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The biopharmaceutical industry is characterized by intense competition, high uncertainty, and strong

dependence on scientific knowledge. We show that in order to succeed in this industry, firms need to be

positioned along three strategic dimensions: the level of inter-firm R&D partnering, the level of

diversification, and the size of the firm. Prior research has revealed that a firm’s membership in so-called

‘strategic groups’ impacts strongly on its performance. This study analyzes strategic groups in the

biopharmaceutical industry along the strategic dimensions listed. The performance of the groups differs

significantly. The best performing groups are the ones that consist of large firms with a high level of in-

house diversification across therapeutic areas and the medium-sized firms that pursue partnership with

other companies.
Introduction

A firm’s long-term survival in an industry

depends on its current and future revenue-

generating potential and cash flow. A firmneeds

to ensure that it has a strong position in the

market so as to guarantee a stream of funding

for research and development (R&D) invest-

ments. Managers, therefore, need to make

strategic choices that positively affect firm

performance. Such choices are made along

‘strategic dimensions’ that reflect the extent to

which resources and effort are allocated to

various activities and areas. Past research on

biotechnology firms have identified three stra-

tegic dimensions that impact on firm perfor-

mance: the level of diversification, the level of

inter-firm R&D partnering, and the size of the

firm [1,2]. In this paper, we investigate these
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strategic dimensions for firms in the R&D-

focused biopharmaceutical industry and iden-

tify strategic groups. The biopharmaceutical

industry consists of firms whose business is

human diagnostics and prophylactics or human

therapeutics, and whose products and/or core

technologies are based on biotechnology [3].

Strategic groups are naturally occurring subsets

of firms within an industry that follow similar

strategic choices [4]. Membership in a strategic

group typically impacts on the firm’s long-term

performance. Overall, group members are set

apart from other firms in the industry by per-

formance [5] and it is often costly for non-

member firms to move into the group owing to

various barriers, such as access to research

expertise, linkages to universities, economies

of scope in R&D or economies of scale in
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production. This phenomenon is often referred

to as ‘mobility barriers’ [6].

In this paper, we aim to help professionals and

researchers in drug discovery understand stra-

tegic choices in the biopharmaceutical industry

by identifying strategic groups and their per-

formance implications. In the following section,

we briefly discuss strategic dimensions. Next, we

describe our research design, proceed to present

the results of the work, and finally, discuss the

implications of the study.

Strategic dimensions

Strategic groups are defined on the basis of

dimensions that best capture strategic choices in

an industry. Following a set of discussions with

industry experts and analysis of the literature

on strategic groups [4–7], we identified three
er Ltd. All rights reserved. doi:10.1016/j.drudis.2009.04.004
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FIGURE 1

Three strategic dimensions identify the different strategic groups in the biopharmaceutical industry.‘
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strategic dimensions in the biopharmaceutical

industry: the level of partnering, the level of

therapeutic diversification and firm size. A firm’s

position along these dimensions determines its

strategic group membership. Figure 1 depicts

this logic.

Partnering level

In the biopharmaceutical industry, firms com-

pete on the basis of access to unique and

valuable research-based knowledge. Product

development is costly and risky and time-to-

market for a new product is crucial for the firms

to appropriate sufficient returns from R&D-

related investments. On the one hand, under

such conditions, firms might lack the necessary

funding or knowledge to be able successfully to

develop products that reach the market in a

timely fashion [8]. Partnering with other bio-

pharmaceutical or established pharmaceutical

firms may allow for division of labor and mitigate

development costs and risks. On the other hand,

the two partner firms’ lack of overlap in expertise
and/or willingness to share knowledge could be

obstacles to effective knowledge exploitation in
product development and commercialization

[9]. Thus, there are conflicting findings regarding

the impact of partnering on firm performance

[3,10]. Moreover, partnering in product devel-

opment entails a tradeoff between sharing

potential future revenues and risks. Conse-

quently, choosing to partner represents a stra-

tegic choice with implications for firm

performance.

