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Abstract

In the context of increased pharmaceutical innovation deficits and Big Pharma blockbusters’

patent expirations, this paper examines the moderating role of firms’ absorptive capacity in

external innovation activities of Big Pharma firms. The study indicates a rising interest of Big

Pharma in acquisitions of and alliances with biotechnology companies. Unfortunately, this

increased interest is not reflected in the number of new drugs generated by Big Pharma. We

find that acquisitions of biotech companies have negatively affected Big Pharma firms’ inno-

vation performance on average but these acquisitions might have a positive effect at higher

levels of acquiring firms’ absorptive capacity. Moreover, also acquisitions of pharma compa-

nies and alliances with biotech companies only have a positive effect on innovation perfor-

mance at sufficiently high levels of absorptive capacity. The moderating role of absorptive

capacity implicates that a tight integration of internal R&D efforts and (unrelated) external

knowledge is crucial for harnessing complementarity effects.

Introduction

The pharmaceutical industry is one of the most research-intensive industries, with average

new product development (NPD) trajectories of 11.9 years [1, 2]. For the past decade the

industry has been coping with a growing “productivity gap” [3, 4] or “productivity paradox”

[5], which is generally described as a decrease in new products launched versus an increase in

research and development (R&D) expenditures [6]. These increased expenses appear to be

related to an increasingly rigid regulatory environment and higher quality demands [7, 8]. In

addition, patent expiry on numerous blockbuster drugs, also referred to as the “patent cliff”,

and consequent generic competition is currently affecting the industry, eroding $billions in

annual sales [9]. Although the decrease in pharmaceutical productivity is controversial [8], the

combination of challenges that are involved has serious ramifications for maintaining the
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industry’s margins and double-digit growth rates of past decades [10]. These rates are still

incorporated into the growth expectations of shareholders and can be maintained only with an

annual launch of at least two new ‘blockbuster’ drugs [5].

An important strategy that has been used over the past two decades to address thinning

pipelines involves mergers and acquisitions (M&As) [11, 12]. Fig 1 shows the consolidation of

Big Pharma, with 32 incumbent firms in 1990 merging to 12 firms in 2013.

Together, these firms have generated more than 60% of the combined global pharmaceuti-

cal sales over the past decade (see Fig 2). Therefore, in this study, these 12 firms are considered

to represent Big Pharma, which is the nickname given to the most influential global pharma-

ceutical firms. According to Danzon et al. [13] and Frantz [14], M&As appear to be a response

to the expected patent expirations and gaps in a firm’s product pipeline. However, this consoli-

dation strategy has had little effect, as M&As do not appear to create or destroy value [11].

Nonetheless, since the 1980s, pharmaceutical firms have employed this M&A strategy with

respect to biotechnology small- and medium-sized enterprises (SMEs) in the hopes of counter-

ing innovation deficits [15, 16].

The current innovation challenges have coincided with the considerable rise of new sources

of innovation for pharmaceutical firms. The biotech ‘revolution’, which began in the 1970s

[17], has significantly affected the radical innovation process within the industry. This rise of

scientific drug discovery, spurred the origination of highly innovative and specialized biotech-

nology-driven firms [18].

Biotechnology as a new source of external innovation was expected to be the answer to the

challenges that the pharmaceutical industry is currently confronted with [19]. This develop-

ment resulted in a continuous trend in the formation of new pharma-biotech collaborations

and acquisitions of biotech SMEs [20, 21] (Figs 3 and 4). However, the coincidence of the

incumbent firms’ focus on external sources of innovation, the considerable rise in R&D expen-

ditures, and the stagnant pattern of newly developed drugs (i.e. productivity paradox), does

raise questions regarding the effects of external innovation from biotechnology SMEs on

incumbent pharmaceutical firms’ innovation performance.

The (bio)pharmaceutical industry is a prime example where technologically unrelated in-

novation sources are used to replenish incumbent firms’ R&D pipelines, making it ideal to

investigate differential effects of related and unrelated acquisitions and alliances on firms’ inno-

vation performance. By establishing a framework based on the innovation activities of incum-

bent pharmaceutical firms, this paper uniquely aims to explore effects of related and unrelated

sources of innovation, accessed through alliances and acquisitions, on firms’ innovation perfor-

mance. Moreover, the aim is to show the moderating role of absorptive capacity, measured as

internal R&D, in these effects, identifying either complementarity or substitutability between

Big Pharma firms’ internal and external R&D activities.

