer susceptibil-
ity genes were invalidated. Here the claim was for iso-
lated DNA sequences and for methods of comparing 
or analysing gene sequences to identify the presence of 
mutations corresponding to a predisposition to breast or 
ovarian cancer. The court rejected the claims based on 
the fact that purified DNA sequences must be new and 
useful in order to be eligible; that is, they must possess 
‘markedly different characteristics’. Here, the existence 
of DNA in an ‘isolated’ form alters neither this funda-
mental quality as it exists in the body (ie., natural bio-
logical function of its ability to carry the information 
sufficient and necessary to code a protein as well as the 
utility associated with it) nor the information. Thus, the 
court came to the conclusion that claims are directed at 
unpatentable products of nature;62 that is, genes are not 
just chemicals, precisely because they carry information. 
Thus, the recent decision of the US Court on gene patent-
ing shows the setting of higher standards by the judiciary 
irrespective of the nature of the technology involved. 
Recently US courts especially in three cases ruled in 
favour of patients holding that a lower ourt’s decision that 
the diagnostic tests claims are ineligible for patenting 
under Supreme Court precedent. It reflects re thinking 
of judiciary’s earlier decisions and the way patentability 
applied by patent office. These cases are  In re BRCA1- 
and BRCA2-based Hereditary Cancer Test Patent 
Litigation (Myriad III; 2014), Ariosa v. Sequenom(2015) 
and  Genetic Technologies Ltd v. Merial  (2016); each 
case extends the reach of the Mayo decision for invali-
dating genetic diagnostic method claims. In the Myriad 
III  case, the Federal Circuit held that Myriad’s claims 
— which recited the specific mutations, primers and 
methods for detecting breast cancer-related mutations in 
the BRCA1 and BRCA2 genes — were invalid for reciting 
a law of nature (the association of specific BRCA muta-
tions with cancer predisposition) that was detected by 
“routine, well-understood and conventional” methods 
(PCR, sequencing and hybridization). This was followed 
by the  Ariosa  case, which involved claims to a blood 
test for detecting paternal DNA amongst cell-free fetal 
DNA (cffDNA) in maternal bloodNevertheless, the dis-
trict court invalidated these claims for reciting patent- 
ineligible subject matter and the Federal Circuit affirmed 
that decision. The rationale was the same as in Myriad III: 
the existence of cffDNA in maternal blood was a natural 
phenomenon, and the claim recited only conventional 
methods for detecting it. (Kevin noonan, Nature Review 
Drug Discovery, 2016) This kind of interpretation will 
satisfy the legislative intent without compromising the 
patentability standards.

BioinformaTics paTenTs: emerging issues 
in epo

Unlike the US there is no special examination unit for 
examining bioinformatics inventions in EPO. The stan-
dards of patentability are the same for all subject mat-
ter. Even though Article 52(2)(c) read with article 52(3) 
specifically excludes computer programs ‘‘as such’’ from 
being patentable subject matter,63 the EPO granted many 
software patents based on whether the invention pos-
sessed the proper ‘‘technical character’.64 According to 
the case law of the Boards of Appeal, a technical con-
tribution typically means a further technical effect that 
goes beyond the normal physical interaction between 
the program and the computer.65 However, later there 
was a shift in the contribution approach and the tech-
nical effect approach from the following decisions. In 
Vicom/Computer-related invention66 the claim relat-
ing to a method of digitally filtering data performed on 
a conventional general purpose computer was rejected, 
as the claim was held to define an abstract concept not 
distinguished from a mathematical method.67 However, 
claims on the method of image processing that used 
the mathematical method to operate on numbers rep-
resenting an image were allowed on the reasoning that 
the image processing performed was a technical (i.e. 
nonexcluded) process related to the technical quality of 
the image and that a claim was for a technical process in 
which the method used does not seek protection for the 
mathematical method as such.68 The Board stated that a 
technical process alters a physical entity and reasoned 
that the patent was sought for a technical process as the 
invention altered a physical entity, which was the image 
in question. With regard to the preemption argument, it 
stated that the use of a computer program to control the 
steps in a technical process was also patentable because 
protection was not sought for the program ‘‘as such”. 
‘Therefore, the allowable claims as such went beyond a 
mathematical method.’69 This type of interpretation was 
extended to the IBM/Data Processor Network70 where 
the Board of Appeal held that the invention was of suf-
ficient technical character, and it supported its patent-
ability because the invention was concerned with the 
internal working of processors and the way in which the 
particular application programs operate on the data.71 
In IBM/Computer-Related Invention (text processing),72 
the Board held that the signaling of conditions prevailing 
in a machine (word-processing machine) was a technical 
problem and was therefore patentable subject matter. In 
the Koch and Sterzel/X-ray Apparatus,73 the board went 
on to state that ‘‘when in time the technical effect occurs 
is irrelevant to the question of whether the subject matter 
claimed constitutes an invention under article 52(1) EPC. 

http://en.wikipedia.org/wiki/Appeal_procedure_before_the_European_Patent_Office
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The only fact of importance is that it occurs at all’’. Thus, 
it could be seen that even though the EU guidelines are 
restrictive in approach the contrary interpretation given 
to the “technical effect” or “technical contribution” by 
the board resulted in expansion of limits of patentability 
falling within the lines of the US.74

The EU Biotechnology Directive was implemented 
in European patent law. The EPO has introduced four 
new rules, Rules 23b to 23e, that set out general matters 
and define the meaning of biotechnological inventions, 
biological material, plant variety, microbiological pro-
cess and patentable biotechnological inventions, includ-
ing biological material isolated from their environment, 
even if known in nature. In Plant Genetic Systems 
application,75 the European Board of Appeal held that 
microorganisms would include not only bacteria, yeast, 
fungi, algae, protozoa, plasmids and viruses but also 
animal or plant cells and generally all unicellular enti-
ties with dimensions beneath the limits of human vision. 
In the light of the above interpretation, the standard of 
patentability of bioinformatics patents may be gauged. 
Bioinformatics inventions are mainly software tools and 
screening methods.

IMPLICATIONS OF THE DECISION OF 
ELI LILLY V. HUMAN GENOME SCIENCE ON 
BIOINFORMATICS PATENTS: The recent decision 
of the UK court in  Eli Lilly v. Human genome project76 
seems to be the first case in which the UK courts had to 
consider the circumstances under which patents on gene 
sequences could be allowed and laid down the principles 
to be followed to determine whether a given patent pos-
sesses industrial applicability.77 This decision seems to be 
only a beginning and had a direct impact on bioinfor-
matics patents. The decision highlighted the importance 
of knowing the function of the gene and amino-acid 
sequences at the time of filing the patent in order for the 
patent to be valid.78 Here the therapeutic protein discov-
ered by bioinformatics tools was really a breakthrough 
invention. However, mere prediction or speculation of 
the biological activity of the protein on the basis of the 
commonality of the family to which it belongs was insuf-
ficient to satisfy the test of industrial application. No one 
can accept such contentions, because a protein belong-
ing to a particular family may have some specific func-
tion or characteristics, other than the common features, 
that others may not have. This nature of the biological 
material differentiates biotechnology or bioinformat-
ics invention from other mechanical or pharmaceutical 
inventions. In short, it could be said that the decision in 
the Eli Lilly case is very helpful in deciding the claims for 
bioinformatics patents where gene sequences are discov-
ered without spending considerable time using special 
super computers. Thus, the claims for such sequences 
through computer-related methods such as screening 

methods are usually made for bioinformatics patents and 
for biotechnology inventions. In the light of the advance-
ment in technology and similar demanding situations, 
strict application of the utility/industrial application 
criteria is the need of the hour. Therefore, the care and 
caution taken by the judiciary in applying the patentabil-
ity requirements in their true spirit is really appreciable 
for maintaining the balance between private interest and 
public interest.

This could be illustrated by an example of the bioin-
formatics patent claims granted in the EPO. In the EPO 
patent EP 2052087 (A2),79 the said invention provides a 
genome-wide methodology for identifying single-nucle-
otide polymorphisms and mutations related to disease 
conditions, such as cancer. Specifically, the invention 
provides methods for detecting genome-wide mutations 
by successively amplifying sequence differences between 
two sample populations. From claim 180 and claim 2 it is 
clear that the diseased cell used is a cancer cell.81 Here, 
the invention provides methods for detecting genome-
wide mutations by successively amplifying sequence dif-
ferences between two sample populations but takes only 
cancer cells as the disease cell, which is evident from claim 
2. Moreover, general terms like “genome-wide mutations”, 
which means mutations in all genes. These are mere pre-
dictions of biological activity rather than specific claims82 
as pointed out in re fisher’s case83 There is a serious need 
to invalidate general claims and strictly apply specific 
and substantial utility criteria in biotechnology patents, 
which is the case in bioinformatics patents too. From the 
above-analysed bioinformatics patents it can be seen that 
the problems plaguing these patents persist even now. The 
implications of such patents in the case of emerging tech-
nologies like bioinformatics affect further research and 
healthy competition by allowing to monopolize natural 
biological materials under the guise of methods of identi-
fying mutations by using general terms and the like.

Claim 2 of the said patent tries to cover mutations 
in every gene other than the gene responsible for can-
cer, which should not be allowed. The invention also 
provides methods for diagnosing, treating or preventing 
disorders associated with such genome-wide mutations. 
Methods for diagnosing, treating or preventing disorders 
resulting from such mutation are also covered. Thus, by 
way of claim formulation, even the subject matter that 
is excluded under patents becomes eligible for being 
patented.

It is true that it takes years to find out the specific 
DNA sequence of a gene, as well as its characteristics, 
nature and qualities, but allowing such claims without 
any requirement of a description of a particular gene 
and specifying its function is granting of unnecessary 
monopoly, as held in Eli Lilly’s case. The same holds good 
for the claim for a software program in the guise of a 
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computer-related method. In the case of DNA patents it 
is difficult to establish specific utility. Also if a new and 
useful purified and isolated DNA compound described by 
the sequence is eligible for patenting, in bioinformatics it 
gives rise to complex issues like whether one has a right 
over digitized genetic information and so on. Precedents 
in computer program patents and biotechnology patents 
without solving their inherent problems in bioinformatics 
patents could prove disastrous, resulting in monopolizing 
the basic tools in unravelling the mysteries of biological 
science where these software tools are indispensable.

In the above analysed granted patents it seems pat-
ent office is following the reasoning given in vicoms 
case. Without identifying the inventive step involved 
in the computer program and without considering the 
legislative intent, granting patents may be as based on 
the Hence, the examination of an application for a bio-
informatics patent, which involves the claims of a mul-
tidisciplinary field like biotechnology and computer 
technology, is challenging.

BIOINFORMAtICS PAtENtS – tHE 
INdIAN SCENARIO

scope of BioinformaTics paTenTs in india

India is the first country in the world to establish a nation-
wide bioinformatics network (BTIS network) under the 
Department of Biotechnology (DBT).84 Large-scale IT 
organizations, both global and Indian, are also break-
ing into this sector. Many biotech companies entered 
into a partnership with IT companies – eg. Lead Invent 
Technologies Pvt. There are over 200 companies in 
Bangalore, Hyderabad, Pune, Chennai and Delhi that are 
in one way or another involved in bioinformatics.85 The 
Indian Government is extending full financial support 
to this industrial sector. In India more than 100 patents 
have been granted to both software and biotechnology.86 

Bioinformatics patent applications filed in the Indian pat-
ent office are under process. The standard being followed 
for bioinformatics patents is the same as that for software 
or biotechnology patents. Let us analyse the patentabil-
ity standards of software and biotechnology inventions 
 followed in India.

paTenTaBiLiTy sTandards of sofTware and 
BioTechnoLogy invenTions in india

In light of the TRIPS Agreement, the Patent Act of 1970 
was substantially amended in 2002 and again in 2005. 
The introduction of the definitions of “new invention” 
“inventive step” and “capable of industrial application” 
gives a good indication. But it could be seen that for 
satisfying the inventive step there should be technical 
advances or economic significance, or both, in the fea-
tures of the invention and it should ‘not be obvious to a 
person skilled in the art’.87 The requirement for ‘technical 
advancement’ could be construed to exclude incremental 
innovations. But there is a probability of misinterpret-
ing the intention of the legislature. It gives an impres-
sion that inventions having economic significance are 
considered to fulfill the criterion of inventive step. Even 
in Graham’s case88, commercial success was considered 
only a secondary condition.

Thus, the definition of inventive step is very crucial 
in determining the level of inventiveness.89 Therefore, 
a mere improvement or innovations, especially in the 
case of a computer program, that may not have adequate 
‘technical advance compared to the existing prior art’ 
may achieve significant commercial success and can eas-
ily claim patents. Hence, there is a serious need to replace 
the term “or” with “and” in the definition of “inventive 
step.”