Therapeutic diversification

In the biopharmaceutical industry, diversifica-

tion corresponds to the ‘breadth of the knowl-

edge base’ that, in turn, corresponds to the

range of expertise in different therapeutic areas

available in the firm [11]. On the one hand, by

diversifying into different therapeutic areas a

firm may increase innovation by combining

knowledge from these areas [12]. On the other

hand, diversification represents a tradeoff

between deepening knowledge in current

therapeutic areas versus gaining new knowl-

edge in others [13]. Moreover, diversification

increases the cost of coordinating and inte-

grating the work of scientists, engineers, and
other staff. Thus, therapeutic diversification is an

important strategic choice in the biopharma-

ceutical industry.

Size
According to organizational structure literature

and the theory of inertia, the size of a firm

impacts its performance [14,15,26,30]. In high-

technology fields, small firms have often been

characterized as more innovative compared to

larger firms. An explanation offered is that

informal communication between engineers

and scientists enables more effective knowledge

sharing [16]. Although a large firm may exploit

abundant technical resources and diverse

expertise in product development, bureaucracy

and hierarchical structures may cause more

costly communication. On the contrary, some

studies have shown that small firms are less

efficient in research and development because

they incur higher preclinical costs [17]. Thus, a

strategic choice in the biopharmaceutical

industry is between remaining a small firm,

protecting a ‘non-bureaucratic’ structure (e.g.

Ligand) or striving to grow the organization (e.g.
Firm performance

Often, traditional financial performance mea-

sures, such as earnings before interest and taxes

(EBIT), do not reflect the performance of firms in

the biopharmaceutical industry because, at this

stage, many firms have neither launched pro-

ducts nor do they show a profit. Therefore, we

chose two alternative measures of performance

that better fit the industry’s stage of maturity:

total shareholder return (TSR) and pipeline

strength. First, TSR has frequently been used in

prior research [18,19] and measures the per-

formance from an investor’s perspective. TSR is

the sum of dividends and stock price appre-

ciation (depreciation) as a proportion of the

stock price at the beginning of the period.

According to many authors [20], in the long run,

competitive firms are among the top TSR per-

formers. Yet, it is difficult for a firm to reach a

high TSR over an extended period. Examining

TSR for only one period might be risky, since

firms with low TSR in that period could still

perform well in the long run. Therefore, we

chose to analyze average TSR (ATSR) for two

years (2006–2008).

Second, a firm’s product pipeline measures its

long-term competitiveness by pointing to a

potential for future cash flows [21]. The product

pipeline also indicates technological compe-

tence and expertise [22]. Following past research

that identified a positive relationship between
www.drugdiscoverytoday.com 727
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FIGURE 2

There are three strategic groups.
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the product pipeline and firm performance

[22,23], this study examined ‘pipeline strength’

(the sum of the number of products in the

pipeline weighted by the market entrance

probability of its development stage) as an

indicator of future potential performance.

Research design

By searching on the Biotech Gate Company

database1, 256 firms were found that matched

the search criteria below:
� Sector: biotechnology/therapeutics
� Business model: outlicensing R&D
� Customers: big pharmaceutical and biotech-

nology firms

In order to create a sample of comparable

firms, we included firms focusing on the earlier

stages of the value chain (i.e. development and

preclinical phases) and on outlicensing their

products or technologies. Therefore, we inves-

tigated the 256 firms in detail and eliminated

those that are involved in commercialization and

marketing. In addition, we filtered out the firms

whose Initial Public Offering (IPO) was later than

01.01.2005 in order to be able to calculate

average TSR for two years. The application of

these criteria produced a sample of 60 firms.
1 http://www.biotechgate.com.
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There was no strong correlation between any

of the strategic dimensions (r <0.4). Strategic

groups were identified using a hierarchical

clustering algorithm (Ward’s method with

squared Euclidean distance measure). We con-

ducted the analysis of covariance (ANCOVA) to

see if the ‘group membership’ predicts the firm’s

performance. As a last step, we conducted the

contrast analysis to compare the groups and to

see which groups significantly differ from each

according to their performance.

As a proxy for ‘partnering level,’ we used the

ratio of partnered products to the total amount

of products in the pipeline. Since the sample

included firms focusing on the earlier stages of

the value chain, most of the partnerships were

early development partnerships, such as joint

development agreements. As a proxy for ‘size,’

we used the number of employees and for

‘therapeutic diversification level,’ we used the

number of therapeutic areas in which a firm is

pursuing drug development. The data on the

number of therapeutic areas were gathered

primarily from each firm’s annual reports by

classifying the drugs in the pipeline and on the

market into different therapeutic areas. Inter-

national Statistical Classification of Diseases and

Related Health Problems was taken as a refer-

ence while defining the scope of the therapeutic

areas. Financial data were collected from the

2007 annual report of each firm, and the share
prices and dividends were collected from the

Bloomberg database. Data on the pipeline and

partnership were collected exclusively from each

firm’s official website and/or annual report.