The paper is organized as follows. Section 2 provides the theoretical background and

derives several hypotheses. In section 3, we discuss the data and methodology of our study.

Section 4 presents the results, and section 5 concludes the paper.

Theory and hypotheses

This study applies the resource-based view (RBV) [22] on external innovation from a firm-

level perspective, where M&As and alliances are modes to acquire or access non-substitutable

and non-imitable resources to enhance firms’ innovation performance. From this theoretical

perspective previous research shows that M&As in the pharmaceutical and biotechnology

industry are positive for both parties only when the acquirer and the target own and combine

strategically valuable resources and capabilities [23]. Regarding alliances, resource alignment

Absorptive capacity and effects of acquisitions and alliances on Big Pharma innovation performance
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Fig 1. Big Pharma consolidation. M&As that led to the current 12 largest Big Pharma firms. (source: SDC

Platinum Database (ThomsonReuters))

doi:10.1371/journal.pone.0172488.g001
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seems to be crucial as well [24].Furthermore, in the context of open innovation [25] and explo-

ration and exploitation [26] as it applies to the (bio)pharmaceutical industry [27, 28], three

important innovation activities are internal R&D efforts, engaging in alliances, and engaging

in M&As. Finally, this theory draws upon real option theory, which predicts that firms learn

through an alliance and will acquire its alliance partner when the alliance turns out to be a suc-

cess [29–32].

Fig 2. Global pharmaceutical sales (in $Billions). Showing the proportion of global sales of the Big

Pharma firms as illustrated in Fig 1 compared to global industry sales. (source: EvaluatePharma; Datastream

(ThomsonReuters))

doi:10.1371/journal.pone.0172488.g002

Fig 3. Trends in externally acquired knowledge and assets through acquisitions by big pharma firms

between 1990 and 2013. Showing the acquisitions of ‘Pharma’ targets and ‘Biotech’ targets as a percentage

of included acquisitions. (source: SDC Platinum Database (Thomson & Reuters))

doi:10.1371/journal.pone.0172488.g003
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In the pharmaceutical industry, several types of M&As are prevalent, which include but are

not limited to: large-scale mergers between pharmaceutical firms (e.g., Glaxo Wellcome merg-

ing with Smithkline Beecham to form GlaxoSmithkline in 2000 and Sanofi merging with

Aventis in 2004), large-scale biotech mergers (e.g., Biogen and Idec merging in 2003) and

acquisitions of biotech SMEs [20] on the one hand, and acquisitions of pharmaceutical compa-

nies on the other hand. We argue that pharma companies are more related to Big Pharma

firms, in terms of business logic, knowledge, technologies and NPD; than biotech companies.

Therefore, in this paper, biotech companies are considered relatively unrelated to the incum-

bent pharma firms.

Incumbent (pharma) firms and biotech companies make alliance and acquisition deals to

reach their respective goals. Biotech companies want to ensure their short-term survival by

accessing financial resources, sharing the high risks associated with drug development and

ultimately gaining market access. In contrast, pharmaceutical firms intend to acquire product

candidates with blockbuster potential to fill gaps in their pipeline [33, 34]. Although the block-

buster model is being increasingly questioned by firms themselves [5], the strong focus on the

short-term commercial exploitation of high-potential products appears to resonate in the strat-

egies of firms. As a result, firms generally target profitable or later clinical stage biotech compa-

nies. Although early stage companies are less expensive to acquire, they are typically more

distant from becoming profitable and thus are less appealing [35]. The targets also tend to be

acquired for only one or a few products from their pipeline [36], resulting in a frequent write-

off of acquired in-process R&D.