In the definition ‘capable of industrial application’ 
the term “in relation to an invention” has placed a higher 
threshold; it means an inventive application rather than 
one of mere utility.90 Here industrial application means 
practicability. The test of utility laid down in the 2008 
Manual is whether the invention will work and whether 
it will do what is claimed for it.91 Hence, rather than 
insisting on practical utility just claiming the invention 
capable of industrial application may harm the legislative 
intent. Unlike in the US, in India there is no requirement 
that utility must be credible, specific and substantial. 
The judiciary has laid down a high patentability stan-
dard in M/s. Bishwanath Prasad Radhey Shyam v. M/s. 
Hindustan Metal Industries92 according to which, in 
order to claim patents, the improvement or the combi-
nation must produce a new result, or a new article or a 
better or cheaper article than before and must indepen-
dently satisfy the test of invention or an ‘inventive step’.

The 2002 Amendment of the Patent Act expressly 
excluded ‘computer programme per se’ and plants and 
animals from patentability.93 Sec.3 (k) excluded ‘a math-
ematical or business method or a computer programme 
per se’ or algorithms from being patentable. However, 
to understand the meaning of ‘per se’ the Patent Manual 
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has given the case laws and precedents in the U.S, U.K. 
and the E.U. The Patent Manual of 2008 has retained the 
definition of “computer-related invention”94, which is a 
serious concern. Here it has ignored the concept of inven-
tion as having novelty and inventive step in technical 
advancement because of the effect of the program95 and 
has given a broad and vague definition. Hence, the evalu-
ation of a computer program as a whole as followed in the 
US may lead to granting of patents for mere advancement 
in computer programs per se.96 Clause 4.11.6 of the patent 
manual says that a claim orienting towards a “process/
method” that contains a hardware or machine limitation 
and technical applicability of the software claimed as a 
process or method is defined in relation to the particu-
lar hardware components. However, it is not clear from 
the guidelines as to where such technical effects must be 
in relation to the invention. It further states that a claim 
directed at a technical process in which the process is 
carried out under the control of a program (whether 
by means of hardware or software) cannot be regarded 
as being related to a computer program as such.97 This 
statement has added further confusion to whether the 
approach in determining the novelty and inventive step 
should reside in the program that controls the product or 
process or in the product or process caused by the effect 
of the program.98

In the case of an apparatus, claims should clearly 
define the inventive constructional hardware features 
and must define the specific application and not the gen-
eral application.99 The statement in the Patent Manual 
that a novel solution to a problem relating to the internal 
operations of a computer, although comprising a pro-
gram or subroutine, will necessarily involve technologi-
cal features of the computer hardware or the manner in 
which it operates and hence may be patentable tries to 
cover a program or subroutine involving technological 
features solely of such a computer program and the effect 
created by it in the way it operates. Thus, it could be seen 
that the interpretation given in the draft manual, which 
was based heavily on the interpretation of UK courts, 
cannot be relied upon as a basis for arguments in favour 
of the patentability of software in India. Thus, the pat-
ent manual has brought in the claims that the legisla-
tion tried to exclude. Section 2(k) has excluded claims 
relating to a computer program invention for a business 
method. Hence, care must be taken to ensure that only 
those having a very high degree of both form and func-
tion satisfy the requirements of the Indian Patent Act.100

Therefore, it could be seen that, even though the 
Patent Act had laid down higher patentability standards, 
one can lower the threshold using the available loop-
holes and the contradictions and misinterpretations fur-
thered by the computer-related invention guidelines in 
the 2008 Patent Manual. It is the consequence of such 

interpretations that the US is currently facing. In the US 
the application of lower patentability standards for com-
puter-related inventions opened a flood gate of question-
able patents. The ultimate result was narrowing down of 
the public domain, which seriously affected the competi-
tion in the software industry. Currently, the patent sys-
tem of the US is under serious revision at the legislative, 
administrative and judicial level.

On the basis of the requirements of Article 27.3101 
of the TRIPS the provision Section 3 (j) was included in 
the Indian Patent Act. It excluded from the patentable 
subject matter plants and animals other than microor-
ganisms, and essentially biological processes for the pro-
duction of plants or animals. Gene sequences or DNA 
sequences are naturally occurring biological materials 
that inherently lack an inventive step. That is the rea-
son why legislation excluded it from patentable sub-
ject matter. Thus, there is a legislative ban on patenting 
gene sequences. What is allowed for patents are geneti-
cally engineered microorganisms. In the absence of a 
definition for the term microorganism there is a need 
to formulate strict guidelines for examination of patent 
applications involving microorganisms from the point 
of view of substantial human intervention and utility.102 
In Examination Guidelines relating to biotechnology 
inventions in the 2008 Patent Manual, clause 7 excluded 
genetically modified plants and animals and biologi-
cal materials such as organs, tissues, cells, viruses, etc 
from being patented as they are only mere discoveries 
of things existing in nature. If biological material like 
recombinant DNA is produced by substantive human 
intervention, it is patentable. It indicates that DNA iso-
lated using recombinant DNA technology by substantive 
human intervention is allowed.

The draft manual 2008 even allowed the patenting 
of protein, antibodies, diagnostic kits and amino-acid 
sequences without mentioning human intervention and 
utility. For example, take the case of genetically modified 
plants; it is the genetically modified DNA sequence that 
is responsible for the development of transgenic plants. 
Hence the claim for a genetically modified sequence 
amounts to indirectly claiming that plant itself, which 
is against legislative intent as it is excluded u/s 2(j). The 
patent manual allows gene patenting if the function of 
the DNA sequences and their industrial application 
are given and satisfy the inventive step.103 Thus, Patent 
Manual 2008 diluted the legislative intent. Thus, despite 
the exclusion provision in S.3, the guidelines allow pat-
enting gene sequences, thereby blurring the legislative 
intent. Presently, 2013 guidelines for examination of bio-
tech applications has been issues by patent office so as to 
provide clarity on biotech patentability

The term “microorganism” can be subject to differ-
ent interpretations, like cells or genetic material, as there 
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is no clear-cut definition for the term “microorganism” 
or “biological material” under the Patent Act of 1970. 
The Patent Manual too is silent on this front. Thus, gene 
sequences can be patented under the guise of microor-
ganisms. Another loophole for claiming gene sequences 
is by way of declaring it as a chemical entity.104 Hence, 
care must be taken to ensure that such claims do not 
defeat the purpose of the legislation.

anaLysis of BioinformaTics paTenTs on The 
Basis of indian paTenTaBiLiTy sTandards

In the light of the patentability standards given in the 
Patent Act, Patent Manual, 2008 and the judicial prec-
edents let us analyse bioinformatics. Whether bioinfor-
matics patented in the US would enjoy the benefits of 
patenting in India based on Indian patentability stan-
dards has to be analysed. The United States Patent 
6023659105 is a bioinformatics patent granted in 2000. 
This patent is related to a method of using a computer 
system to present information pertaining to a plurality 
of biomolecular sequence records stored in a database. 
In India, a database does not satisfy the inventive step 
concept. Hence, it is not patentable. Claim 14 relates to a 
method of using a computer system to present informa-
tion pertaining to a plurality of biomolecular sequence 
records stored in a database, the method comprising the 
display of a list of the said records or a field for entering 
information identifying one or more of the said records. 
Also mere presentation of information is excluded u/s 
3(n) of the Patent Act.

Here the inventive constructional hardware features 
that make the system patentable and their relation to the 
particular hardware components are not defined. A com-
puter system and a computer readable medium having 
program instructions to automatically categorize bio-
molecular sequence records into protein function cat-
egories in an internal database are computer programs 
per se simply expressed on a computer readable storage 
medium and as such are not allowed. As the novelty or 
inventive step is not satisfied the claim is not patentable. 
Even by examining the prior art reference of US patent 
5706498 relating to the “Gene database retrieval system” 
it could be seen that a dynamic programming device for 
comparing key sequences with database sequences and a 
dynamic programming operation unit for determining 
the degree of similarity between target data and key data 
by utilizing the sequence data from the gene database 
has been claimed already. Therefore, according to the 
decision taken in Biswanath Prasad106, the inventive step 
must show massive improvement and mere workshop 
improvement is not patentable. In the above-mentioned 

case, when compared with prior art the claimed inven-
tion was only a mere improvement and hence was not 
patentable. However, one has to wait and see how the 
decision in the case of Biswanath Prasad is going to be 
applied to bioinformatics patents. By the application of 
the Patent Manual guidelines, ESTs, which are used as 
research tools, will easily satisfy the inventive step cri-
teria because of their specific functions and industrial 
applications such as in gene therapy and chromosomal 
mapping. In the case of research tools like EST and SNP, 
irrespective of biotechnological or bioinformatics tools, 
there is no express exclusion in the Patent Act. However, 
the guidelines in the Patent Manual says that if the 
genetically modified sequence is new, inventive and has 
industrial application it is patentable, which is against the 
intent of the legislature. Therefore, there is a probabil-
ity that despite the exclusion provision in s.3 the guide-
lines in the Manual allow patenting of gene sequences. 
These guidelines may lead to patenting of even digital 
sequences, for which a novel, inventive step and indus-
trial application are the only criteria to be satisfied.

CONCLuSION

The threshold of the patentability requirements in the 
Patent Act gets diluted by the patent manual guidelines. For 
example, in the biotechnology guidelines, DNA sequence 
claims are allowed. Hence, application of the patentabil-
ity standards in new technology like bioinformatics may 
result in granting patents in such frontier technologies. 
The 2013 guidelines for the examination of patent appli-
cations involving microorganisms from the point of view 
of substantial human intervention and utility has thrown 
clarity on the patentability of biotech subject matter, still 
requires clarity on bioinformatics applications.

The Patent Manual is only a guide and does not have 
any force and effect of law. This may set bad precedents 
from the Indian patent office. Such tendencies must be 
discouraged to prevent bad patents. It is high time that 
the Indian patent office consider the policy considerations 
and the legislative intent of incorporating the s.3 (k) and 
the implications of decisive interpretation of computer-
related invention guidelines given in the patent manual 
2008. Bioinformatics patents granted both in the US and 
EPO do not answer many of the questions plaguing the 
existing software and biotechnology patent applications. 
It took more than 25 years for the US and EPO patent 
office and for the judiciary to realize the consequences of 
the innumerable patents granted for incremental inven-
tions in computer programs and biotechnology and to 
reconsider their patentability standards. The time has 
come for us to give serious thought to the patentability 
standards to be followed in the case of bioinformatics 
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patents in India. Thus, in short, I suggest strict application 
of the patentability standards; as bioinformatics tools are 
basically computer software, only such inventions having 
substantial inventive step should be granted patents.

1. An invention that consists of hardware along 
with software can be patented, provided the hardware 
in itself performs the function that is novel and car-
ries an inventive step due to the effect of the program. 
2. Avoid granting patents to databases, as they inherently 
lack substantial inventive step or novelty. 3. Strictly fol-
low the criteria of industrial application; that is, utility 
must be credible, substantial, or specific in the case of 
bioinformatics inventions. 4. Claims for computer pro-
gram products must be excluded as they lack novelty 
and inventive step. 5. Embedded systems can be patented 
provided the inventive step and novelty reside in the 
corresponding apparatus. 6. Invalidate broad and gen-
eral terms used in the claims, especially relating to DNA 
sequences. 7. Bioinformatics patent applications must be 
examined by a bioinformatician – a person well versed 
in biotechnology and information technology. 8.  In 
the light of public interest exclude patents on methods 
of treatment, therapy or diagnosis. 9. Invalidate claims 
relating to patenting of EST, which is used as a bioinfor-
matics tool. 10. To distinguish the invention from prior 
art, relevant prior art relating to both biotechnology and 
computer technology is required to be given in the speci-
fication. 11. It is essential to analyse the part of the inven-
tion that is claimed for apparatus/process and compare 
it with prior art in order to identify the contribution to 
the art and determine whether there is an inventive step 
involved. 12. Invalidate claims for DNA sequences in a 
computer-related medium. A better option would be to 
adopt open-source software or free software.

INdIAN CONtExt

The absence of a definition for computer programs and 
microorganisms and lack of judicial precedents have 
resulted in lack of clarity on patenting of software and 
microorganisms. Even by the application of software 
guidelines and biotechnology guidelines what is not 
intended by the legislature gets covered in patent claims. 
As bioinformatics applications are pending in our patent 
office the crucial question is what factors should be taken 
into account by the Indian patent office while consider-
ing applications for bioinformatics patents. Apart from 
the suggestions given above, the following are also worth 
considering by the Patent Office:

1. It should strictly ensure that the subject matter 
is not couched in such a manner so as to 

indirectly relate to the method of treatment, 
therapy or diagnosis. 

2. Claims relating to a computer program 
invention but directed towards business 
methods should not be entertained. 

3. A clear definition for microorganism, 
biological material and chemical entity is 
required so that DNA sequences are not 
covered under patent claims. 