Pipeline strength was calculated by adding up

the number of products in the pipeline,

weighted by the market entrance probability of

its development stage. The estimates for market

entrance probabilities were taken from a prior

study [24]. Logarithmic transformation of the

skewed data was carried out to ensure a normal

distribution.

Control variables (covariates)
In knowledge-intensive industries, R&D expen-

diture is crucial for innovativeness and the

market value of firms [22,25]. Previous research

found a correlation between the size of the firms

in the pharmaceutical industry and R&D

expenditure [26]. In order to control for the

separate effect of R&D intensity we included R&D

expenditure per employee in the model. More-

over, research has highlighted the benefits of

performing in-house scientific research [27] and

some studies have shown a positive effect on the

innovative performance of pharmaceutical firms

[28,29]. Therefore, we also controlled for the

intensity of in-house basic research that was

operationalized with the total number of

scientific articles published by the firm until

2008. Last, we controlled for the age of the firm.

Data analysis and results

The clustering algorithm results show three

strategic groups in the sample of biopharma-

ceutical firms. Figure 2 shows the strategic

groups and Table 1 provides descriptive statistics

for the groups. In the following section, we

discuss each group in turn.

Strategic group 1: non-partnered small

biopharma (G1)

Firms in this group (e.g. Alizyme, Bionovo) have

relatively low levels of partnering in product

development. The group is the smallest, con-

sisting of 13 firms only, and these are among the

smallest in the sample. On average, the firms

have low therapeutic diversification.

Strategic group 2: diversified big

biopharma (G2)

The firms in this group are quite large (e.g.

Nicox, Arena, and Xoma) compared to the

sample with an average of 189 employees. The

firms are highly diversified, with an average of

approximately seven therapeutic areas, and

have a high focus on partnering in product

development.

http://www.biotechgate.com/
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TABLE 1

Descriptive statistics for the strategic groups

Group number Number of firms Firm size Therapeutic diversification Partnering level

Mean Std. deviation Mean Std. deviation Mean Std. deviation

1 13 37.54 26.24 2.92 1.26 0.06 0.15

2 21 189.48 163.77 7.10 2.79 0.49 0.28

3 26 73.69 46.91 1.81 0.80 0.45 0.27

Combined 60 106.38 118.90 3.90 3.00 0.38 0.30
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Strategic group 3: medium-sized

partnered biopharma (G3)

This group consists of medium-sized firms with

73 employees on average (e.g. BioMS Corp. and

Arkule). Firms in this group have, on average, a

low level of diversification compared to the other

groups and about 45% of the products under

development are partnered.

The descriptive statistics of the performance

and control variables are shown in Table 2.

The ANCOVA results show that group mem-

bership has a significant effect on both pipeline

strength (p = 0.003) and ATSR (p = 0.025).

According to the results, R&D expenditure per

employee and the number of articles published

are not significant for either performance mea-

sure. Whereas age has no significant impact on

pipeline strength (p = 0.48), it has a significant

effect on ATSR (p = 0.011). Contrast results show

that membership in each group differs signifi-

cantly from the others with respect to pipeline

strength, whereas only membership in G2 differs

significantly from theother groupswith respect to

ATSR. Firms in G2 have the strongest pipeline and

firms inG1have theweakest pipeline. On average,

firms in G2 also create the highest value for their

shareholders. R&D expenditure and firm size are

significantly correlated (r = 0.88). The outper-

forming firms in G2 also show greater commit-

ment to R&D. However, the groups show the

opposite trend in ‘R&D expenditure per

employee’: G1 has the highest and G2 has the

lowest R&D expenditure per employee. On aver-
TABLE 2

Performance and control variables

Group

number

Pipeline strength Average TSR

(ATSR)

Mean Std.

deviation

Mean Std.

devia

1 2.83 1.65 0.05 0.78

2 6.87 5.03 0.21 0.56

3 4.22 2.22 0.085 0.37

Total 4.86 3.71 0.05 0.56
age, firms in G2 are the largest and they publish

the most articles.