External innovation activities and innovation performance

Alliances generally seem to outperform acquisitions when it comes to effects on a firm’s inno-

vation performance [37]. Where overall effects of alliances on innovation are often positive

[38–41], the effects of acquisitions on innovation are mostly neutral or negative [37]. Effects of

acquisitions on various performance measures appear to be more negative when acquirers and

Fig 4. Trends in externally acquired knowledge and assets through alliances of big pharma firms

between 1990 and 2013. Showing access to knowledge/assets in alliances with ‘Pharma’ companies and

‘Biotech’ companies as a percentage of all studied alliances.(source: SDC Platinum Database (Thomson &

Reuters))

doi:10.1371/journal.pone.0172488.g004
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targets have more diverging knowledge bases or are more dissimilar in size [42]. So, especially

for unrelated acquisitions, where the assimilation and application of newly acquired knowl-

edge are likely to be resource consuming and can be counter-productive [43], the effects are

found to be negative [44–47]. In many cases acquisitions also fail due to other reasons such as

resistance to change and the not invented here (NIH) syndrome [48].

Compared to acquisitions, different dynamics play a role in alliances, and hence different

management capabilities are needed to adequately exploit innovation accessed through strate-

gic alliances [49]. There are various types of strategic alliances, in this paper we include ‘joint

ventures’ (JVs), ‘in-license deals’, ‘funding of external R&D projects’, and ‘collaborative R&D

agreements’ as alliances, if they were considered to be directly relevant for NPD. Alliances are

often engaged prior to M&As [50], presenting the opportunity of ‘cherry-picking’ at a rela-

tively low cost before committing to all assets of a target company [37, 51]. However, the extent

to which alliances have positive effects on innovation performance is highly dependent on var-

ious factors, such as the relatedness of the knowledge bases of involved firms, the intensity of

collaboration, and optimal alliance networks [37, 46]. Especially relatedness may be an impor-

tant factor and positive effects of alliances may be greater for related alliances as opposed to

unrelated alliances. Distinguishing between biotech and pharma alliances, Deeds and Hill [41],

however, find no significant differences in innovation performance between both types of

alliances.

The moderating role of absorptive capacity

Absorptive capacity is originally defined by Cohen and Levinthal [52] as a firm-level construct

regarding a firm’s ability ‘to recognize the value of new, external knowledge, assimilate it, and

apply it to commercial ends’ (p. 128). They suggested that absorptive capacity is largely a func-

tion of the firm’s level of prior related knowledge, and that it is critical to the firm’s innovative

capabilities. In various studies, a firm’s internal R&D investments is considered to be a proxy

for its absorptive capacity [52–60] and appears to be a contingency variable that critically influ-

ences the relationship between external R&D strategies and innovation performance [61–63].

In particular R&D acquisitions are complementary innovation activities at higher levels of

internal R&D investments (i.e. higher expenditures on internal R&D, absolute or relative to

sales), while at lower levels, internal R&D and acquisitions turn out to be substitutive strategic

options. This might especially be true for related acquisitions as literature typically suggests

that creating economies of scale and scope require a high level of technology- and market-

relatedness [37, 64]. Accordingly, Zahra and Hayton [53] find positive significant interaction

effects of related acquisitions and absorptive capacity on both firms’ ROE (return on equity)

and revenue growth. Building upon these arguments, we derive the following hypothesis:

Hypothesis 1a: Absorptive capacity has a positive moderating effect on the relationship

between pharma acquisitions and Big Pharma firms’ innovation performance.

Pisano [65] explained that the rapid internalization of biotechnological R&D through

acquisitions is likely to be an undesirable model. He argued that acquiring biotech SMEs can

be particularly dangerous when used to overcome internal deficits. Acquiring biotechnology

companies is only recommended after sufficient accumulation of in-house R&D experience

[65–67]. Correspondingly, Miyazaki [68] has reported negative effects in high-tech industries

when firms choose between either high levels of internal R&D (i.e., ‘making’) or external

growth strategies involving M&As (i.e., ‘buying’).

Although, as H1a suggests, complementarity between internal and external R&D often

depends on relatedness [37, 64, 69], positive, but mostly non-significant, interaction effects of

internal R&D activity and unrelated knowledge acquisitions have been found as well [53, 70].

