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Abstract: Given high business risks and interdependency with various organizations in
biopharmaceutical industry, business model has become a key element for firms that aim to be more
sustainable and profitable. Despite its growing importance, research on the business model design in
biopharmaceutical industry is limited. In particular, there is a lack of research dealing with business
models or strategies for latecomers. In the face of drastic changes such as market expansion and patent
expiration, there has been growing interest in latecomer’s business model in the biopharmaceutical
industry. This study identifies different types of business model designs using hierarchical clustering.
Based on an empirical study of 313 biopharmaceutical firms in Korea, we find three types of business
models: business diversified research firm, non-diversified research firm, and mature firm. We then
compare the general characteristics and performances of each cluster. The findings indicate that
business diversification of biopharmaceutical firms is beneficial in terms of profit. This implies that
the biopharmaceutical firms in latecomer countries such as Korea are recommended to consider
business diversification for sustainable management.

Keywords: business model; biopharmaceutical industry; latecomers; business sustainability;
hierarchical clustering

1. Introduction

In a rapidly changing business environment, firms’ competitive focus has shifted from competition
of product or technology to that of overall business model. This shift suggests that the business model
is becoming more critical to creating competitive advantages and identifying business opportunities [1].
In some industries where competition has lasted for long period, there is a tendency to sustain through
the differentiation of the business model. This is also the case for the biopharmaceutical industry which
faces several barriers including technological (patent expiration and constant technological advances),
market (pricing), and governmental (reimbursement) challenges [2,3]. Given high business risks and
interdependency with various organizations with complementary assets, the importance of business
model in biopharmaceutical industry has been emphasized [4,5]. It is also revealed that business model
innovation in this industry provoke subsequent innovations [6]. Therefore, the discussion of business
models in biopharmaceutical industry is of considerable importance.

However, the strategy for latecomers have not been extensively studied in existing business model
literature. Especially in science-intensive industries such as biopharmaceutical industry, it is not easy
for latecomers to sustain a business because they lack technological capabilities, organizational learning
as well as responding to regulatory inquiries [7]. For this reason, the hegemony of leading companies

Sustainability 2019, 11, 4881; doi:10.3390/su11184881 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0001-7452-1421
http://www.mdpi.com/2071-1050/11/18/4881?type=check_update&version=1
http://dx.doi.org/10.3390/su11184881
http://www.mdpi.com/journal/sustainability


Sustainability 2019, 11, 4881 2 of 15

in the biopharmaceutical industry has hardly changed compared to other industries. In recent years,
however, the patents of major blockbuster products have expired, resulting in opening the window of
opportunity for latecomers. New countries such as India, Brazil, and Thailand entered the market
in a stream which caused upheavals in the industry [8]. In order for them to sustain their business
and eventually grow, they should choose the right strategy as a latecomer. Therefore, the sustainable
business model for latecomers needs to be discussed further in an era of global competition. Though
research on business model innovation for sustainability has begun to be developed [9–11], the studies
that focused on the latecomer’s point of view are still rare.

To propose a business model for latecomers in biopharmaceutical industry, two issues below
should be considered. First, the design of business model should evolve dynamically in accordance
with a changing business environment [12,13]. In addition, technological advances and business models
co-evolve to generate value [14]. Although previous studies tried to evince diverse definition and
component at a rudimentary level, the concept of business model still remain ambiguous. According to
the existing discussions, the business model can be defined as a methodological concept of how firms
can generate and deliver values [12]. It is also a strategic plan, with choices and devices for generating
technological innovation and financial performance such as patent, revenue, or profit [1,15–19]. Because
of the ambiguity of the concept, there is no clear set of criteria for classifying the business model.
Previous studies on business models in the biopharmaceutical industry showed that the vertical
integration in value chain and business diversification were traditionally important components for
business model portfolio [20–22]. However, because of rapidly increasing R&D costs and declining
productivity and profitability as well as firm’s strategic plan for sustainable growth, strategic alliance
has been emphasized recently. This means that there is an increasing need for a business model
that forms a network with various organizations through strategic alliances within the value chain.
Nonetheless, there are few studies on business model of biopharmaceutical industry in integrated view
including vertical integration in industrial value chain, business diversification, and strategic alliance.