4. Apply the industrial application criteria to 
satisfy the intention of the legislature. 

5. Claims relating to computer program products 
must be invalidated as they lack novelty and 
inventive step. 

6. Claims addressed through ‘‘means plus 
function’’ or claimed through equivalence, etc. 
are to be specifically avoided. 

7. Invalidate claims indirectly relating to research 
tools like ESTs. 

8. As we have no prior art relating to 
bioinformatics patents, international 
search will help to compare the prior art in 
bioinformatics with the said claim. 

The Indian Patent Office should give assurance 
that its guidelines do not lead to the grant of question-
able patents. In the light of the experience of developed 
countries and the consequences they are facing currently 
as a result of dilution of patentability standards, our 
patent office must be highly cautious and careful while 
framing the Patent Manual for procedure and practice. 
Otherwise it will defeat the purpose of the legislation. 
Hence, rather than following the lines of the US or UK 
it must develop a balanced patent system so as to ensure 
that quality patents are protected in new emerging fields 
like bioinformatics.
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With many blockbuster biologic drugs com-
ing off patent in the next couple of years, 
biosimilars are poised to make a significant 

breakthrough in cost-effective biologic therapies. In fact, 
it is estimated that the global market for biosimilars will 
increase nearly 30 fold from $1.3 billion in 2013 to $35 
billion by 2020.1

One hurdle to biosimilar development in the U.S. 
has been the lack of an abbreviated or expedited path-
way for regulatory approval. The lack of an abbreviated 
pathway means that manufacturers of biosimilars had 
to go through the same lengthy and costly FDA process 
as developers of brand-name biologics, or innovators, to 
obtain approval for their product. Due in part to these 
hurdles, only two biosimilars have been approved in the 

1 “Global Biosimilars/Follow-on-Biologics Market 
(Technology, Types, Applications, Services and 
Geography) – Research Report, 2013–2020, July 2014. 
Accessed at www.researchandmarkets.com.
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U.S. including Teva’s tbo-filgrastim (Granix).2 This is 
in contrast to the European Union (EU) and Japan. In 
the EU, twenty-three biosimilars have been approved 
through an established biosimilar approval pathway that 
has been in place since 2005.3 Additionally, in Japan, 
eight biosimilars have been approved since the Japanese 
guidelines for biosimilars were published in 2009.4

To promote biosimilar development and commer-
cialization in the U.S., the Biologics Price Competition 
and Innovation Act (the “Biosimilars Act”) was signed 
into law on March 23, 2010 by President Obama as Title 
VII of the Patent Protection and Affordable Care Act.5 

2 Andrew F. Bourgoin and Beth Nuskey, “An Outlook on 
US Biosimilar Competition,” April 2013. Accessed http://
thomsonreuters.com/products/ip-science/04_013/anoutlo
okonusbiosimilarcompetition-cwp-en.pdf

3 Generics and Biosimilars Initiative, Biosimilars Approved 
in Europe. Accessed http://www.gabionline.net/
Biosimilars/General/Biosimilars-approved-in-Europe

4 National Institute of Health Science, Biosimilars approved 
in Japan. Accessed at http://www.nihs.go.jp/dbcb/
biosimilar.html [Japanese]

5 Patient Protection and Affordable Care Act, Pub. L. No. 
111–148, 124 Stat. 119 (2010). The Patient Protection and 
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The Biosimilars Act established an abbreviated pathway 
by which the Food and Drug Administration (“FDA”) 
could approve biosimilar versions of previously licensed 
biological products.6 The U.S. biosimilars pathway shares 
common features with its EU and Japanese counterparts 
but also has some striking differences. This Article will 
discuss key aspects of the U.S., the EU and Japanese 
approval pathways and will explore their likely impact 
on the commercialization of biosimilar medicines.

OvERvIEW OF BIOLOgICS ANd 
BIOSIMILARS

The Biosimilars Act and its EU and Japanese counter-
parts provide expedited approval pathways for biosimi-
lars.7 A biosimilar is a biologic that has similar structural 
and pharmacokinetic properties to the innovator bio-
logic, and is capable of providing the same therapeutic 
effect. Biosimilars can be considered follow-on or generic 
versions of an innovator biologic. It is important to note 
that biosimilars differ from biobetters. Even though 
biobetters are also biologic products, a biobetter has 
molecular or chemical modifications that constitute an 
improvement over the originator biologic. A biobetter, 
therefore, is a modified version of the innovator biologic 
that performs better than the innovator.8

In contrast to small molecule drugs, which consist 
of small-molecule compounds produced by chemical 
means, biologics are large and complex molecules that 
are produced by living biological systems. Biologics can 
include various types of products. The Public Health 
Service Act (“PHSA”), for instance, defines a biologic as 
“a virus, therapeutic serum, toxin, antitoxin, vaccine, 
blood, blood component or derivative, allergenic product, 
protein (except any chemically synthesized polypeptide), 
or analogous product, or arsphenamine or derivative of 
arsphenamine (or any other trivalent organic arsenic 
compound), applicable to the prevention, treatment, or 
cure of a disease or condition of human beings.”9 

Originally, biologics tended to be products pro-
duced primarily from purified extracts of animal blood 

Affordable Care Act was previously H.R. 3590, 111th Cong. 
(2009).

6 Biologics Price Competition and Innovation Act of 2009, 
Pub. L. No. 111–148, §§ S 7001–7003, 124 Stat. 119,  
804–821 (2010).

7 Id.
8 http://www.financierworldwide.com/competitive-

strategies-in-life-sciences-biobetters-versus-biosimilars/
9 PHSA § 351 (i), 42 U.S.C. § 262(i) (2006).

and tissue.10 However, due to scientific advancements, 
particularly in the area of recombinant DNA technol-
ogy, biologics are now increasingly being produced from 
modified cell lines genetically reprogrammed to mass 
produce a particular biological product. Accordingly, 
the definition of biologics has been expanded to include 
products such as immunoglobulins, monoclonal anti-
bodies, antisense polynucleotides, stem cells, and mol-
ecules for gene therapy.11 

SAFEty ANd CLINICAL 
CONSIdERAtIONS IN REguLAtORy 
APPROvAL

Due to their structural and physical properties, biologics 
face different challenges during development than their 
small-molecule counterparts. These challenges impact 
not only how biologics are manufactured, but also when 
and how biologics ultimately reach the market. 

Biologic products are comprised predominantly 
of proteins,12 which are, in turn, comprised of multiple 
amino acids.13 Regardless of the size of the biologic, the 
precise three-dimensional structure of proteins is crucial 
to their biological function. Even the slightest alteration 
in the amino acid sequence can have a dramatic effect on 
its function. For example, the removal of a single amino 

10 David M. Dudzinski, Reflections on Historical, Scientific, 
and Legal Issues Relevant to Designing Approval Pathways 
for Generic Versions of Recombinant Protein-Based 
Therapeutics and Monoclonal Antibodies, 60 Food & Drug 
L.J. 143, 143 (2005).

11 Edward L. Korwek, What Are Biologics? A Comparative 
Legislative, Regulatory and Scientific Analysis, 62 Food & 
Drug L.J. 257 (2007). For a chronology of product class 
developments, see BIO’s Timeline, http://bio.org/speeches/
pubs/er/timeline.asp (last visited Apr. 22, 2008).

12 Increasingly popular therapeutic biological products 
even more complex than single proteins are monoclonal 
antibodies. Antibodies, which consist of multiple chains 
of individual proteins, are made by cells of the immune 
system and are designed to recognize and tightly bind to 
a specific target. Recombinant monoclonal antibodies are 
biological products made by the fusion of a beta cell of 
the immune system to an immortal cell such as a tumor 
cell. Dianne M. Dinnis & David C. James, Engineering 
Mammalian Cell Factories for Improved Recombinant 
Monoclonal Antibody Production: Lessons from Nature?, 91 
Biotechnology & Bioengineering 180, 180 (2005).

13 Lehninger, David L. Nelson and Michael M. Cox, 
Biochemistry (5ed. 2008).
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acid from the 574 amino acid protein hemoglobin has 
been shown to cause sickle cell anemia.14 

Due to their size and complexity, there are increased 
safety concerns associated with biologic products that 
may increase the time and cost needed for obtaining 
regulatory approval.15 One such safety concern is immu-
nogenicity. Immunogenicity refers to the potential for 
a substance to be recognized by the body as foreign, 
thereby causing the body to produce antibodies and 
launch an immune response against the substance.16 
Since changes may occur in the conformation of a pro-
tein, the propensity to become immunogenic is a special 
concern for biologics that does not generally affect small 
molecule drugs.17

The immunogenicity of a biologic is best seen in 
the case of Epogen® and Eprex®, a biologic used to treat 
anemia in the United States and Europe, respectively.18 
Epogen® and Eprex® had identical amino acid sequences 
and were produced by cells utilizing the same recom-
binant DNA technology.19 However, slight differences 
in the way each biologic was formulated (i.e., Epogen® 
was formulated in human serum albumin and Eprex® 

14 Vernon M. Ingram, Sickle-Cell Anemia Hemoglobin: The 
Molecular Biology of the First “Molecular Disease”- The 
Crucial Importance of Serendipity, 167 Genetics 1, 3 (2004).

15 Zuñiga L, Calvo B. Biosimilars: pharmacovigilance and 
risk management. Pharmacoepidem Dr S 2010;19:661–9; 
Nowicki M. Basic facts about biosimilars. Kidney Blood 
Pres Res 2007;30:267–72; and Roger SD, Mikhail A. 
Biosimilars: opportunity or cause for concern? J Pharm 
Pharmaceut Sci 2007; 10:405–10.

16 Safe and Affordable Biotech Drugs: The Need for a Generic 
Pathway, Hearing Before the House Comm. on Oversight 
and Gov’t. Reform, 110th Cong. (2007) (statement of Janet 
Woodcock, Deputy Comm’r, Chief Medical Officer, Food 
and Drug Administration) available at http://oversight.
house.gov/documents/20070326104056-22106.pdf 
[hereinafter Woodcock Statement].

17 Michele Kessler et al., Immunogenicity of 
Biopharmaceuticals, 21 Nephrology Dialysis 
Transplantation (Supp.) v9, v10 (2006).

18 See Charles L. Bennett et al., Long-term Outcome 
of Individuals with Pure Red Cell Aplasia and 
Antierythropoietin Antibodies in Patients Treated with 
Recombinant Epoetin: A Follow-up Report from the 
Research on Adverse Drug Events and Reports (RADAR) 
Project, 106 Blood 3343 (2005).

19 See Huub Schellekens & Wim Jiskoot, Letter to the Editor, 
Eprex-Associated Pure Red Cell Aplasia and Leachates, 24 
Nature Biotechnology 613, 613–14 (2006). Each product 
was manufactured by divisions of the same pharmaceutical 
company, but changes were made to Eprex® at the request of 
European regulatory agencies. Id.

was formulated in glycine and Polysorbate 80) caused 
patients taking Eprex® to develop antibodies to epoetin 
alpha at much higher rates than patients taking Epogen®. 
The antibodies developed by patients taking Eprex® were 
cross-reactive not only to the epoietin active ingredient 
in both Eprex® and Epogen®, but also to the patients’ own 
endogenous erythropoietin.20 As a result, some patients 
taking Eprex® not only became unresponsive to the treat-
ment, but also suffered worsened anemia.21 

To mitigate the risk of the potentially harmful 
effects associated with immunogenicity, biologics are 
required to undergo additional clinical studies prior to 
approval to ensure safety and efficacy of the biologic.22 
Because of the additional testing required, the process 
for obtaining regulatory approval for biologics in the 
U.S. as well as in Europe and Japan is often longer and 
more expensive than that for small molecule drugs.23 
As such, the development costs of biologics in the US is 
estimated at around $1.24 - $1.32 billion on average, per 
drug, compared to about $800 million for small mol-
ecule drugs.24 

The regulatory requirements are equally burden-
some when it comes to developing biosimilars. Since 
biologics are larger and more complex than small mol-
ecule drugs, they are also generally more difficult to rep-
licate.25 In contrast to small-molecule drugs, which can 
be synthesized in a number of different ways, a biologic 
product is closely tied to its manufacturing process. As 
the example with Epogen®/Eprex® above demonstrated, 
even minor deviations in the manufacturing process of 

20 Charles L. Bennett et al., Long-term Outcome 
of Individuals with Pure Red Cell Aplasia and 
Antierythropoietin Antibodies in Patients Treated with 
Recombinant Epoetin: A Follow-up Report from the 
Research on Adverse Drug Events and Reports (RADAR) 
Project, 106 Blood 3343 (2005).