Discussion

In this paper, we identified strategic dimensions,

analyzed strategic groups in the biopharma-

ceutical industry, and showed implications for

performance. Differences in performance can be

attributed to mobility barriers, such as diverse

expertise in R&D or partnering with other firms,

that protect group benefits from potential

entrants. In order to diversify into multiple

therapeutic areas or to grow the organization, a

firm needs capital. Yet, small firms with low

therapeutic diversification and exposed to high

risk may find capital a very scarce resource that

prevents them from moving into a better per-

forming group with higher diversification.

With limited revenue streams and product

development that spans several years, the bio-

pharmaceutical firms we investigated clearly

need continuous access to fresh capital and

investors willing to provide it. In order to attract

investors, the firms need to employ strategies

focused on risk mitigation. Large firms (e.g.

Arena) may diversify risk inherent in developing

new compounds across multiple projects and

therapeutic areas, while retaining the value of

these investments for themselves and their

investors. An alternative strategy for small to

medium-sized firms may be to partner in pro-

duct development with a pharmaceutical com-

pany with clinical resources and commercial
R&D

expenditures

(SMM)

R&D expenditures

per employee

(SMM)

tion

Mean Std.

deviation

Mean Std.

deviation

19.70 19.43 0.709 0.824

73.70 64.66 0.403 0.187

28.53 20.02 0.430 0.342

42.43 47.40 0.481 0.463
competences. This may reduce the firm’s risk

exposure in product development and enable a

positive cash flow faster than if the firm pursued

product development in isolation.

Partnering in product development may

positively impact on the pipeline performance of

small to medium-sized firms, as seen in G3.

However, partneringmay not create excess value

for their shareholders. Too much partnering in

product development implies that a substantial

share of the potential future value will be

transferred to the partnering organization. There

may be alternative approaches to mitigate risks

and increase shareholder value that is illustrated

by the group of diversified firms in the sample

(G2). These firms employ a two-pronged strat-

egy: on average, they partner a little less than

half of their product development pipeline,

while diversifying their projects over several

therapeutic areas. By diversifying into several

therapeutic areas, they mitigate the risk involved

in developing new therapies. They partner in

some projects that generate steady revenue

streams, while keeping some projects under

their own development.

Diversifying into new therapeutic areas is

difficult and costly. Even though the technology

and promising compounds may be available, the

firm may simply lack clinical experience in

relevant disease areas. In effect, there are

potentially high mobility barriers surrounding

and protecting G2. One option for firms in the

non-partnered group (G1) to overcome these
Age Published

articles

Mean Std.

deviation

Mean Std.

deviation

11.25 5.15 21.77 28.64

15.48 5.81 126.76 191.63

12.63 4.98 33.50 48.40

13.37 5.49 63.60 125.75
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barriers may be to partner with a pharmaceutical

company that has first-hand clinical experience

in relevant disease areas. This may put the firms

in a position where they can ‘learn’ from their

partners about late stage development and new

therapeutic areas.

Our findings suggest two strategies for man-

agers to contemplate in the biopharmaceutical

industry. First, if firms are large to medium-sized

and possess many experts, researchers, and

scientists, they may benefit from diversifying

their knowledge base into different therapeutic

areas andmitigating the risk of failure. A strategy

that incorporates both partnering and thera-

peutic diversification may create an even

stronger pipeline and increase shareholder

value. Through partnering, the firm may access

the complementary knowledge of its partners

and might increase their performance in inno-

vation. Second, if managers want their firms to

stay small, theymay pursue a partnering strategy

in order to cope with high mobility barriers (e.g.

the need for capital and knowledge) and, in the

process, diversify into new therapeutic areas.

To our knowledge, this is the first study of

strategic groups in the biopharmaceutical

industry. Future research needs to monitor the

development of the firms’ performance and

group membership. Future research should also

enlarge the sample of firms, test the proposed

strategic dimensions, and cover new dimen-

sions. Such work helps researchers and man-

agers in drug development to obtain a better

understanding of the competitive dynamics of

this exciting and emerging industry.

Appendix A. Supplementary data

Supplementary data associated with this article

can be found, in the online version, at

doi:10.1016/j.drudis.2009.04.004.
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