Second, the quantitative approach for the classification of business model in biopharmaceutical
industry is required. Although many discussions on the concept of business model have been
made, there are still few studies that attempted empirical classification [23]. The same goes for the
biopharmaceutical industry. Most previous studies on business model in biotechnology industry
analyzed exemplary cases of certain firms and conceptualized these to propose the novel types of
business model. Although those studies provided a little evidence regarding business model of
biotechnology industry through qualitative analysis, there is a limitation to represent the features of the
whole industry. Therefore, identifying business models through quantitative methods and comparing
the performance of each will help to identify the overall trend.

This study aims to quantitatively identify various patterns of business model design in
biopharmaceutical industry and compares the performance of those models to suggest appropriate
strategies for latecomers catching up the industry leader. Korea is considered as a latecomer in the
biopharmaceutical industry compared to the US, Japan, and several European countries such as
Germany and UK. Recently, some companies such as Hanmi or Celltrion have made considerable
progress, but the industry as a whole is still lagging behind. Therefore, it is expected to provide
implications for latecomers by analyzing the Korean case.

This study is structured as follows. Section 2 introduces the concept of strategy and business
model and link it to the discussion of industry latecomer. Then the types of business model in
biopharmaceutical industry is summarized. Section 3 deals with the data and analytical method.
Section 4 as result section, identifies patterns of business model of Korean biopharmaceutical firms
and defines their business models. Further discusses the characteristics and performances of them.
Section 5 provides implications and limitations of this study.
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2. Business Model and Biopharmaceutical Industry

2.1. Strategy and Business Model for Latecomers

Business models, especially the design and innovation of them, are emerging trends in academia
and practice [24]. Although there is no complete agreement on the concept of business model, it is
generally considered as a plan, tool or device for exploiting the economic value [1,5,18]. The concept of
business model and firm’s strategy are often used interchangeably. The former, however, is rather
an abstract and comprehensive framework for realizing the latter. Depending on the combination of
business models, multiple strategies are no longer a matter of choice. Strategies can be derived from
dual business models resulted from similarities and conflicts between the established and innovative
industry [25]. Even paradoxical strategies are pursued simultaneously by complex business model
portfolios [26]. In other words, the business model is the plan to adopt various strategies and it makes
competitive choices possible [1]. In addition, business models should embrace the revenue-generating
strategies for the business sustainability. Therefore, the business model is considered to be an innovation
device that is close to market compared to a general strategy [27,28].

This distinction is important in the discussions on the latecomers. Although there are many studies
on the catch-up strategies for latecomer firms [29–31], those on the business model are rare. In particular,
catch-up by latecomers is known to be more difficult in biopharmaceutical industry compared to
other high-tech industries such as information and communication technology industry [31]. Korean
biopharmaceutical firms are sandwiched between innovative firms in major advanced countries and
latecomers in large emerging countries such as China and India [32]. The mid-sized latecomer countries
are hard to have comprehensive biopharmaceutical innovation system. Moreover, the latecomers in this
country do not have a large domestic market and cheap labor as well as overwhelming technological
capabilities. They need a proper business model for sustainable growth.

On the one hand, the profitability is crucial to the sustainability of biopharmaceutical industry.
Even in the US, where the industry is at the forefront, the lack of profitability was a potential concern that
could impede the growth of industry [4]. Lazonick and Tulum [33] argued that US biopharmaceutical
industry was able to attract sufficient investment despite the difficulties in realizing profits due to
the sound capital markets and government-led research outcomes. Latecomer countries, however,
generally have less developed capital markets, so the exit strategies of venture capitals through initial
public offerings (IPOs) or merger and acquisitions (M&A) are hard to achieve. There is a tendency for
government support to public R&D is small in latecomer countries. Hence, profit model based on the
earnings and costs should be considered in the business model literature [34].

In order to suggest the appropriate design for latecomers, it is necessary to organize the discussions
on the business model in biopharmaceutical industry. Various business models unique to the
biopharmaceutical industry are presented [5].

2.2. Business Models of Biopharmaceutical Industry

Previously discussed studies on business model in (bio)pharmaceutical industry is mainly based
on a firm’s operational role in value chain and the level of business diversification. In a combined
perspective of both operational role in value chain and business diversification, many scholars tried to
classify the business models in biotechnology firms [20,21,35–37].