21 Sahr, Robert, N., The Biologics Price Competition and 
Innovation Act: Innovation Must Come Before Price 
Competition Boston College Intellectual Property & 
Technology Forum. Accessed at http://www.bciptf.org

22 Biologics Revolution: The Intersection of Biotechnology 
Patent Law and Pharmaceutical Regulation. Georgetown 
Law Journal. Tam, J.W.Y. 2010, volume 98, page 535; 
Tam, Joyce, W.Y., Biologics Revolution the Intersection 
of Biotechnology Patent Law and Pharmaceutical 
Regulation_The Georgetown Law Journal_2010_vol98 
p535.

23 Id.
24 Katheleen R. Kelleher, FDA Approval of Generic Biologics: 

Finding a Regulatory Pathway, 14 Mich. Telecom. & Tech. 
L. Rev. 245, 252 (2007). 

25 Natasha Singer, In Pursuit of a Pipeline of Biological 
Treatments, N.Y. Times, January 27, 2009.
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biologics can lead to variations that may significantly 
alter the molecule’s properties and may result in an inef-
fective or unsafe product.26 As a result, the regulatory 
process for developing biosimilars is often longer, more 
complicated, and more expensive than that for generic 
small molecule drugs.27 According to the Federal Trade 
Commission (“FTC”), the development of biosimilars 
takes between eight and ten years and costs between 
$100 million and $200 million, compared to three to five 
years and $1 million to $5 million for small-molecule 
generics drugs.28

REguLAtION OF BIOLOgICS IN tHE 
EuROPEAN uNION

In the European Union (“EU”), biosimilars are centrally 
regulated by the European Medicines Agency (“EMA”). 
The EU was the first region in the world to establish 
an approval pathway specifically for biosimilars. This 
approval pathway was adopted in 2004 and came into 
effect in 2005.29 In 2006, Omnitrope® became the first 
biosimilar to be approved by the EMA and since then, a 
total of 22 biosimilars have been approved by the EMA.30

While the EMA’s biosimilar pathway directive does 
not specifically define what constitutes a biosimilar, 
guidelines published by the Committee for Medicinal 
Products for Human Use (“CHMP”)31 state that a bio-
similar is a drug which has a “known biological active 
substance” that is similar to an already authorized drug, 

26 Biotechnology Industry Organization, How Do Drugs and 
Biologics Differ?, http://bio.org/healthcare/followonbkg/
DrugsVBiologics.asp (last visited Nov. 1, 2010).

27 Anthony D. so & Samuel L. Katz, Biologics Boondoggle, 
Op-Ed, N.Y. Times, March 7, 2010

28 Jessica Dye, “Obama Wants To Limit Biologic 
Protection In Health Bill,” Law 360, January 15, 2010. 
http://www.law360.com/topnews/articles/143763/
obama-wants-to-limit-biologic-protection-in-health-bill

29 Directive 2001/83/EC, as amended by Directive 2003/63/
EC and Directive 2004/27/EC. 

30 Biosimilars approved in Europe, Generics and Biosimilars 
Initiative http://www.gabionline.net/Biosimilars/General/
Biosimilars-approved-in-Europe (last updated Nov. 14, 
2014). Although 22 biosimilars have been approved since the 
European biosimilars pathway was created, two biosimilar 
approvals have been withdrawn. As a result, only 20 
biosimilar drugs are currently approved for use in Europe.

31 Biological Guidelines, European Medicines Agency, 
http://www.ema.europa.eu/ema/index.jsp?curl=pages/
regulation/general/general_content_000082.jsp (last 
visited Nov. 14, 2014).

referred to as a “reference medicinal product.”32 The 
guidelines further state that the biosimilar and the refer-
ence medicinal product “are expected to have the same 
safety and efficacy profiles and are generally used to 
treat the same conditions.”33 To substantiate the similar 
nature of the proposed biosimilar product to the refer-
ence medicine product, the EMA requires the biosimilar 
applicant to provide evidence from comparability stud-
ies. These comparability studies may show data related 
to purity, physiochemical properties, biological activity, 
preclinical studies (including in vitro and in vivo stud-
ies), clinical trials and immunogenicity.

In addition to the general guidelines on biosimilar-
ity, the EMA also provides product-specific guidelines 
that address different types of biosimilars. For example, 
monoclonal antibodies,34 somatropin,35 and low molec-
ular weight heparins36 each have their own individual 
guidelines that focus on aspects specific to the category 
of biologic dug. The determination of interchangeability 
is outside the scope of the EMA’s authority and is deter-
mined separately by each member state of the EU.37 

In terms of exclusivity, the EMA follows the “8+2+1” 
rule. Under this rule, an application for a biosimilar in 
Europe may not be submitted until the reference medicinal 

32 EMA Procedural advice for users of Centralised Procedure 
for Similar Biological Medicinal Products applications, 
European Medicines Agency (Oct. 2014) at 5, http://
www.ema.europa.eu/docs/en_GB/document_library/
Regulatory_and_procedural_guideline/2012/04/
WC500125166.pdf

33 Id.
34 Guideline on similar biological medicinal products 

containing monoclonal antibodies – non-clinical and 
clinical issues, European Medicines Agency (May 30, 
2012), http://www.ema.europa.eu/docs/en_GB/document_
library/Scientific_guideline/2012/06/WC500128686.pdf 

35 Guidance on Similar Medicinal Products Containing 
Somatropin, European Medicines Agency (Feb. 26, 2006), 
http://www.ema.europa.eu/docs/en_GB/document_
library/Scientific_guideline/2009/09/WC500003956.pdf 

36 Guideline on Non-Clinical and Clinical Development 
of Similar Biological Medicinal Products Containing 
Low-Molecular-Weight-Heparins, European Medicines 
Agency (Mar. 19, 2009), http://www.ema.europa.eu/docs/
en_GB/document_library/Scientific_guideline/2009/09/
WC500003927.pdf 

37 EMA Procedural advice for users of Centralised Procedure 
for Similar Biological Medicinal Products applications, 
European Medicines Agency (Oct. 2014) at 34, http://
www.ema.europa.eu/docs/en_GB/document_library/
Regulatory_and_procedural_guideline/2012/04/
WC500125166.pdf

http://bio.org/healthcare/followonbkg/DrugsVBiologics.asp
http://bio.org/healthcare/followonbkg/DrugsVBiologics.asp
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product has received eight years of data exclusivity,38 ten 
years of marketing exclusivity,39 and one additional year 
of marketing exclusivity if there is a new therapeutic 
indication. Accordingly, a biosimilar cannot be approved 
until the reference product has been on the market for 11 
years.40 

REguLAtION OF BIOLOgICS IN 
JAPAN

In Japan, biosimilars are regulated by the Ministry of 
Health, Labour, and Welfare (MHLW), while the review 
process itself is conducted by the Pharmaceuticals and 
Medical Devices Agency (PMDA). In 2009, Japan pub-
lished guidelines for quality, safety, and efficacy of follow-
on biologics,41 which is similar in concept to the EMA in 
the EU. In the same year, Sandoz’s somatropin became 
the first drug to be approved as a biosimilar by the MHL. 
To date, eight biosimilars have been approved by the 
MHLW, including the biosimilars of Epogen®/Eprex®, 
Genotropin®, Lantus®, Neupogen®, and Remicade®.42

According to the guidelines, biologics are defined 
as a biotechnological drug product that is comparable to 
an approved biotechnology-derived product (reference 
product approved in Japan).43 The term “comparable” is 
further characterized by the guidelines, noting that “[c]
omparability does not mean follow-on biologics have to 
show identical quality attributes as the reference prod-
uct, but it requires demonstration of high similarity in 
quality attributes with the reference product.”44 Since 
certain information concerning the innovator’s prod-
uct is generally not disclosed, the guidelines recom-

38 Directive 2001/83/EC, as amended by Directive 2003/63/
EC and Directive 2004/27/EC, Article 10(1).

39 Id.
40 Id.
41 Ministry of Health Labor and Welfare, Pharmaceutical 

and Food Safety Bureau, Guideline for Ensuring Quality, 
Safety, and Efficacy of follow-on biologics, Notification No. 
0304007 (March 4, 2009) [Japanese]

42 National Institute of Health Science, Biosimilars approved 
in Japan. Accessed at http://www.nihs.go.jp/dbcb/
biosimilar.html [Japanese]

43 Ministry of Health Labor and Welfare, Pharmaceutical 
and Food Safety Bureau, Application for follow-on 
biologics, Notification No. 0304004 (March 4, 2009) 
[Japanese]

44 Ministry of Health Labor and Welfare, Pharmaceutical 
and Food Safety Bureau, Guideline for Ensuring Quality, 
Safety, and Efficacy of follow-on biologics, Notification No. 
0304007 (March 4, 2009) [Japanese]

mend biosimilar applicants to consider a comprehensive 
approach incorporating all available information and 
conducting clinical trials. Further, the required data 
package for the application can be abbreviated, because 
safety data is accumulated after approval of the innova-
tor product.45 For example, genotoxicity, carcinogenic-
ity, and reproductive toxicity studies are not required 
for toxicology studies. In addition, the MHLW provided 
questions and answers (Q&As) three times in 2009,46 
2010,47 and 2015,48 to promote an accurate interpreta-
tion of the guidelines.

There is no specific rule for market exclusivity for 
biosimilars in Japan. New drugs and biologics have eight 
years of data exclusivity (ten years for orphan drugs), 
without distinguishing between small molecule and bio-
logics drugs, and also without distinguishing between 
innovator and generic/follow on products.49 

REguLAtION OF BIOLOgICS IN tHE 
uNItEd StAtES

In the U.S., regulation of biologics is governed by the 
Public Health Service Act (“PHSA”), namely Section 351 
(42 U.S.C. § 262). Under PHSA Section 351, a biologic 
must first be approved by the FDA before it can be com-
mercialized and released onto the market. In order to be 
approved, the applicant must submit a Biologics License 
Application (“BLA”) showing that the biologic is suffi-
ciently safe, effective, and pure. To satisfy these require-
ments, the biologic must undergo extensive and lengthy 
testing. 

The Biosimilars Act sets forth several requirements 
for biosimilars, which are discussed in turn below.

BiosimiLar vs. inTerchangeaBLe

The Biosimilars Act establishes two categories of follow-
on biologics – biosimilars and interchangeable biologics. 
According to the Biosimilars Act, a biosimilar is “bio-
similar” to the brand-name drug if the two are “highly 
similar” notwithstanding minor differences in clinically 

45 Id. No. 0304004.
46 Ministry of Health Labor and Welfare, Pharmaceutical 

and Food Safety Bureau, Q&A for the Guideline for 
Ensuring Quality, Safety, and Efficacy of follow-on 
biologics No. 1 (July 21, 2009) [Japanese]

47 Id. No. 2 (March 31, 2010) [Japanese]
48 Id. No. 3 (December 15, 2015) [Japanese]
49 Article 14-4 of the Pharmaceutical and Medical Device 

Act (Law No.145 in 1960)
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inactive components and have no clinically meaning-
ful differences with respect to safety and efficacy. 50,51  
In addition, the applicant must show that the biosimilar 
has the same mechanism of action, same condition of use, 
same route of administration, same strength, and same 
dosage form as the brand-name biologic.52 Furthermore, 
the biosimilar applicant must show that the manufactur-
ing facility used to produce the biologic creates a “safe, 
pure, and potent” product.53

Alternatively, a biosimilar can be “interchangeable” 
if that biological product is biosimilar to the brand-name 
product, is expected to provide the same clinical result 
in a given patient,54 and can be switched for the brand-
name drug without diminished safety/efficacy.55 Unlike a 
showing of biosimilarity, a showing of interchangeability 
permits the follow-on biologic to be substituted for the 
innovator biologic without consulting the prescribing 
healthcare provider.

To satisfy the requirements for “biosimilarity” or 
“interchangeability,” a biosimilar applicant must show 
data from several studies including, (1) analytical stud-
ies showing that the follow-on product is highly similar 
to the reference product notwithstanding minor differ-
ences in clinically inactive components; (2) animal stud-
ies assessing toxicity; and (3) one or more clinical studies 
sufficient to assess immunogenicity and pharmacokinet-
ics or pharmacodynamics and to demonstrate safety and 
efficacy for each proposed indication.56 Even though the 
FDA has the discretion to waive any of these studies if 
it deems them unnecessary,57 it is unlikely that the FDA 
will use its discretionary power because of the complex 
and unpredictable properties of biologics.58 

50 Public Health Service Act § 351(k)(2)(A)(i)(I), 42 U.S.C.A. 
§ 262(k)(2)(A)(i)(I) (West 2010).

51 Section 7002(b) of the Biosimilars Act amends PHSA § 351 
(i) to define “biosimilar” to mean “(A) that the biological 
product is highly similar to the reference product 
notwithstanding minor differences in clinically inactive 
components; and (B) there are no clinically meaningful 
differences between the biological product and the 
reference product in terms of the safety, purity, and 
potency of the product.” Biologics Price Competition and 
Innovation Act of 2009, Pub. L. No. 111–148, § 7002(b), 
124 Stat. 119, 814–15 (2010). 