Absorptive capacity and effects of acquisitions and alliances on Big Pharma innovation performance
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In such cases, innovation management requires a tight integration of internal and external

knowledge to capture the positive effects each innovation activity has on the marginal return

of the other [69]. It seems that increased absorptive capacity (i.e. internal R&D) could posi-

tively moderate the effects of unrelated acquisitions on firms’ innovation performance. As

such, the following hypothesis is suggested:

Hypothesis 1b: Absorptive capacity has a positive moderating effect on the relationship

between biotech acquisitions and Big Pharma firms’ innovation performance.

A very fundamental difference between alliances and acquisitions lies in the degree of own-

ership between the parties involved. While larger firms can play a dominant role, the owner-

ship of external R&D remains with the other firm, resulting in a lack of ownership advantages

that could be essential in creating complementarity between internal and related external

R&D. The choice between internal R&D and related alliances is influenced by whether they

are complements or substitutes which, ultimately, rely on whether synergies exist between

them [71] and the R&D governance mode choice appears to be an important contingent vari-

able in this regard [72]. Due to a higher degree of separation in terms of ownership and gover-

nance between internal R&D and external alliances, firms are more likely to choose M&As

over alliances with increased relatedness [72]. For alliances, there seems to be an optimum as

neither too much nor too little relatedness contributes to firm innovation [73]. Related alli-

ances and internal R&D may be substitutable, so that the marginal benefit of pharma alliances

could decrease with higher levels of internal R&D investments. This would lead to a negative

moderating effect of absorptive capacity (substitution). Whereas Zahra and Hayton [53] find a

positive moderating role of absorptive capacity on the financial effects of related alliances,

Berchicci [74] also finds a substitution effect between a firm’s internal R&D capacity and exter-

nal R&D through licensing, alliances and technology agreements with other firms. Given these

findings, a substitution effect between internal R&D and related external innovation through

alliances may be expected in the context of this study as well. The following hypothesis is

formulated.

Hypothesis 2a: Absorptive capacity has a negative moderating effect on the relationship

between pharma alliances and Big Pharma firms’ innovation performance.

The effects of unrelated alliances on firms’ innovation performance, on the other hand,

could be enhanced by firms’ absorptive capacity. Laursen [75] explains that the inherent ten-

sions and conflicts between exploratory and exploitative activities may call for organizational

separation of these activities within firms. Perhaps a higher degree of separation in governance

between the (more explorative) activities of biotechnology firms and the (explorative and

exploitative) activities of pharmaceutical firms can result in increased complementarity effects

on innovation when internal pharmaceutical R&D interacts with biotech R&D through strate-

gic alliances. Correspondingly, Lavie et al. [76] explain how inter-organizational R&D alliances

may involve varying degrees of basic research and incremental development in which they rec-

ognize intermediate activities that combine new knowledge development and the leveraging of

prior knowledge. Increased internal explorative R&D might enhance effects of partnerships

with unrelated innovation on a firm’s innovation performance. This corresponds with positive

and significant empirical findings from existing literature [53, 54, 70], offsetting possible nega-

tive effects from opportunism in unrelated alliances. Considering this, the following hypothesis

is suggested:

Hypothesis 2b: Absorptive capacity has a positive moderating effect in the relationship

between biotech alliances and Big Pharma firms’ innovation performance.

Alliances may be created as a means to learn about the effectiveness of a partner prior to an

acquisition. Real options theory predicts that the option to acquire the alliance partner will

only be executed when circumstances are favorable [29–32]. In our case, favorable outcomes

Absorptive capacity and effects of acquisitions and alliances on Big Pharma innovation performance
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can be interpreted as success in terms of innovation. When the outcome of the alliance is unfa-

vorable (yet), the alliance will be continued or dissolved. As a result, an acquisition that follows

an alliance provides the acquirer with useful experience and such an acquisition is expected to

have a positive effect on innovation performance. Hence, we propose the following hypothesis.

Hypothesis 3: Acquisitions that follow an alliance have a positive effect on Big Pharma

firms’ innovation performance.

Methodology

In this study, we collect data related to all incumbent pharmaceutical firms, together known as

Big Pharma. As shown in Fig 1, these firms are: Johnson & Johnson, Pfizer, Roche, GlaxoS-

mithKline, Novartis, Sanofi-Aventis, AstraZeneca, Abbott, Merck & Co (and Schering), Bayer,

Eli Lilly, and Bristol-Myers Squibb. We examine the effects of alliances and acquisitions that

occurred between the period from January 1990 to December 2013.