First, there are the following classifications according to their positions in the value chain.
The business models in the biopharmaceutical industry traditionally have been divided into two
models: (1) a model in which a small firm transfers technology to large pharmaceutical firms, and
(2) another model of large pharmaceutical firms based on the vertical integration of R&D, clinical
tests, approval, product manufacturing and marketing [38]. Burns [39] also segmented business
models in the biotechnology industry according to operational role in value chain, including RIBCO
(research intensive bio-pharmaceutical company), the technology platform model, NRDO (no research,
development only) and FIBCO (fully integrated bio-pharmaceutical company). The RIBCO model
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refers to a type of firm specializing in R&D and generating profits through technological performance
in a basic R&D or product development processes. In such a business model, a firm conducts clinical
tests on new drug candidate substance and licenses to pharmaceutical companies, then reinvests the
royalty profits generated from this into R&D. Second, the technology platform model refers to a type
of firms that increases product efficacy in the R&D stage of biotechnology products and adds value in
technology by providing platform technologies to ultimately generate profit. There have been steady
efforts to standardize a series of processes related to culture, refinement and analysis, and because
of such efforts, platform technologies have been developed in the biotechnology industry. Third,
the NRDO model refers to a type of firm developed solely through licensing, with its entire product
pipeline being from the outside (other biotechnology firms and pharmaceutical firms). Because of
R&D risk reduction, sales and profit increases are critical for these biotechnology firms, this type of
firm concentrates on the development related to profit materialization areas instead of on initial R&D.
Last, the FIBCO model is a type of firms that are traditional pharmaceutical firms conducting business
activities encompassing R&D, manufacturing and marketing.

Second, the business model in biopharmaceutical industry has also been classified regarding the
level of business diversification. Casper [40] classified the biotechnology industry into a therapeutic
product segment and a platform and service segment. The platform and service segment plays a
role not only in the value chain independently but also in different business segments. With the
platform and service sector, the business model portfolio of the biopharmaceutical industry has further
expanded [22,41]. There are many examples of business diversification in the biopharmaceutical
industry. Firms founded since the early 1980s in Europe are biotechnology firms concentrating on
developing therapeutic products. However, they started to enter the platform and service area in the
late 1980s, and the hybrid business model encompassing both therapeutic product and platform and
service area appeared in the early 1990s [42]. Firms with hybrid business models are reported to attract
more investment than those with a single business sector because of their reduced risks and increased
expected return on investment. Some scholars argued that biotechnology firms should secure revenue
streams through related business diversification because they have high interdependencies within the
same industry and R&D process of biomedicine and diagnostic kits and reagents are risky [4,5,36].

Meanwhile, in accordance with the worsening productivity and profitability of biotechnology
firms as well as rising demand for strengthening core competitiveness, the other types of business
model have been requested [43]. In particular, a fully integrated model which is typical in large
pharmaceutical firms is considered to be no longer a sustainable one [44]. Therefore, a cooperative
business model where various functional organizations in value chain collaborate with one another
through strategic alliances has been emphasized [36,45]. In this model, a large portion of corporate
activities is outsourced. Downs and Velamuri [46] identified areas of opportunity through extensive
reviews of the business model literature in the biopharmaceutical industry, one of which is external
orientation. For example, the main business area of CRO (contract research organization), CMO
(contract manufacturing organization) and CSO (contract sales organization) which are subset of
FIBCO business model is the collaboration with other firms [47]. They can acquire complementary
assets through strategical alliances and it helps to reduce business risks and strengthen the core
competitiveness. This is also linked to the discussion of open innovation in the biopharmaceutical
industry [48]. In this industry, open innovation spans a wide range of activities from drug discovery
through data sharing to product development and clinical test platforms [49]. Mazzola et al. [50]
empirically tested that open innovation is actually beneficial to firms’ performance in biopharmaceutical
industry. Moreover, open innovation strategies are indispensable for latecomers in this industry [51].

Combining above discussions, business models discussed in the biopharmaceutical industry are
shown in Figure 1.