52 Id. § 351(k)(2)(A)(i)(II)-(IV).
53 Id. § 351(k)(2)(A)(i)(V).
54 Id. § 351(k)(4)(A
55 Id. § 351(k)(4)(B).
56 Id. § 351(k)(2)(A)(i)(I).
57 Id. § 351(k)(2)(A)(ii).
58 Follow-On Biologics, Data Exclusivity, and the FDA. 

Berkeley Technology Law Journal. Tzeng, L. Jan 2010, 
volume 25, Issue 1, Article 6, Page 135; Tzeng, Linfong, 

Exactly which data and how much data is required to 
satisfy a showing of “biosimilarity” or “interchangeabil-
ity” has been the source of much debate. In May 2014, the 
FDA issued guidance advocating for a “totality of the evi-
dence” approach.59 Under this approach, the FDA evalu-
ates data from different analytical studies and places the 
biosimilar product into one of four classifications: not 
similar, similar, highly similar and highly similar with fin-
gerprint-like similarity. Of the four classifications, highly 
similar and highly similar with fingerprint-like similar-
ity appear to satisfy the requirements of the Biosimilars 
Act, while a classification of only similar requires further 
data to support the application and a classification of not 
similar requires a change in the manufacturing process 
in order to even continue with the biosimilar application.

excLusiviTies for BioLogics 

As a way to allow manufacturers of brand-name biologic 
products time to recover the substantial costs incurred 
in developing and obtaining approval for the biologic, 
the Biosimilars Act provides certain exclusivity periods. 
Section 351(k)(7) provides that licensure of an applica-
tion for a biosimilar or interchangeable product under 
the Biosimilars Act may not be made effective until 12 
years after the reference product was first licensed.60 This 
form of exclusivity, often referred to as market exclusivity, 
provides developers of reference products the assurance 
of a minimum of 12 years of exclusivity on the market 
without having to face competition from biosimilars. 
Section 351(k)(7) further provides that an application for 
a biosimilar may not even be submitted for review to the 
FDA until 4 years after the reference product was first 
licensed.61 This form of exclusivity, often referred to as 
data exclusivity, prevents applicants for a biosimilar from 
using the data generated by the reference product in sub-
mitting an application to the FDA. Together, these two 
time periods are known as reference product exclusivity. 

The Biosimilars Act further provides for an exten-
sion of the market exclusivity period by an additional 
six-month period if the biologic is tested and approved 
for pediatric use. As a result, the Biosimilars Act can pro-
vide up to 12.5 years in market exclusivity. 

Not every licensure of a biological product under 
351(a), however, is considered a “first licensure” that gives 

Follow-On Biologics, Data Exclusivity, and the FDA 
Berkeley Technology Law Journal_2010_vol25 p135.

59 FDA Guidance for Industry, “Clinical Pharmacology Data 
to Support a Demonstration of Biosimilarity to a Reference 
Product” May 2014

60 PHSA § 351(k)(7)(A).
61 PHSA § 351(k)(7)(B).

https://www.lexis.com/research/buttonTFLink?_m=f64d762c4015a17d38aaf640967630d7&_xfercite=%3ccite cc%3d%22USA%22%3e%3c%21%5bCDATA%5b20 Fed. Cir. B.J. 193%5d%5d%3e%3c%2fcite%3e&_butType=4&_butStat=0&_butNum=190&_butInline=1&_butinfo=42 USC 262&_fmtstr=FULL&docnum=1&_startdoc=1&wchp=dGLzVlz-zSkAW&_md5=8cabdf0d9020643d630e7a95ec5afa7d
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rise to its own exclusivity period. On August 4, 2014, the 
FDA released its new industry guidance about determin-
ing exclusivity for biological products filed under Section 
351(a). The guidance is intended to assist developers of 
biological products and the FDA in determining the date 
of first licensure for reference products, which is impor-
tant in determining when reference product exclusivity 
ends and when biosimilars and interchangeable products 
may enter the market. According to the guidance docu-
ment, the date of first licensure does not include: 

1. a supplement for the biological product that is 
the reference product; or 

2. a subsequent application filed by the same 
sponsor or manufacturer of the biological 
product (or a licensor, predecessor in interest, 
or other related entity) for:

a. a change (not including a 
modification to the structure of 
the biological product) that results 
in a new indication, route of 
administration, dosing schedule, 
dosage form, delivery system, 
delivery device, or strength; or

b. a modification to the structure of 
the biological product that does not 
result in a change in safety, purity, 
or potency.

excLusiviTies for BiosimiLars 

The Biosimilars Act additionally establishes mar-
ket exclusivity periods for the first biological product 
approved as interchangeable with the brand-name prod-
uct. This interchangeable exclusivity period may range 
from 12–42 months. Pursuant to the Biosimilar Act, the 
first biosimilar applicant to earn interchangeable status 
will be granted one year of market exclusivity from the 
date of its first commercial marketing.62 However, this one 
year period of exclusivity may be extended in the event of 
litigation against the first licensee. In the event of a final 
court decision or dismissal on all patents-in-suit against 
the first approved biosimilar, for example, the first bio-
similar may receive 18 months of market exclusivity.63 
Moreover, in situations where the patent infringement 
action is ongoing, the first biosimilar may be granted up 
to 42 months of exclusivity before a subsequent biosimi-
lar may be approved.64 If no patent infringement suit was 

62 PHSA § 351(k)(6)(A).
63 PHSA § 351(k)(6)(B).
64 Id. § 351(k)(6)(C)(i).

brought against the first applicant, then the first biosimi-
lar may receive 18 months of exclusivity.65

paTenT dispuTe resoLuTion of The “paTenT 
dance”

The Biosimilars Act also provides a dispute resolution 
scheme to resolve patent disputes arising out of appli-
cations for approval of a biosimilar or interchangeable 
product. Under the Biosimilars Act, the applicant of the 
biosimilar is required to provide legal representatives of 
the reference product a copy of the application as well 
as additional information regarding the process used to 
manufacture the biological product within 20 days after 
acceptance of an application for a biosimilar by the FDA. 
The representatives of the reference product then have 
60 days to (1) provide the biosimilar applicant with a list 
of all patents for which the reference product sponsor 
believes a claim of patent infringement could reason-
ably be asserted against the biosimilar applicant, and (2) 
identify which of these patents it would be prepared to 
license to the biosimilar applicant. The biosimilar appli-
cant then has another 60 days in which to provide its 
own “counter-list” of patents that it believes a claim of 
patent infringement could be based on and reasonably 
be asserted against the biosimilar applicant. For each 
patent on both the reference product sponsor’s list and 
the biosimilar applicant’s list, the biosimilar applicant 
is required to provide either a “detailed statement that 
describes, on a claim-by-claim basis, the factual and 
legal basis of the opinion of the [biosimilar] applicant 
that such patent is invalid, unenforceable, or will not 
be infringed by the commercial marketing of the bio-
logical product” or a statement that is does not intend 
to begin commercial marketing before the date of pat-
ent expiry.” Within 60 days of receiving the biosimilar 
applicant’s list, the reference product sponsor is required 
to provide a “counter-detailed statement” explaining, 
for each patent listed, “the factual and legal basis of the 
opinion of the reference product sponsor that such pat-
ent will be infringed by the commercial marketing of the 
biological product” as well as a response to the biosimilar 
applicant’s statements of invalidity and unenforceabil-
ity. Once the above exchanges have been completed, the 
Biosimilars Act requires both parties to negotiate, within 
15 days, which patents, if any, will be the subject of an 
infringement action. 

65 Id. § 351(k)(6)(C)(ii).
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gLOBAL OutLOOk FOR 
BIOSIMILARS

Due to the increasing demand for treatments for debili-
tating diseases such as autoimmune diseases, metabolic 
disorders, degenerative diseases, blood disorders, and 
cancer, biologics are becoming ever more prevalent and 
may overtake small molecule drugs in the pharmaceuti-
cal marketplace in the near future.66 In fact, seven of the 
top eight best-selling drugs on the global market in 2013 
were biologics and eight of the top 15 were biologics.67 
The top selling biologics in 2013 were rheumatoid arthri-
tis drugs Humira® ($10.7B) and Remicade® ($8.9B). Other 
top selling biologics in 2013 include Rituxan® (($8.9B), 
Enbrel® ($8.3B), Lantus® ($7.8B), Avastin® ($7.0B), 
Herceptin® ($6.8B), and Neulasta® (4.4B), which are used 
to treat Non-Hodgkin’s lymphoma, plaque psoriasis, dia-
betes, colorectal cancer, breast cancer, and neutropenia, 
respectively.68

While biologics are increasing in popularity, they 
also tend to be quite expensive for the patient. On aver-
age, the cost of a biologic is over $16,000 per patient 
per year.69 However, the commercial price of any given 
biologic treatment can reach up to several hundred 
thousand dollars per year. To demonstrate how costly 
biologics can be, the annual cost for the cancer treatment 
drug Avastin® is approximately $60,00070 and Cerezyme®, 
which is used to treat Gaucher Disease, is over $300,00071 
per patient per year. Other annual costs per patient of 

66 Biologic medicines have been marketed to treat a 
number of diseases including multiple sclerosis, diabetes, 
rheumatoid arthritis, anemia, sepsis, and various cancers. 
For a catalog of currently approved biologics and their 
therapeutic indications, see FDA’s Therapeutic Biological 
Products, http://www.fda.gov/cder/biologics/default.htm 
(last visited Apr. 22, 2008).

67 Biologics Still on Top in Best Selling Drugs of 2013, http://
cellculturedish.com/2014/03/top-ten-biologics-2013-us-
pharmaceutical-sales-2/ (last visited Nov. 5, 2014). 

68 Id.
69 Andrew F. Bourgoin, What You Need To About The 

Follow-On Biologic Market in the U.S.: Implications, 
Strategies, and Impact at 1, Thomson Reuters 
(January 2011), http://thomsonreuters.com/products/
ip-science/04_013/newport-biologics.pdf. 

70 Paula Trioni, “Pharmaceutical Pricing: A Review of 
Proposals to Improve Access and Affordability of 
Prescription Drugs,” 19 Annals of Health Law (2010), 311.

71 Anna Edney, Sanofi Wins U.S. Approval for New Gaucher 
Disease Pill, Bloomberg, (Aug. 19, 2014, 4:45 PM ET), 
http://www.bloomberg.com/news/2014-08-19/sanoif-wins-
u-s-approval-for-new-gaucher-disease-pill.html.

top biologics are equally expensive, including Enbrel® at 
$26,000, Herceptin®, a drug used to treat breast cancer, 
at an average of $37,000, and Humira®, which costs more 
than $51,000.72 To put into perspective aggregate amounts 
spent on specific biologics, the Centers of Medicare and 
Medicaid Services reportedly spends approximately $2 
billion each year on the anemia treatment Epogen®.73

In 2013, the global market of biosimilars was esti-
mated to be $1.3 billion, and it is expected to increase to 
around $35 billion by 2020.74 While brand-name biologic 
drugs have certainly generated significant sales in recent 
years, the expiry of patents covering popular biologics 
paves the way for biosimilars to enter the pharmaceutical 
market. Over the next four years, ten biologic drugs with 
over $60 billion in combined sales will face key patent 
expirations.75 The biologics approaching this so-called 
“patent cliff” include market titans such as Humira®, 
Remicade®, and Enbrel®. With the expiration of the pat-
ents protecting these major biologic drugs looming, it is 
expected that more biosimilars will seek approval and 
enter the market.

The future of biosimilars is only enhanced by the 
fact that the first two biosimilar products have been 
approved by the FDA, and several more have been 
accepted for review. The first biosimilar approved under 
the Biosimilars Act is Sandoz’ Zarzio®, which is a bio-
similar version of Amgen’s Neupogen® (filgrastim), a 
biologic used to prevent infections in cancer patients 
getting certain treatments that result in a decrease in 
infection-fighting white blood cells. The reference prod-
uct, Neupogen®, generated $1.4 billion in sales in 2013.76 
Sandoz’s biosimilar is the first biosimilar application 
known to have been accepted by the FDA for review since 
the enactment of the Biosimilars Act in 2009 and also 
the first biosimilaar approved under the new pathway.77 
Prior to its approval in the US, Sandoz’s biosimilar had 
already been approved in more than 40 countries outside 
the US, with approvals in Japan and Europe.78

72 The Generic Pharmaceutical Association. Generic Drug 
Savings in the U.S. Fourth Annual Edition: 2012

73 Schacht, Wendy H., and Thomas, John r. “Follow-On 
Biologics: The Law and Intellectual Property Issues.” 
Congressional Research Services, December 6, 2012.