Measures

Innovation performance. Abundant previous studies have used both input measures

(e.g., R&D expenditures) and output measures (e.g., product introductions) to study innova-

tion performance. According to De Man and Duysters [37], output measures are generally pre-

ferred over input measures and are also expected to provide the most accurate measure of

innovation performance, particularly when estimating the effects of M&As. Accordingly, an

output measure was used for the analysis in this study.

The Center for Drug Evaluation and Research (CDER) distinguishes eight different chemi-

cal classes of new drug approvals (NDAs), of which the first class concerns new molecular enti-

ties (NMEs); defined as drugs that contain an active moiety that has never been approved by

the FDA or marketed in the US. This class has been used in the literature as a measure for

pharmaceutical innovation performance [11, 77–80]. In addition, products generated by bio-

technologies such as recombinant DNA technology are registered as Biologic License Applica-

tions (BLAs), governed by the Center for Biologics Evaluation and Research (CBER).

The total number of NMEs and BLAs generated by the Big Pharma firms and their sub-

sidiaries during the studied period, as depicted in Fig 1, was used as the dependent variable in

this study. The data was obtained from the online databases of the FDA, CDER, and CBER.

NMEs and BLAs generated by firms prior to their merger were included in the analysis.

NMEs and BLAs generated by subsidiaries that remained active were only included after the

respective acquisition, and only if the subsidiary also engaged in alliances and acquisitions

prevalent in our dataset. Subsequently, we excluded NMEs and BLAs with the same name,

applicant and approval date as a previous one. These occur due to multiple registrations

according to different dosages or delivery methods. A total number of 318 NMEs and BLAs

were included in the analysis (S1 File).

The focus was on US approvals because the USA is the largest market for pharmaceuticals

and biotech products and accounts for more than 50% of global pharmaceutical sales [81] and

any firm that generates new drugs would take advantage of this market.

Acquisitions. From ThomsonReuters SDC Platinum M&A database, an initial total num-

ber of 1,205 mergers and acquisitions was gathered for the 12 firms (Fig 1). This dataset was

analyzed per entry in order to properly categorize and include or exclude individual acquisi-

tions. As discussed earlier, this study does not focus on large-scale M&As, as depicted in Fig 1

(transaction values over $10 billion); therefore, these were excluded from the analysis, and all

minority stake acquisitions were also excluded. For mergers of firms that both acquired

smaller companies during the studied period, acquisitions were added together. Subsequently,

Absorptive capacity and effects of acquisitions and alliances on Big Pharma innovation performance
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it was determined whether acquisitions were directly relevant for NPD, possibly leading to

either an NME or a BLA. On the basis of this premise, acquisitions of (research) services com-

panies and medical devices/diagnostic product companies were excluded from the analysis.

The remaining acquisition targets were subsequently categorized either as being biotech-

nology companies or pharmaceutical companies. This categorization was mainly based on the

respective target company’s lead product(s) in development. Information from the deal synop-

sis as included in the database was used in combination with additional searches for company

websites and profiles on websites (e.g. Bloomberg’s businessweek.com). The criteria used for

distinguishing pharma companies from biotech companies resemble those described in exist-

ing literature [82–85]. Targets were considered to be pharmaceutical companies if their prod-

ucts (in development) mainly concerned small molecule drugs and/or the companies used

more traditional drug discovery methods for lead generation. For biotech targets, consistent

with literature [18, 82], we identified different types in our dataset. We only included Chiesa

and Chiarioni’s [82] description of “core biotech companies”, which include “product bio-

techs”, “drug agent biotechs”, and “platform biotechs”. Targets were considered to be biotech

companies if their products (in development) concerned products of biotechnologies (e.g.

recombinant proteins, antibodies) or platform biotechnologies (relating to gene therapy or cell

therapy, for example).