In sum, these features including the operational role in value chain, the level of business
diversification and the level of strategic alliance should be important criteria for classifying business
model. However, previous studies failed to comprehensively consider these three aspects. Therefore,
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our study considers them as grouping variables that are critical criteria for classifying business model
in biopharmaceutical industry. Although there are various types of strategic alliances, we only consider
the two types of them, R&D (research and development) and M&M (manufacturing and marketing)
alliances. Even though there may exist more criteria for classifying business models, these three
categories are considered the most significant especially in the biopharmaceutical industry.Sustainability 2019, 11, x FOR PEER REVIEW 5 of 15 
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3. Data and Methods

3.1. Data

This study used the bio venture database of the Science and Technology Policy Institute (STEPI)
of the Republic of Korea [52]. The database confirmed that 2441 bio ventures existed in Korea from
1992 to 2012, referring to firms introduced in the “Guide to Biotechnology Companies in Korea” issued
by the Korea Biotechnology Industry Organization in 2012, conducted in the National Science and
Technology Information Service DB. Among them, 1504 bio ventures were finally confirmed, excluding
foreign firms and firms specialized in importing and sales without technological innovation activities.
The bio ventures span a wide range of area including food, chemistry and energy etc. In this study, only
companies in the pharmaceutical as well as platform and services sectors were selected to represent
the biopharmaceutical industry. As a result, 313 bio venture firms were selected for analysis.

The size, age, and core business area of the target firms for analysis are shown in Table 1. There
were 270 companies (87.6%) categorized as small because they employed fewer than 50 people. The
number of firms under 10 years old was 162 (51.8%). Among the total number of firms, 211 (67.4%)
were considered therapeutic product-oriented firms and were made up of 169 bio-medicine and
42 diagnostic kits and reagents manufacturing firms. There were 102 infrastructure firms (32.6%); 83 of
them featured supporting services, and 19 offered measurement and analysis equipment.

Table 1. General features of Korean biopharmaceutical firms in 2011.

Characteristics Number of Firms Percentage

Firm size (number of employees)
Small (<50) 270 86.3
Medium (51–100) 43 13.7
Large (>100) 0 0

Firm age (years since foundation)
Young (<10) 162 51.8
Established (>10) 151 48.2
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Table 1. Cont.

Characteristics Number of Firms Percentage

Type of main product and service
Bio-medicine 169 54.0
Diagnostics kit and Reagent 42 13.4
Supporting services 83 26.5
Measurement and Analysis equipment 19 6.1

Total 313 100.0

3.2. Analytical Method

This study adopted the hierarchical clustering method to find clusters in biopharmaceutical
industry in Korea using the level of vertical integration, business diversification, and strategic alliance
as the criteria. Hierarchical clustering is a methodology for identifying clusters based on the similarities
between observed values. The hierarchy is determined sequentially according to the level of similarity.
These process can be visualized in the form of tree branch.

Hierarchical cluster analysis is categorized as follows according to the way of measuring the
distance between clusters: single linkage method, complete linkage method, centroid linkage method,
average linkage method, median linkage method and Ward’s method. This study used Ward’s
method which integrates clusters by minimizing the square error of Euclidean distance between objects
comprising a cluster [53]. This method is known to classify clusters smaller and more even than other
clustering methods [54].

Most biopharmaceutical firms are small. Hence, there is great concern for data bias regarding
clustering features. In such cases, other clustering methods tend to divide into two clusters, one with
outstanding performance and the other without. To avoid this problem, the Ward’s method was used
in this study [54].

To determine the business model types for biopharmaceutical firms in Korea, this study conducted
cluster analysis based on the following grouping variables which was presented in Table 2: (1) basic
science, (2) product development, (3) manufacturing and marketing, (4) level of diversification, (5) level
of R&D alliance, (6) level of M&M alliance.

Table 2. Grouping variables and operational definition.

Grouping Variables Operational Definition

Basic science 1 if firm has basic research function, 0 otherwise

Product development 1 if firm has product development function, 0 otherwise

Manufacturing and marketing 1 if firm has manufacturing and marketing function, 0 otherwise

Level of business diversification The number of business area

Level of R&D alliances The number of R&D alliances from 2005 to 2011

Level of M&M 1 alliances The number of M&M alliances from 2005 to 2011
1 M&M (manufacturing and marketing).