74 Biosimilars/Follow-on-Biologics Market is Expected to 
Reach $35 Billion, Globally, by 2020, PR Newswire, (July 
21, 2014), http://www.prnewswire.com/news-releases/
biosimilarsfollow-on-biologics-market-is-expected-to-
reach-35-billion-globally-by-2020-267947471.html.

75 Id.
76 Id.
77 Id.
78 Id.
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The second biosimilar approved by the FDA was for 
Celltrion’s biosimilar version of Johnson & Johnson’s 
Remicade® (infliximab), a monoclonal antibody used to 
treat autoimmune diseases such as rheumatoid arthri-
tis.79 While Celltrion’s Remsima® application was the 
second biosimilar application known to be filed under 
the Biosimilars Act, it was the first application that has 
been filed for a biosimilar monoclonal antibody.80 Prior 
to its approval in the US, Celltrion’s infliximab biosimi-
lar was already marketed in over 50 countries worldwide 
under the brand name of Remsima®.81 In fact, Remsima® 
remains the world’s first and only biosimilar monoclonal 
antibody to be approved by the European EMA, Japan 
MHLW, Health Canada, and now the US.82

IMPLICAtIONS FOR tHE 
HEALtHCARE INduStRy

While the Biosimilars Act, the EMA, and the Japanese 
guidelines pathways are intended to promote develop-
ment of biosimilar products, questions remain about 
whether these regulatory regimes can, in fact, promote 
the development of safe and affordable biosimilars and 
ensure continued development of novel biologic medi-
cines. 83 This is, in part, due to the strict standards for 
achieving “biosimilarity” and “interchangeability,” 
safety considerations, the uncertain exclusivity time-
lines that undermine biosimilar market exclusivity, and 
potential loopholes that allow agreements between refer-
ence product sponsors and biosimilar manufacturers to 
extend their market exclusivity periods.

A major obstacle presented by these regulatory regimes 
for biosimilars is the uncertainty, difficulty, expense, and 
risk associated with the development of a biosimilar.84 As 
previously mentioned, biosimilars may need to qualify as 
either “biosimilar” or as “interchangeable” to be approved 
under the Biosimilars Act. Despite FDA guidance on the 

79 Celltrion files for US FDA approval of Remsima®, Celltrion, 
(Aug. 11, 2014), http://www.celltrion.com/en/COMPANY/
notice_view.asp?idx=456&code=ennews&intNowPage=1&
menu_num=&align_year=all

80 Id.
81 Id.
82 Id.
83 Joanna T. Brougher and David A. Fazzolare, “Will the 

Biosimilars Act Encourage Manufacturers to Bring 
Biosimilars to Market?” Food and Drug Policy Forum, 
Vol.1, No. 5, March 8, 2011.

84 Will the Biosimilars act encourage manufacturer to bring 
Biosimilars to Marker? FDLI’s. Brougher, J. March 2011 
Volume 1, Issue 5.

subject matter, it is still unclear exactly what qualifies as 
“highly similar” or how much safety and efficacy data is 
required for the various studies, and since no company 
has yet successfully navigated through the new approval 
process, there is no clear definition of the requirements 
needed to satisfy these various standards.85 

On the other hand, the EMA provides several guide-
lines for specific products, and the Japanese MHLW gives 
supplemental notifications that improve the clarity of the 
guidelines. Although the pathways for biosimilars were 
created at almost the same time in the U.S. (2010) and 
Japan (2009), more biosimilars have been approved in 
Japan during this time. This shows that the uncertainty 
of the standards in the US is creating a more difficult bar-
rier to approval for applicants as compared to Japan. 

The limited guidance that may be available from the 
biosimilars that have been approved under the BLA pro-
cess illustrates how difficult it may be for a biosimilar 
product to attain the higher and more desired classifi-
cation of “interchangebility.” Omnitrope®, for example, 
received FDA approval in 2006 only as a biosimilar, but 
not as a substitutable, or interchangeable, product for 
Pfizer’s reference product, Genotropin®. In support of 
its application, Sandoz submitted extensive clinical data 
to demonstrate the biologic’s pharmacokinetic, pharma-
codynamic, physiochemical, and bioavailability similar-
ity to Genotropin®, in addition to new pharmacology, 
toxicology, and safety data specific to Omnitrope®. 
Even though the supporting data was not as extensive 
as required for a new drug, Sandoz still invested a sig-
nificant amount of time and resources developing the 
product. Lacking clear guidelines for attaining biosimi-
larity and interchangeablity, manufacturers of biosimi-
lars could find themselves expending time and resources 
on studies that may fail to reach the threshold of FDA 
approval.

Concerns about immunogenicity further compound 
apprehensions about developing biosimilars. Even minor 
changes in one amino acid or in the formulation of the 
biologic can affect the safety of the drug. Problems sur-
rounding the safety of the biologic, however, may not be 
fully understood until post market surveillance when 
more patients are exposed to the drug. Even if only a few 
patients are negatively affected by a biosimilar after it has 
reached the market, that biosimilar may be pulled off the 
market and the company manufacturing it may not only 
fail to recoup the investment of developing the drug, 
but may also be responsible for potential liability. As a 
result, the difficulty and risk in developing biosimilars 

85 FDA Guidance for Industry, “Clinical Pharmacology Data 
to Support a Demonstration of Biosimilarity to a Reference 
Product” May 2014.
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may consequently deter manufacturers from engaging in 
biosimilar development. 

Another hurdle produced by the Biosimilar Act 
is the uncertain exclusivity timelines awarded to first 
interchangeable biosimilars. Unlike under the Hatch-
Waxman Act, which provides the first approved generic 
drug applicant with a 180-day period of market exclusiv-
ity, the Biosimilars Act provides no set period of time to 
the first interchangeable biosimilar. As currently writ-
ten, the Biosimilars Act includes four provisions con-
cerning timelines that effectively prohibit the FDA from 
approving subsequent interchangeable biosimilars. As a 
result, the period of exclusivity granted to the first inter-
changeable biosimilar may vary depending on a number 
of factors and can range anywhere between 12 and 42  
months.86 This is in contrast to the EU and Japan, which 
have a distinct market exclusivity period. Without a clear 
understanding of what the market exclusivity available to 
the first interchangeable biosimilar will be, manufacturers 
may not undertake the increased expenditures and risks 
associated with developing interchangeable biosimilars if 
there is a chance that they may not receive the exclusivity 
that they are promised for undertaking such risks. 

Another impediment presented by the Biosimilar 
Act is the possibility of authorized interchangeable set-
tlement agreements. These agreements are arrangements 
between the reference product and biosimilar manu-
facturers to forgo patent infringement litigation in the 
interest of sharing the statutory exclusivity awarded to 
the first biosimilar applicant.87 As seen with the Hatch 
Waxman Act, these authorized settlement agreements 
help the reference product obtain an additional period 
of market exclusivity, which ultimately delays biosimilar 
competition by up to 18 months.

Under the Biosimilars Act, settlement agreements 
are permissible since litigation of the innovator’s patents 
is not a prerequisite of obtaining exclusivity as it is with 
the Hatch-Waxman Act. Pursuant to Paragraph (4)(A) of 
the Biosimilars Act the reference product and biosimilar 
manufacturers are required to engage in good faith nego-
tiations in order to agree upon which, if any, patents cov-
ering the brand-name biologic are to be litigated.88 If the 
reference product and biosimilar manufacturers agree 
under Paragraph (4)(A) that none of the patents covering 
the brand-name biologic product will be litigated, then the 
reference product manufacturer could elect to enter into 
a licensing agreement with the biosimilar manufacturer, 

86 PHSA § 351(k)(6)(A).- (C)
87 Fazzolare, David A. “Gaming the Biosimilars Act: 

Loopholes Allow Authorized Interchangeable Settlement 
Agreements to Delay Authentic Generic Competition up 
to 18 Months,” FDA Update, July/August 2010.

88 Biosimilars Act, § 351(l)(4)(A).

which could subsequently delay biosimilar market entry 
beyond the exclusivity provided for in the Biosimilars Act.

A further concern presented by the Biosimilars Act 
is that the Biosimilars Act may fail to provide the neces-
sary incentives, specifically financial motivations, to pro-
mote continued development of novel biologic products. 
Reduced innovation among reference product compa-
nies to develop and commercialize biologics will result 
in fewer novel biologics on the market and, in turn, fewer 
available treatment options. 

For instance, there are concerns that the market 
exclusivity period provided under the Biosimilars Act 
may be insufficient to ensure a large enough financial 
return to justify the risk and expense in connection with 
developing a biologic.89 Specifically, the 12 years of exclu-
sivity currently awarded under the Biosimilars Act may 
not be long enough to successfully encourage continued 
biotechnology innovation. Under the Hatch-Waxman 
Act, the average market exclusivity period that brand 
manufacturers receive is about 11.5 years.90 Nevertheless, 
even with almost 12 years of effective exclusivity, brand 
manufacturers continued to focus their resources on 
incremental innovation and competition for a share of 
the generic market with the result being a decrease in 
new pharmaceuticals being developed and commercial-
ized. If 11.5 years is insufficient to produce the level of 
pharmaceutical innovation needed to produce a signifi-
cant number of novel small molecule drugs, known as 
New Chemical Entities, then 12 years may not be a long 
enough exclusivity period for biologics. In fact, in Japan, 
where only eight years of market exclusivity is provided 
for both small molecule drugs and biosimilars, brand 
companies develop fewer novel biologics as compared to 
the U.S companies.

Due to the aforementioned challenges of developing 
biosimilars, the Biosimilars Act may encourage manu-
facturers to develop “biobetters” rather than lower cost 
biosimilars. Biobetters are improved versions of existing 
biologic drugs and can improve upon the original in a 
number of ways, such as reducing the side-effect profile 
of the drug. Since biobetters are regulated as innova-
tive drugs, they are approved by way of the existing BLA 
route, which is clearly defined, better understood, and 
provides a proven pathway to approval. Moreover, the 
BLA route awards 12 years of exclusivity for structural 

89 Brougher, J. “Intellectual Property and Health 
Technologies: Balancing Innovation and the Public’s 
Health” Springer Publishing, 2014 ed.

90 Manheim BS, et al. ‘Follow-On Biologics’: Ensuring 
Continued Innovation In The Biotechnology Industry. 
Biotech Industry. March/April 2006, 394–403.
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changes to existing biologics that result in enhanced 
safety, purity, or potency.91 

Because of the reduced risk associated with develop-
ing biobetters, companies are directing their attention to 
pursuing them. Biobetters have also proven themselves 
to be extremely profitable. Amgen’s biobetter Neulasta®, 
used for the treatment of neutropenia, for instance, gen-
erated more than $3.3 billion in annual sales compared 
to only about $900 million a year for the original product 
Neurogen®. Similarly, Roche’s biobetter Pegasys®, which is 
an improved treatment for hepatitis C, generated $1.58B 
in 2010, more than double the amount that Roche’s orig-
inal product PegIntron® generated. Therefore, while the 
route established by the Biosimilars Act to bring bio-
similars to market is, at least at the moment, filled with 
uncertainly, biobetter development under the BLA route 
may be a preferred alternative for companies when faced 
with deciding between little to no market exclusivity and 
the possibility of 12 years of market exclusivity.

91 Biosimilars Act, § 351(k)(7)(C).

SuMMARy

With biosimilars poised to make a major breakthrough, 
much attention has turned to if and how they will be 
approved, particularly under the new approval path-
way established by the Biosimilars Act. The Biosimilars 
Act creates numerous challenges that may impact bio-
similar development and ultimately commercializa-
tion. Although the Biosimilars Act, like the EMA and 
Japanese pathways, is intended to promote development 
of biosimilars, questions remain about the uncertainty 
created by the Act. While it is unclear exactly how bio-
similar approval will play out under the Biosimilars Act, 
what is clear is that a significant amount of discussion 
will ensue surrounding interpretation of the Biosimilars 
Act and how the FDA implements it.
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In this article I discuss biosimilars of monoclonal 
antibodies and focus specifically on mature markets.

Over the past few years, biosimilars became the 
promised land of the pharmaceutical industry. Seven out 
of the top ten drugs are biologics. And all are about to 
lose patent protection by 2020, representing an underly-
ing pool of $60bn branded sales. While it looks like the 
next Eldorado is in front of us, the biosimilars market 
is also a challenging opportunity, where the players 
have to deal with high R&D costs, unclear regulatory 
pathways, and uncertainty around business models. To 
make the biosimilars opportunity a sustainable market, 
it has to be profitable. In this article, I would like to dis-
cuss how innovative business models can help biosimil-
iars players to de-risk and ensure profitability. Looking 
at the example of the airline industry and analyzing the 
development chain for biosimilars, I would like to pro-
pose options to de-risk investments, optimize costs, and 
maximize sales.