After these exclusion steps a total of 568 acquisitions were included in the analysis (S2 File),

of which 290 acquisitions of pharmaceutical companies (i.e. Pharma Acquisitions) and 278

acquisitions of biotechnology companies (i.e. Biotech Acquisitions).
Alliances. With the first inquiry, a total of 2,878 alliances were extracted from Thomson-

Reuters SDC Platinum alliances and joint venture database. This dataset was again analyzed

per entry, using similar exclusion criteria as described above. Again, alliances of firms that

merged during the studied period were added together. First, the type of alliance was consid-

ered and ‘alliances for services’, ‘out-licensing’, ‘marketing alliances’, ‘out-sourcing’, and

‘manufacturing alliances’ were excluded from the analysis. As a consequence, only ‘joint ven-

tures’ (JVs), ‘in-license deals’, ‘funding of external R&D projects’, and ‘collaborative R&D

agreements’ were included, if these were considered to be directly relevant for NPD (i.e. mar-

keting or manufacturing JVs were also excluded). In addition, these latter set of alliance types

with (research) services and medical devices/diagnostic product partners were also excluded

from the analysis, as such partners were again not considered to be directly relevant for NPD.

The remaining alliances were further categorized based on the alliance partner being either

a biotechnology partner or a pharmaceutical partner. For this categorization the same criteria

as described for the acquisition targets, were used. Similarly, this categorization was also based

on the deal synopsis as provided by the SDC Platinum database or, if necessary, on additional

online data.

After these exclusion steps a total of 1,270 alliances were included in the analysis (S3 File),

of which 552 alliances with pharmaceutical companies (i.e. Pharma Alliances) and 718 alliances

with biotechnology companies (i.e. Biotech Alliances).
Absorptive Capacity (ACAP). As stated by Zahra and Hayton [53], several measures for

absorptive capacity have been used in the literature, but the most popular measure is R&D

spending, as a firm’s internal R&D is the foundation of its absorptive capacity [52]. Similarly

to Lin et al. [54], we used a relative measure for R&D intensity, which was generated by divid-

ing the R&D expenditures by the sales of the respective big pharma firms as shown in Fig 1.

Both data on firms’ R&D expenditures and sales was collected from ThomsonReuters’

Datastream and these measures were added together for merged firms prior to their merger.

The role of Absorptive Capacity was assessed by estimating effects of interactions with the

acquisitions and alliances variables on firms’ innovation performance. For the main effects

Absorptive capacity and effects of acquisitions and alliances on Big Pharma innovation performance
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this measure for R&D intensity was included as a control variable in models without firm

dummies.

Size–Firms’ size was included as a control variable, measured by the number of employees.

This data was also obtained from Datastream. In the analysis a log transformation of this vari-

able was generated.

Models and analysis. For the regression analyses, a panel dataset was used to estimate

effects on the dependent variable, Innovation Performanceit for firm i in year t. Independent

variables were generated by creating stock variables for the measures as described above for

firm i over the period from year t to t-5, hereby creating a time lag of 5 years (similar effects

were found using lags of 4 and 6 years). This time lag was introduced to estimate the lagged

effects of our independent variables, considering companies’ stage in product development. A

time lag of 5 years seems to be sufficient [86], and a longer time lag would lead to a larger

decrease in the number of observations.

First, the main effects were estimated with a Poisson regression with robust standard error

(SE) corrections, with and without firm fixed effects, including Absorptive Capacity i(t—t-5) and

ln(Size)i(t—t-5) as control variables.

Subsequently, the moderating role of absorptive capacity was explored with a Poisson

regression of the same models including interactions of absorptive capacity with the acquisi-

tions and alliances variables, using the same time lags of 5 years. By using dummy variables,

we control for time-specific and firm-specific effects. The hypotheses were tested using the fol-

lowing model:

Innovation Performanceit ¼

aþ b1ACAPiðt� t� 5Þ þ b2lnðSIZEÞiðt� t� 5Þ
þ b3Pharma Acquistionsiðt� t� 5Þþ

b4Biotech Acquisitionsiðt� t� 5Þ þ b5Pharma Alliancesiðt� t� 5Þþ

b6Biotech Alliancesiðt� t� 5Þ þ b7ACAP � Pharma Acquisitionsiðt� t� 5Þ þ b8ACAP�

Biotech Acquisitionsiðt� t� 5Þ þ b9ACAP � Pharma Alliancesiðt� t� 5Þþ

b10ACAP � Biotech Alliancesiðt� t� 5Þ þ εit

Results

Acquisitions and alliances

Over the studied period of 24 years (1990–2013), we do not observe a rise in the total number

of acquisitions. However, pharmaceutical acquirers seem to have shifted their focus, with

respect to the type of acquisition targets they acquire. Fig 3 shows an increase in Biotech
Acquisitions and a decline in Pharma Acquisitions, as percentages of total acquisitions that

were considered to be directly relevant for NPD. This trend supports the notion of increased

investments in biotech by Big Pharma firms.