First, this study examined the distribution of each firm’s business functions in a value chain.
The value chain in the biopharmaceutical industry can be divided into four broad stages: (1) basic
science, (2) product development, (3) manufacturing, and (4) marketing [22]. However, firms only
specialized in importing and sales without technological innovation activities in sample for this study
was excluded. Then, this study only defined three business functions in value chain: (1) basic science,
(2) product development, (3) manufacturing and marketing. Therefore, this study includes three
grouping variables, depending on operational role in value chain.

Second, this study investigated firms’ business diversification. For the biotechnology industry,
business areas can be divided into four types: (1) red-bio related to pharmaceutical, (2) green-bio
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related to food, (3) white-bio associated with the cosmetic, functional material or energy industry,
and (4) platform and service related to specialized platform technology or services such as cell
culture, refinement and analysis [52,55]. Therefore, this study used the number of business areas
that biopharmaceutical firm engaged in the four biotechnology sectors as proxy of the level of
business diversification.

Third, this study examined R&D and M&M alliances. R&D alliances included R&D collaborations,
technology transfers, and commissioned R&D; in addition, M&M alliances included commissioned
manufacturing alliances and marketing alliances. However, strategic alliances in the Korean
biopharmaceutical industry are not as active as in developed countries as yet. Because of such
data features, in the analysis based solely on 2011 data, strategic alliance characteristics are highly
likely to be omitted. Thus, this study determines the level of R&D and M&M alliance based on the
number of strategic alliances from 2005, when data research was started, to 2011.

However, having different absolute value ranges, these variables should normalize. If these
variables are used in clustering analysis without normalizing, the variable with the larger range
influences more important role of classifying the objects. Therefore, this study used z-score
transformation for normalizing criteria variables, which measures how far the object is from the
average value using the unit of standard deviation.

After clustering analysis, this study confirms equality in variables among clusters, and contrast
them between paired clusters. For these, this study uses Kruskal–Wallis equality test and Mann-Whitney
test as its ad-hoc test, because the variables in this study did not follow the normal distribution. First,
Kruskal–Wallis equality test is non-parametric method for comparing equalities among groups. The
Kruskal–Wallis test is a multiple-sample generalization of the two sample Mann–Whitney rank sum
test [56,57].

4. Results and Discussions

4.1. The Groups of Korean Biopharmaceutical Firms

Figure 2 describes a dendrogram, which is a tree diagram for arrangement of clusters produced
by hierarchical clustering. The horizontal axis in the dendrogram indicates groups while vertical axis
represents dissimilarity between clusters. As shown in Figure 2, biopharmaceutical firms in Korea can
be classified into multiple numbers of clusters through statistical analysis. There is no definitive answer
regarding the optimal number of clusters because hierarchical clustering analysis is an exploratory
approach [20,58].
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Since there are six grouping variables, 64 different business model combinations are theoretically
possible. In practice, however, fewer combinations are feasible because each grouping variable is not
independently applied and the number of samples is not much enough. In this study, we focus on
identifying clusters with the most significant differences based on three categories mentioned above:
positions in the value chain, business diversification, strategic alliances.

Figure 3 describe decision tree for classifying clusters. It represents that cluster 1 gradually decided
by non-product development function, more business diversification level, less R&D alliance level, basic
science function, and cluster 2 by the non-product development function, less business diversification
level, less M&M alliance level, less R&D alliance level. However, cluster 3 was decided by various
combinations. First, biopharmaceutical firm with product development function classified to cluster 3.
Second, though they don’t have product development function, they included in cluster 3 with high
business diversification and R&D alliance level. Third, though they do not have product development
functions and high R&D alliance level, they included in cluster 3 with high business diversification
and non-basic research function such as product development, manufacturing and marketing. Fourth,
though they don’t have product development function and high business diversification, they included
in cluster 3 with high M&M alliance level. Fifth, though they don’t have product development function
and high business diversification and M&M alliance level, they included in cluster 3 with high R&D
alliance level.
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According to the above classification, many different groups are included in cluster 3. However,
there are only few firms in each group and there is not much difference between them compared to the
differences with cluster 1 and 2. Nevertheless, it is clear that cluster 3 is a relatively heterogeneous
cluster. Table 3 describes the number of biopharmaceutical firms by cluster. Clusters 1, 2 and 3 include
68 (22%), 110 (35%) and 135 (43%) firms, respectively. Cluster 3′s size is the largest, followed by
cluster 2, then cluster 1. The descriptive statistics of grouping variables for business model design is
also as shown in Table 3. In addition, this study performed Kruskal–Wallis equality test for confirming
significant differences in grouping variables among clusters. This study represents that product
development, the level of business diversification, the level of R&D alliance are significant variables
that discriminate the characteristics of biopharmaceutical firms in Korea in Table 3 (p < 0.01, p < 0.01,
p < 0.05).
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Table 3. Descriptive statistics of grouping variables and the results of Kruskal–Wallis, Mann–Whitney test.