BIOSIMILARS, A CHALLENgINg 
OPPORtuNIty

First, important investments are required to play in the 
biosimilars space. On average to develop a biosimilar, 
you need to put down an initial investment in the range 
of $150m to $300m over an 8 year time period. And 
this is just to come up with a compound. Additionally, 
as competitive manufacturing costs and supply reliabil-
ity are prerequisites for any biosimilars player, there is 
a need for reliable manufacturing capacity. Which may 
be another $50m to $100m additional capex investment. 
Unless the player can leverage its existing biologic manu-
facturing capacity.

Then, there are still many regulatory uncertain-
ties, especially in the US. The US accounts for half of 
the opportunity today, but regulatory pathways are still 
being clarified. For example, there is no clearly defined 
provisions for interchangeability or substitution. On 
the other side, originators are filing law suits to block 
biosimilars and to delay their entry. There is evidence 
of substantial pushback from innovator companies to 
delay biosimilar entry and hinder competition in the US 
market.
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Next, there are many uncertainties around the 
business models for biosimilars. For the first wave of 
monoclonal antibodies biosimilars, not only there is an 
increased need for clinical data to justify biosimilarity, 
there is also a high need to educate the medical profes-
sion about biosimilars, as well as mastering payer con-
tracting to ensure access to patients.

Finally, no player will be able to offer a one-stop 
shop with a complete portfolio of all the biosimilars. This 
fragmentation will force hospitals to source from many 
players, which means duplicative efforts to source the 
biosimilars versus if a player could offer all the biosimi-
lars at once.

tHE ExAMPLE OF tHE AIRLINE 
INduStRy IN 2000

Before 2000, each airline was going solo across the 
entire value chain of the airline business. Each com-
pany had their own procurement, their own main-
tenance and repair, their own booking system, and 
their own frequent f lyer program. In the year 2000, 
the airline industry got hit by a major crisis. Oil prices 
were skyrocking. The advent of the internet allowed 
for price discovering, which eventually led to a price 
war and a downward spiral of profitability. Finally 
9.11 brought ‘le coup de grace’ as traffic drastically 
decreased in a matter of months with public fear of 
f lying.

How did the airline industry survive? First by 
pin-pointing the problem. There was a big waste in 
the airline industry with many duplicating efforts. So 
what was the solution? The solution was to improve 
efficiency. The number of players decreased through 
industry consolidation. Many of the underperform-
ing companies went bankrupt. There was a major 
stream of collaboration with the advent of partner-
ships and alliances. American Airlines led the initia-
tive with the creation of One World comprised of 16 
permanent partner airlines. Lufthansa led the sec-
ond biggest alliance, Miles & More, comprised of 13 
permanent partner airlines. Each alliance offered its 
partners shared procurement where pooled purchase 
of airplanes allowed to get bulk discounts. Each alli-
ance also offered shared center of excellence which 
led to substantial economies of scale in maintenance, 
repair, and booking systems. Finally each alliance 
offered a pooled frequent f lyer program which incen-
tivized passengers to f ly with the airlines within the 
alliance.

Before looking at the potential translation of the les-
sons learnt from the airline industry, let’s quickly review 

the development chain for biosimilars. In this way, we 
can pin-point exactly where the investments are needed 
and where the costs occur.

tHE BIOSIMILAR dEvELOPMENt 
CHAIN

There are five areas of investment for any biosimilar 
player:

Step #1 is R&D. It includes cell-line & process 
development, reference material sourcing, and 
analytics, and manufacturing scale-up.

Step #2 is Manufacturing. This step is directly 
linked to step #1 as the process development 
and the manufacturing scale-up should 
preferably be done in the final manufacturing 
plant.

Step #3 is Regulatory. It is critical to get FDA 
and EMA green light. Note that US and EU5 
account for over 70% of the total biosimilar 
potential.

Step #4 is Market Access. It is not sufficient 
to put a product on the market. The drug also 
needs to be made available from the payers. 
Establishing strong payer relationships is key to 
ensure the drug gets on the formulary and gets 
reimbursed.

Step #5 is Marketing. There is a need to adopt 
a branded mentality to win stakeholder trust. 
Which is an expensive commercial approach 
to build from scratch. Unless the player has 
biologic experience to build upon.

As a base across all these steps, clearing the IP land-
scape is of paramount importance. It implies to have an 
in-house legal team to ensure no infringement on valid 
patents through the development stages. It also implies 
significant investment in legal battles to neutralize origi-
nators defense strategies against biosimilars.

In my opinion, the players who master these 5 
steps – as depicted in Figure 1, including IP, will be best 
equipped to master the biosimilar environment.



Journal of CommerCial BioteChnology  ht tp://www.CommerCialBioteChnology.Com 76

POtENtIAL tRANSLAtION FROM 
AIRLINES tO BIOSIMILARS

Just like in the airline industry before 2000, we are 
duplicating efforts and under-utilizing assets. For 

example, there are over 20 companies working on a 
biosimilar of Adalimumab. Each player is working in 
silos, buying the same reference material and doing 
the same analytical work. Just like in the airlines 
industry, we could build alliances and partnerships to 
better leverage asset utilization. We could collaborate 

cx
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Pooled purchase of airplanes

cx
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Figure 2 : Potential Translation from Airlines to biosimilars
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on sourcing reference materials and align on stan-
dards for analytics. How could such a collaboration 
look like? First we need to have at least three compa-
nies in the cooperation. Then data needs to be shared 
not as package, but when available and everybody 
should only have access after the overall fee had been 
paid. Finally, outsourcing of general analytical char-
acterization for each partners’ compounds would be 
helpful to such a collaboration because it decreases 
the amount of cross-validation. In this context, a fire-
wall between the participating companies would be 
crucial in order to not destroy the competition and 

to equalize the timing. In Figure 2, you will find an 
illustration of the potential translation from airlines 
to biosimilars.

dISCLAIMER

The views and opinions expressed in the above article are 
those of the author and should not be attributed to, or 
considered as reflecting the position of EMD Serono or 
its management.
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INtROduCtION

While biotechnology has application in a 
number of fields, including biofuels, biocrops 
and industrial applications, drug development 

is the standard bearer in the business of biotechnology, 
not only because cures for diseases capture public imagi-
nation and have profound societal value, but because the 
financial rewards for successful drug development are so 

substantial. Indeed, Pisano ignores all other applications 
and defines “biotechnology” as all those technologies that 
could be applied to pharmaceutical drug research and 
development, including biology, chemistry and computer 
science.1 He further defines a biotechnology firm as “any 
firm founded after 1976 that has the principle purpose of 
advancing, developing, or commercializing these tech-
nologies for drug discovery” (p. 16).

Pisano characterizes these biotechnology firms 
principally as ‘middlemen’ in the R&D supply chain that 
take on projects at an early stage, develop them to some 
point, and then license them to pharmaceutical partners 
for final development and commercialization.1 Figure 1 
shows the pharmaceutical R&D value chain, in which 
biotechnology firms operate.2
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 The drug development process starts with identify-
ing and validating a disease target, typically a protein, 
which could act as a locus for intervention in a disease 
pathway. Typically, this is carried out by universities and 
other public research organizations. The next step is find-
ing lead compounds that will interact with that target, 
and once these are optimized, they undergo preclinical 
development in anticipation of entry into human studies. 
As the drug enters human clinical studies, it is referred to 
as a ‘candidate drug’ and proceeds through three phases 
of clinical evaluation, starting with safety testing (Phase 
I), dosage, safety and preliminary efficacy testing in a 
small number of patients (Phase II) and finally, a large 
scale, pivotal study (Phase III).

If the candidate drug survives all this, the sponsor-
ing pharmaceutical company will apply to the U.S. FDA 
(Food and Drug Administration), or equivalent author-
ity elsewhere, for approval to market the drug. The entire 
process may span 10-15 years and at the Phase I stage, 
a candidate drug has only a 19% chance of gaining 
approval, on average.3 Most biotechnology firms focus on 
the preclinical stage through to Phase II clinical develop-
ment, with Phase II generally being the optimum point 
for licensing to a pharmaceutical partner.2

In summary, biotechnology firms typically in-
license advances in basic science, usually patents or lead 
compounds from universities, progress them to candi-
date drugs,4 take them through early clinical develop-
ment and push them towards the market, usually via a 
pharmaceutical partnership. The fact that biotechnology 
firms are intermediaries in a long and risky develop-
ment pathway and may not launch products themselves 
or compete in traditional markets, makes strategic plan-
ning for such firms uniquely challenging.

StRAtEgIC PLANNINg IN BIOtECH

Surprisingly, not much has been written about the spe-
cific challenges of strategic planning for biotechnology 
firms, with most of the planning approaches proposed 
being no different to other industries. According to one 
author,5 the starting point for strategic planning for bio-
technology firms is the long-term objectives of manage-
ment, i.e., the vision, as shown in Figure 2.

That paper asserts that, because the business of 
biotechnology is so complex and uncertain, a vision is 
critical to driving the strategic planning process for bio-
technology firms. But what if the long term vision of the 
founder is wrong or unrealistic?

Because of the uncertainties and complexities of the 
drug development business, along with the turbulence in 
the regulatory and funding environment, the chances of 
setting an inappropriate goal upfront are greater than in 
any other business. Forced to arrive at a vision to seed 
the strategic planning process as prescribed, a biotech-
nology firm founder might decide that his/her vision is 
to build a global, fully-integrated pharmaceutical com-
pany (FIPCO), which is an utterly unrealistic goal for a 
start-up biotechnology firm that may have one or two 
preclinical-stage candidates, each with a 90% chance of 
failure before reaching the market.

Even a generic goal or vision, such as “to create value 
for our investors” offers no insight as to the pathway and 
is hollow as a strategic guide. A vision aimed at a particu-
lar therapeutic area, such as cancer, ignores the reality 
that many biotechnology firms will grow a portfolio of 
candidate drugs, perhaps from the same technology plat-
form, which could span multiple therapeutic fields. With 
the rapid evolution of technology, a vision focused on a 
specific technology platform may be equally inappro-
priate, because the technology may become obsolete or 
the biotechnology firm may in-license or discover alter-
native or improved technology approaches. To a large 
extent, therefore, the future evolution of a biotechnology 
firm may be unknowable and attempting to prescribe 
early boundaries in the form of a vision is likely to be 
counter-productive.

According to the same author, once the vision is 
laid down, the planning process for biotechnology firms fol-
lows the same overall steps as for other industries (Figure 
2), namely: conduct an internal and external situation 
analysis using SWOT and an external auditing analysis 
similar to a PESTLE analysis. This allows the company 
to establish strategic goals and conduct a gap analysis to 
assess variance between projected revenues and the stra-
tegic goals. This is followed by assessment and selection 
of strategy alternatives that emerge.

Techniques such as PESTLE and SWOT are inter-
nal and external auditing tools rather than strategy 

 

Figure 1: Pharmaceutical R&D Value Chain 

Source: “Unleashing Pharma from the R&D Value Chain”, 2013 report by A.T. Kearney, Inc. 
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forming or directing tools. Without the context of a 
strategic goal and pathway, they offer little utility. In the 
case of SWOT, analyzing strengths and weaknesses pre-
supposes a goal for the business, but this is not explicit 
in most cases and may be unknowable for an early 
stage biotechnology firm. Analyzing opportunities and 
threats assumes a market or competitive arena, but this 
is not defined.

PESTLE analysis is an additional auditing tool that 
seeks to analyze the environment within which the 
firm operates, but the lenses offered are not particu-
larly relevant to the business of biotechnology firms 
and lack strategic context. An environmental audit 
may help management manage risk and adjust the 
company’s current direction accordingly, but it fails to 
provide a goal-relevant framework for de novo strategy 
formation.

Gap analysis comprehensively fails for biotech, 
because there are no sales,6 from which to build a revenue 
trajectory, on which a gap analysis might be constructed, 
in order to arrive at non-organic strategies for growth; 
virtually everything to do with the value proposition of 
the biotechnology business is organic. Similarly, portfolio 
analysis tools such as the BCG model and similar mod-
els do not work, because biotechnology firms, as defined, 
have no marketed products and do not operate in prod-
uct markets in the traditional sense. Moreover, most bio-
technology firms often do not have a lot of choice about 
what product markets they may enter or exit, as these are 
mostly predetermined by the therapeutic indications for 
the candidate drugs that they have in development.

In summary, none of the traditional strategic plan-
ning models or frameworks offers much utility as a 
strategy formation tool for biotechnology firms. One 
technique that is not used as frequently as the above 
approaches, but has strong support in management texts 
as a strategic planning framework, is Porter’s Five Forces 
Model of strategic analysis. It is also a model that has 
been applied to the pharmaceutical industry.7–9 

tHE FIvE FORCES MOdEL

For several decades, Porter’s Five Forces Model (FFM), 
as shown in Figure 3, has shaped the strategy thinking 
of managerial academics and to some extent, practicing 
managers. Indeed, recently, Porter provided an update 
on the model re-emphasizing its potential to help prac-
ticing managers understand strategic implications for 
their firms.10

The FFM asserts that there are five competitive forces 
that determine the long term profitability of an industry 
and that should be the drivers of strategy. Basically, the 
stronger the five forces, the lower the profitability for the 
existing competitors, because strong forces attract profit 
in their direction leaving less for other players. Where all 
the forces are strong, then the profitability for the com-
petitors will be very low.