Regarding the total number of alliances, we observe a decline, decreasing from an annual

average of 220 between 1990 and 1995 to an annual average of 55 between 2008 and 2013. Sim-

ilar to the patterns regarding acquisitions, the results show that over the past 24 years, firms

have developed an increasing preference for collaborations in which they gain access to bio-

tech products and platform technologies (Fig 4). This result is not surprising, as many acquisi-

tions, especially small-scale acquisitions, are preceded by alliances and collaborations [50].

These trends regarding acquisitions and alliances correspond to the trends that have been

reported in other studies [20, 21].
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Innovation performance

The total number of NMEs and BLAs generated by Big Pharma was used as the measure for

innovation performance of these firms. In correspondence with existing literature [8, 17, 19],

these measures show a rather static pattern for both Big Pharma and the entire industry (Fig 5).

Based on these numbers, Big Pharma accounts for close to 50% of all NME approvals over

the studied period of 24 years (1990–2013). Considering the vast increases in R&D spending,

these results are considered representative for the productivity gap as described in literature

[5, 6, 87, 88].

Main effects

The descriptive statistics for all variables are provided in Table 1. We observe an expected posi-

tive correlation between the control variable, Size, and the dependent variable, Innovation
Performance.

In addition, Size correlates with all acquisitions and alliances variables, which is not surpris-

ing as larger firms would also be able to engage in more acquisitions and alliances. Interest-

ingly, there is no significant correlation between Absorptive Capacity (i.e. R&D intensity) and

Size or Innovation Performance. And, Innovation Performance only correlates with Acquisitions
and Pharma Acquisitions, in addition to Size, while Absorptive Capacity only correlates with

Acquisitions, Biotech Acquisitions and Pharma Alliances.
Table 2 displays the main effects without the use of firm dummies. Here, we show that the

control variable Size is positive and significant in our models. In addition, Table 2 shows that

Absorptive Capacity (i.e. R&D intensity) has a positive but non-significant effect on the innova-

tion performance of Big Pharma firms. This provides empirical support for the previously

described innovation paradox, where significant increases in R&D expenditures have not lead

to increases in firms’ innovation performance [5, 6].

Fig 5. Output in terms of NMEs and BLAs produced by the Big Pharma versus the industry as a

whole. These results represent the output NMEs and BLAs from the 12 largest pharma firms and the output

of the industry as a whole based on all drugs approved by the FDA. (source: CDER (Center for Drug

Evaluation and Research) and FDA (Food and Drug Administration))

doi:10.1371/journal.pone.0172488.g005
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Table 3 displays the main effects estimated with the Poisson regression analysis for the

same models, including firm dummies (A negative binomial regression analysis provided simi-

lar results; not shown). Overall, acquisitions negatively affect the innovation performance of

Big Pharma firms. This effect can be primarily attributed to the negative effect of Biotech
Acquisitions as opposed to Pharma Acquisitions. These findings are consistent with the litera-

ture. Pharma Acquisitions also appear to be negative but are non-significant, which supports

the notion that technologically related acquisitions are more beneficial for a firm’s innovation

performance than unrelated acquisitions.

In contrast to acquisitions and as expected, main effects of alliances positively affect innova-

tion performance, primarily because of the positive and significant effect of Pharma Alliances,
again illustrating the benefits of relatedness. There appears to be a negative but non-significant

relationship between Biotech alliances and Innovation performance. Nevertheless, alliances

with biotech partners outperform acquisitions of these companies and may, therefore, be a

Table 1. Descriptive statistics.