Criteria

Statistic Descriptive Statistics Significant Differences Mean Differences between Paired Clusters

1 (N = 68) 2 (N = 110) 3 (N = 135) Total χ2 2 vs. 1 3 vs. 1 3 vs. 2

Basic science 1.00 (0.20) 1.00 (0.00) 0.94 (0.24) 0.97 (0.16) 0.81 0.00 −0.06 ** −0.06 **
Product development 0.00 (0.00) 0.00 (0.00) 0.86 (0.55) 0.37 (0.48) 169.51 *** 0.00 0.86 *** 0.86 **
Manufacturing and Marketing 0.00 (0.00) 0.00 (0.00) 0.14 (0.35) 0.06 (0.24) 4.55 0.00 0.14 *** 0.14 ***
Level of business diversification 2.34 (0.59) 1.00 (0.00) 1.54 (1.68) 1.52 (0.72) 130.39 *** −1.34 *** −0.80 *** 0.54 ***
Level of R&D alliances 0.00 (0.00) 0.00 (0.00) 0.21 (0.52) 0.09 (0.36) 7.26 ** 0.00 0.21 *** 0.21 ***
Level of M&M alliances 0.00 (0.00) 0.00 (0.00) 0.26 (0.72) 0.11 (0.49) 4.55 0.00 0.26 *** 0.26 ***

Note: The value in parenthesis are standard deviation. *** p < 0.01, ** p < 0.05, * p < 0.1.



Sustainability 2019, 11, 4881 10 of 15

Furthermore, this study performed the Mann–Whitney test for contrasting in grouping variables
between paired clusters as post hoc analysis of Kruskal–Wallis equality test. Table 3 shows that there
are differences on criteria among each cluster. Biopharmaceutical firms of cluster 3 with product
development function are more than those of cluster 1, 2 (p < 0.01, p < 0.05). Biopharmaceutical firms
of cluster 1 on the level of business diversification are larger than those of cluster 2, 3 (p < 0.01, p < 0.01),
and those of cluster 3 are also larger than those of cluster 2 (p < 0.01). Finally, biopharmaceutical firms
of cluster 3 on the level of R&D alliance are larger than those of cluster 1, 2 (p < 0.01, p < 0.01).

In sum, clusters 1 and 2 includes only basic research firms in infant stage, but firms of cluster 1
is the higher level of business diversification than those of cluster 2. Therefore, this study named
cluster 1 “business diversified research firms”, cluster 2 “non-diversified research firms”. It means
that biopharmaceutical firms in Korea are generated from the type of dedicated firms or business
diversified firms. For example, firm H which have competitiveness in new bio-medicines such as
stroke and premature ejaculation treatment expanded its business portfolio with functional cosmetics.
Another research-oriented firm O which dedicated to bone-related new medicines also developed
functional food using ginseng. These firms primarily focus their effort on developing therapeutics but
they also pursue business diversification for profit generation and survival. In comparison with it,
biopharmaceutical firms of cluster 3 generally include functions of basic science, product development,
and some include that of manufacturing and marketing. The firms in cluster 3 are mature so they
can generate revenue by technology and product. They also ally with other organizations for R&D,
manufacturing, or marketing and strategically diversifies their business areas. Therefore, we named
cluster 3, “mature firms”.

4.2. The Characteristics and Performances of Each Cluster

The characteristics and performances of each identified clusters were compared. First, this
study considers characteristic variables as firm’s size, age, government R&D funding and R&D
intensity. The size of the firm is defined as the number of employees. The age, on the other hand,
is defined as the number of years since foundation. The government R&D funding consist of both
total government R&D fund and the total number of government R&D projects. R&D intensity was
measured by the ratio of R&D expenditure to the number of employees. Second, this study compared
the technological innovation and financial performance of each cluster. The number of patents represent
technological innovation performance [59], and revenues, operating profit, net profit are used as a
financial performance [60]. The descriptive statistics of characteristics and performance variables in
each cluster are described in Table 4.