One way in which the model can be used to shape 
strategy is to help decide what industries to enter and 
which to avoid. For players already committed to a spe-
cific industry and where the forces are strong, they can 
use it to find niches where one of the forces may be lower 
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Figure 2: Biotechnology Strategic Planning Process  

Source: Muller, C. 2002. Strategic management: A tool for growth in the 
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or use tactics to neutralize or diminish one or more of 
the forces. Porter’s overarching premise is that by under-
standing the structure of the industry in terms of the 
drivers of profitability, competitors can stake out posi-
tions that allow them to achieve sustainable profitability. 
Porter asserts that despite the apparent superficial dif-
ferences between industries, the underlying drivers of 
profitability as identified in the model are the same for 
all industries.

FFM has been the subject of both praise and criticism 
in the literature, which has been summarized and 
reviewed by others.11–13 From a practitioner’s perspective, 
one notable criticism is that, while prominent in texts and 
business schools, FFM has not achieved great traction 
with practising managers. One study11 estimates that 
only 15-20% of practising managers are familiar with the 
model and as few as 5% actually use it, compared with 
the awareness and usage of SWOT analysis, estimated at 
90-95% and 50%, respectively.

Given FFM’s lack of use in most markets, and given 
the poor utility for biotechnology of those approaches 
that are widely used, the present authors considered that 
FFM might offer hidden and as yet, unexplored, utility as 
a strategic planning model for biotechnology firms.

FFM IN BIOtECHNOLOgy: CASE 
Study

FFM has been applied by some consultants, companies 
and researchers in the pharmaceutical industry.7,9 It 
has also been applied in the biotechnology industry by 
consultants8 in reports produced and marketed by con-
sulting firms that use FFM as part of a global or coun-
try-specific overview of the industry. In these cases, the 
analyses tend to be descriptive summaries of each of 
the five forces as they apply to the overall biotechnol-
ogy sector in a particular country and to the extent that 
there are any strategic inferences made, they tend to be 
broad and industry-level. Further, by inference, they 
are oriented towards larger, revenue-generating firms, 
rather than biotechnology firms, according to the pres-
ent definition.

In one case,14 consultants did apply FFM to a spe-
cific biotechnology firm, ostensibly to guide strategy 
formation. Again in this case, the output of the FFM 
process was merely a descriptive summary of the forces 
at play in the industry as a whole, and these summaries 
did not appear to be connected to the specific strategic 

 

Figure 3: Porter’s Five Forces Model 

Source: Porter, M. (2008) “The five competitive forces that shape strategy.”  
Harvard Business Review. 2008. 86(1):78-93, 137 
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recommendations made for the company. The present 
study sought to explore whether FFM could be applied 
usefully to a pre-commercial drug development bio-
technology firm and whether it had utility in deriving 
strategy drivers or recommendations for a specific firm, 
rather than simply at an overall industry level.

To this end, we selected a four year-old, privately-
held, US-based biotechnology firm with 17 employees, 
which was engaged in discovering and developing small 
molecule cancer drugs. The firm’s technology comprised 
patents it had licensed from three academic institutions, 
in addition to patents its own scientists had filed on spe-
cific candidate drug molecules that they had discovered. 
The company’s compounds were all in the discovery or 
preclinical stage of development. In many ways, this was a 
typical, early-stage drug development biotechnology firm.

The FFM application process entailed a half-day 
planning session, in which the senior managers of the bio-
technology firm participated. The FFM framework was 
briefly described to the management team and then they 
were asked to review each of the five forces and examine 
their relevance and impact on the company and its future. 
For each force, the team was asked to identify important 
issues that emerged. At the end of the session, the man-
agement team was asked to comment on the usefulness of 
the model as a strategic planning tool for their company.

Overall, the FFM planning exercise was not regarded 
by the firm’s management team as useful in assisting 
the strategic planning of their business. The reasons are 
summarized below.

1. profiT was noT a reLevanT driver of 
success

One of the fundamental problems encountered was that 
FFM is premised on profitability as the driver of strat-
egy selection. The management team of the firm stated 
that this had little relevance to their company, since their 
goal was not to achieve profitability, at least in the fore-
seeable future, but to build value for investors and secure 
pharmaceutical partnerships. In order to proceed with 
further application of the model, it became necessary to 
substitute ‘success’ for ‘profitability’ as the criterion for 
consideration and analysis of the forces, where success 
was deemed to be (or include) long-term value creation 
for investors.

2. governmenT was noT incLuded as a 
force

Another important observation by the team was that 
FFM omitted government as a force. It was felt that 
the impact of legislation and regulation was a crucially 
important force in determining the success of a biotech-
nology firm. Changes in regulations or interpretations by 
the FDA and other regulatory authorities could change 
the probability of a company’s candidate drugs gaining 
marketing approval or could increase the costs of drug 
development by imposing new safety or other hurdles. 
Changes in patent law or court rulings around patents 
could also have a significant impact in some cases. New 
federal legislation could have positive or negative effects. 
As a recent example, the Biologics Price Competition 
and Innovation Act of 2009 introduced 12-year market 
exclusivity for biologic drugs in the US, effectively guar-
anteeing a pharmaceutical partner a healthy protected 
commercial life regardless of patent status. This signifi-
cantly changed the relative attractiveness, in terms of 
value creation potential, of biologic drugs compared with 
small molecule drugs for development and partnering.

3. rivaLry amongsT exisTing compeTiTors

The management felt this force was not meaningful to 
their business, because it was hard to identify any com-
petition. It was felt that the technology space in which 
this and other biotechnology firms operate are often rela-
tively uninhabited and most biotechnology firms rarely 
interact with or encounter rival firms, at least not in the 
frequent and systematic way envisaged by FFM. One rea-
son is that patents are crucial for a biotechnology firm 
and it cannot garner initial investor funding without a 
robust patent position. Therefore, from the outset, each 
biotechnology firm moves in a slightly different tech-
nology stream to other biotechnology firms and there 
are rarely direct competitors in the sense anticipated by 
FFM. In the case of their firm, they could not identify 
any direct or current rivals and to the extent that there 
were indirect rivals, they did not affect the company’s 
prospects for success. Other factors, such as funding 
and garnering partnerships, were considered much more 
important to success.

4. ThreaT of new enTranTs

The management team saw this force as having no real 
strategic relevance, either. Again, this is because patents 
represent solid barriers to entry of any direct technology 
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rivals. If there are new entrants, they rarely become direct 
competitors in the sense anticipated by FFM, because 
their genesis requires a clear patent position, which by its 
nature, means that they operate in different technology 
streams.

5. ThreaT of suBsTiTuTe producTs

Similarly, it was difficult to see this force as relevant 
unless conceived very broadly as substitute technologies, 
in which case and especially in the cancer field, there 
were very many potential substitute products and tech-
nologies that existed or could emerge. All of these could 
compete for funding and for pharmaceutical partner-
ships and thereby constitute substitutes or competitors. 
However, none of the identifiable substitute technolo-
gies was thought to represent an immediate threat that 
might impinge the success of the biotechnology firm in 
the medium term.

6. Bargaining power of Buyers

This force needed to be interpreted as the bargaining 
power of pharmaceutical partners with respect to part-
nerships, for it to be relevant to biotechnology firms. 
While it was agreed that such ‘buyers’ had very substan-
tial influence on the success of a biotechnology firm, 
abstraction of the notion of buyers to include pharma-
ceutical partnerships seemed fallacious, because phar-
maceutical partnerships are not a competitive threat, but 
rather are cooperative arrangements that provide valu-
able funding, investor value accretion due to the com-
mercial affirmation that such a deal represents, and a 
potential pathway to an exit for investors if a trade sale 
ensues. In any case, the nature of the buyers anticipated 
by FFM is very different to such partnerships.

7. Bargaining power of suppLiers

To be relevant to the firm, ‘suppliers’ needed to be inter-
preted as technology licensors, which in this case, would 
be academic institutions. However, the relationships 
with the company’s three licensors had little operational 
or strategic relevance to the biotechnology firm, because 
once the license deals were struck, the license terms sim-
ply represented a relatively static, long-term obligation 
to the company and the licensor had little influence on 
the day-to-day company operations or direction. It was 
acknowledged that if a poor bargain had been struck 
with the licensor in the first place, then it could affect 
the prospects of attracting a pharmaceutical partnership. 

For example, if the institution had the right to a substan-
tial royalty on sales, then this could impinge the in-mar-
ket profitability of the pharmaceutical partner and make 
a partnership with the biotechnology firm less attractive. 
In fact, this firm had had this experience with one of its 
institutional technology providers and recently renego-
tiated the terms of the license, precisely for this reason. 
Unlike the ‘suppliers’ in FFM, the institution was recep-
tive to this, because it was in its interest to see a pharma-
ceutical partnership executed or the technology would 
never be commercialized.

In terms of output from the exercise, the list of issues 
or factors generated from the examination of each of 
the four external forces was short and provided no new 
insights to strategy formation in the view of the manage-
ment team. The fifth force, ‘internal rivalry’, was consid-
ered largely irrelevant, but if conceived as factors internal 
to the company – a conception that seemed more useful 
to the management team – then it generated a productive 
list of issues that were relevant to strategy, notably com-
petency gaps, funding issues, investor relations, facilities 
and location decisions.

dISCuSSION: tOWARdS A NEW 
MOdEL OF StRAtEgy PLANNINg

Biotechnology firms are not well-served by widely-used 
strategy tools, such as SWOT, PESTLE and gap analysis. 
The present case study demonstrates that Porter’s Five 
Forces Model also fails as a strategic planning tool.

An obvious limitation of this study is that it is based 
on a single case. However, the misfit of FFM was so pro-
found, it is hard to envisage that it would fare any better 
in a larger sample of drug development biotechnology 
firms, given the inappropriateness of the traditional mar-
ketplace model and the focus on profitability as the goal.

Biotechnology firms are not driven by profitability 
as a strategic or operational goal. Rather, their goal is to 
create value, which is achieved by progression of candi-
date drugs along the development pathway.15 This value 
is affirmed and amplified by a pharmaceutical partner-
ship, and ultimately monetized by a trade sale of the firm 
to a pharmaceutical partner or an IPO16, either of which 
provides a potentially valuable investor exit.

On the other hand, Porter’s FFM is deeply rooted 
in traditional, highly-competitive markets and not the 
world of the R&D intermediary. Porter’s FFM is also 
inescapably tied to profit maximization as its measure of 
strategic success. As a result, FFM does not have utility 
as a strategy framing or forming tool for individual bio-
technology firms.
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However, given the high praise accorded FFM as a 
theoretical model for strategic insight and strategy for-
mation, the opportunity may exist to borrow the concept 
of ‘forces that drive strategy’ while substituting those 
forces relevant to the business and goals of biotechnology 
firms. Such a transformation would also require substi-
tuting the primary measure of success, from profitability 
to value creation. This would then provide a model that 
retains a core idea of FFM, which is that success, however 
defined, is derived from the interplay of forces and that 
by consideration of this interplay, strategic alternatives 
may appear and strategy formation can take place.

In the case of biotechnology firms as defined in this 
study, success is the maximization of value creation over 
time. Value is created by moving candidate drugs along the 
development pathway15,17 and amplified by value-affirm-
ing licensing deals with a pharmaceutical partner.16,17

As to the applicable forces that affect a firm’s abil-
ity to create value, some are identified or implied by this 
study. They include government regulation, patent posi-
tion and licenses, technological substitutes, location, 
availability of funding and the availability of skills to 
both maximize pipeline progression and optimize part-
nering outcomes. Further study could refine these forces 
and reveal other forces that influence value creation for 
biotechnology firms. Such a model would also need to 
consider the interplay of these forces as well. For exam-
ple, location of the firm could affect its access to funding, 
its available pool of people and skills, and its competitive 
position in attracting pharmaceutical partners.

Such a model also needs to consider those uncon-
trollable forces that are external to the firm’s strategic 
decision-making environment, such as: economic fluc-
tuations that can affect funding availability and overall 
sentiment towards biotechnology firms; government 
regulation that could impact patent strategy and pipeline 
decisions; and demographic and social evolutions, such 
as an aging population, which may affect the attractive-
ness of the medical needs pursued by the firm’s pipeline.

Finally, any effective model needs to be able to con-
ceptualize and measure what constitutes ‘value creation’ 
for biotechnology firms. Without an unambiguous and 
effective measurement of this success goal, the core of the 
model will be hollow and biotechnology firms will risk 
remaining strategic planning orphans.
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