The results of Kruskal–Wallis equality test in Table 4 show that there exist differences between at
least one pair of clusters in all variables. Furthermore, the results of Mann-Whitney test between paired
clusters in Table 4 demonstrate that there are differences among all characteristic and performance
variables. According to Table, firms in cluster 3 are larger and older than those in clusters 1 and 2
(p < 0.01, p < 0.01 each). They also performed the more number of government R&D projects than
those of cluster 2 (p < 0.01) and received more government R&D funding than firms in cluster 1 and
2 (p < 0.01, p < 0.01 each). Furthermore, they recorded higher R&D intensity than those in cluster
2 (p < 0.1), and higher technological innovation performance than those in cluster 1 and 2 (p < 0.05,
p < 0.05 each). This implies that firms in cluster 3 maintain relatively high R&D input and output
for their core technology and product. Finally, cluster 3 also showed superior financial performance.
Revenue is higher in cluster 3 than clusters 1 and 2 (p < 0.01, p < 0.01 each), while operating profit and
net profit in cluster 3 is higher than only cluster 2 (p < 0.05). There is no significant difference between
cluster 1 and cluster 3 in operating profit and net profit, in spite of significant difference in revenue.
This is partially due to the higher operating and labor costs of mature firms which are generally larger
than research-oriented firms. In any case, difference between the results of clusters 1 and 2 shows that
business diversification strategy is a critical factor to secure profit.
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Table 4. Descriptive statistics of characteristics and performance variables, and the results of Kruskal–Wallis, Mann–Whitney test.

Criteria

Statistic Descriptive Statistics Significant
Differences Mean Differences between Paired Clusters

1 (N = 68) 2 (N = 110) 3 (N = 135) Total χ2 2 vs. 1 3 vs. 1 3 vs. 2

Size 7.56 (16.66) 17.47 (17.30) 31.85 (22.49) 23.69 (20.79) 47.13 *** −0.09 *** 14.29 *** 14.38 ***
Age 9.07 (4.27) 8.33 (4.61) 12.39 (7.37) 10.24 (6.19) 35.91 *** −0.75 *** 3.32 *** 4.07 ***
Total gov R&D fund 188.60 (323.12) 120.50 (210.50) 411.01 (616.88) 260.59 (468.16) 15.60 *** −68.10 *** 222.41 *** 290.51 ***
Number of gov R&D project 0.94 (1.13) 0.67 (0.94) 1.21 (1.32) 0.96 (1.18) 9.21 *** −0.27 0.27 0.54 ***
R&D intensity 57.00 (68.69) 68.24 (97.72) 152.24 (451.20) 102.03 (306.14) 5.37 * 61.24 95.24 84.00 *
Patent 0.28 (0.79) 0.32 (0.88) 0.78 (1.76) 0.51 (1.34) 3.35 * 0.04 0.50 ** 0.46 **
Revenue 6.5 × 106 (2.2 × 107) 3.1 × 106 (6.5 × 106) 1.9 × 107 (2.7 × 107) 1.1 × 107 (2.2 × 107) 78.38 *** −3.4 × 106 1.2 × 107 *** 1.5 × 107 ***
Operating profit 2.5 × 107 (1.3 × 106) 7.4 × 104 (1.0 × 106) 1.1 × 106 (4.7 × 106) 5.6 × 105 (3.3 × 106) 20.36 *** −1.8 × 105 8.5 × 105 1.0 × 106 **
Net profit 1.9 × 105 (9.8 × 105) 5.5 × 104 (9.8 × 105) 4.5 × 105 (4.7 × 106) 2.6 × 105 (3.2 × 106) 7.95 ** −1.4 × 105 2.6 × 105 4.0 × 105 **

Note: The value in parenthesis are standard deviation. *** p < 0.01, ** p < 0.05, * p < 0.1.
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5. Conclusions

The science-based, technology-intensive characteristics and high business risk in clinical trials,
approval, manufacturing and marketing in the biopharmaceutical industry require a variety of
strategies for biopharmaceutical firms. For these reasons, the business model design of biotechnology
firms is very important for implementing competitive strategy, and should be continuously changed for
their survival. This study aimed to identify the business models of biopharmaceutical firms in Korea by
quantitatively classifying firms using a clustering analysis method and to observe their characteristics
and performance. This study found that biopharmaceutical firms in Korea could classify both infant
firms with basic research function, which also classified by business diversification level, and mature
firms. In addition, mature biopharmaceutical firms in Korea had various business models, and higher
technological innovation and financial performance with relatively larger value in the aspects of size,
age, government R&D fund, R&D intensity.

Based on these results, this study suggests three implications. First, product development function
is critical factor for biopharmaceutical firm’s survival. Most important grouping variable for classifying
Korean biopharmaceutical firms was product development. Biopharmaceutical firms of cluster 3,
which has high distribution to product development, ultimately have better technological innovation
and financial performance. In present, there are biopharmaceutical firms in the Korea with only
basic research function. This study suggests that they should make efforts to consider opportunities
for commercialization to achieve initial growth, although they are now basic research firms. By
securing profit by commercializing their technologies and products, or providing services for basic
R&D (ex. services using platform technology such as bioinformatics) at the initial stage, they should
evolve to partially or fully integrated firms.

Second, business diversification strategy can reduce risk by securing revenue from other business
area in the initial stage, in comparison with that of dedicated biotechnology firm type in the context
of biotechnology latecomer such as Korea. This study proved that there is no significant difference
between cluster 1 and cluster 3 in operating profit and net profit, in spite of significant difference in
revenue. In practice, Korean biopharmaceutical firms diversified into other business segment like
food and cosmetic for securing profit structure because they spent long time and huge cost for R&D
and commercialization. It implies that they are object to expand their profit stream through business
diversification strategy, regardless of different business diversification paths. Industrial context of
biotechnology latecomers such as Korea is difference advanced nations such as US. Biopharmaceutical
firms in Korea should consider profit model from firm founding, because of deficiency of initial
investment as angel or venture capital. In this sense, business diversification can be important strategy
for initial profit generation to Korean biopharmaceutical firms.

Third, biopharmaceutical firms with only basic research function should cooperate with other
organizations (company, university, etc.) with complementary technology assets. In context of
biotechnology latecomers like Korea, most of biopharmaceutical firms is small size, young and born
with one or two core technologies, thus cooperation is inevitably required for enhancing technological
value as “development”. The result of this study shows that the level of R&D alliance is discriminant
factor between infant and mature firms. It implies that mature firms can develop their technologies
by R&D alliances. The “research” domain originally has property as public good. However, in
the “business” domain, it preferentially should focus on contributing needs of target consumers by
providing new technological value and further profits of biopharmaceutical firms. For it, basic research
biopharmaceutical firms should focus their competitive core technological value for business, and
design their business models to rapidly acquire and learn complementary technology assets through
cooperating with other organizations.

This study also has some limitations. First, there is a limitation in the clustering method.
Although this study identified the business model for biopharmaceutical firms in Korea through
the quantitative clustering method, a variety of methodological efforts are required. This study was
analyzed using hierarchical clustering based on Ward’s method as one of the methods recommended
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by Bigliardi et al. [20]. However, there are various distance measurement criteria and calculation
methods in hierarchical clustering. Therefore, to enhance validity, it is necessary to compare a variety
of methods in the future.

Second, the assumptions on the business model in this study are quite restrictive. Although this
study selected criteria based on existing literature, more detailed criteria are still required to distinguish
the business model further. We considered that it would be more necessary to capture the distinctive
features of business models in latecomer countries than identifying more business models. However,
characterizing more business models through detailed criteria is also an important issue for subsequent
research. This study implicitly assumes that one firm has one business model. In fact, however, firms
can adopt multiple business models simultaneously [61] or the model can even change over time [41].
Therefore, it will be interesting to monitor the transition or persistence of business model based on a
panel data.

Third, the performances compared are limited to quantitative values. We compared the financial
and innovation performances between clusters. However, larger and older firms tend to have more
patents and revenues. Therefore, comparisons of ratio indicators such as revenue per employee can be
made. By comparing these qualitative indicators, it is possible to discuss the economic and innovation
efficiency of each cluster.
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