Mean Std. Dev. Min. Max. 1 2 3 4 5 6 7 8

1. Innovation performance 1.1 1.22 0 6

2. Size a 11.33 .558 10.1 12.6 .222*

3. Absorptive Capacity .139 .058 .052 .422 .084 .072

4. Acquisitions 2.13 2.07 0 9 .190* .440* .157*

5. Pharma Acquisitions 1.01 1.34 0 6 .179* .397* -.015 .751*

6. Biotech Acquisitions .965 1.21 0 7 .095 .275* .267* .740* .165*

7. Alliances 4.77 4.61 0 30 .077 .168* -.137 .169* .196* .049

8. Pharma Alliances 1.92 2.51 0 17 .064 .170* -.181* .133* .230* -.030 .875*

9. Biotech Alliances 2.49 2.4 0 15 .077 .154* -.038 .185* .120* .132* .826* .492*

*Correlation is significant at the 5% level (2-tailed).
a Log transformation

doi:10.1371/journal.pone.0172488.t001

Table 2. Main effects on Big Pharma firm’s innovation performance (without firm dummies).

Dependent Variable: Innovation Performance Model 1 Model 2

Size .353** [.134] .310* [.138]

Absorptive Capacity .776 [1.05] .809 [1.09]

Acquisitions .021 [.011] -

Pharma Acquisitions - .021 [.015]

Biotech Acquisitions - .024 [.020]

Alliances .008* [.004] -

Pharma Alliances - .015 [.012]

Biotech Alliances - .009 [.012]

Constant -5.15** [1.76] -4.73** [1.81]

Adjusted R-squared .12 .12

N 228 228

Log pseudolikelihood -414.97 -412.67

Year dummies are included, and most are not significant (not shown).

* Statistically significant at the 5% level.

** Statistically significant at the 1% level.

doi:10.1371/journal.pone.0172488.t002
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more preferred strategy, in particular when considering the moderating effects of firms’

absorptive capacity.

Interaction effects

The moderating role of Absorptive capacity is shown in Table 4. Although the interaction effect

with acquisitions is not significant, it is positive, while the main effect is negative and signifi-

cant. Absorptive capacity seems to predominantly moderate the effects of related acquisitions,

given that the interaction with Pharma acquisitions is positive and significant, which provides

empirical evidence for hypothesis 1a. On the other hand, the interaction with Biotech acquisi-
tions is positive but not significant, suggesting that absorptive capacity does play a moderating

role here, neutralizing the negative main effect of biotech acquisitions. However, this effect is

not significant, providing insufficient support for hypothesis 1b.

For alliances, overall, Absorptive capacity seems to negatively moderate their positive main

effect. However, this seems to be caused by a stronger negative and significant interaction

effect of Absorptive capacity and Pharma alliances, while the interaction of Absorptive capacity
and Biotech alliances is positive and significant. These results support hypotheses 2a and 2b.

Alliances as real options

Considering hypothesis 3, Table 5 shows regression results where a distinction was made

between acquisitions with experience (acquisitions where there was a previous alliance

between the acquirer and the target) and acquisitions without experience. Approximately 21%

of all the acquired companies in the dataset engaged in an alliance with the acquirer prior to

the acquisition. For the combined measure of innovation performance (NMEs and BLAs) as

dependent variable we find a significantly negative effect of acquisitions without partner spe-

cific experience, but we did not find a positive effect for partner specific experience. However,

after examining NMEs and BLAs as separate dependent variables, we find that partner specific

experience tends to have a positive, but non-significant, effect on innovation performance

Table 3. Main effects on Big Pharma firm’s innovation performance.

Dependent Variable: Innovation Performance Model 1 Model 2

Size -.594* [.255] -.694** [.258]

Absorptive Capacity -3.14 [2.09] -3.55 [2.17]

Acquisitions -.051** [.016] -

Pharma Acquisitions - -.039 [.022]

Biotech Acquisitions - -.043* [.019]

Alliances .011** [.004] -

Pharma Alliances - .029*** [.008]

Biotech Alliances - -.008 [.010]

Constant 7.76* [3.35] 8.97** [3.41]

Adjusted R-squared .23 .24

N 228 228

Log pseudolikelihood -358.78 -358.25

Year dummies and firm dummies are included, and most are not significant (not shown).

* Statistically significant at the 5% level.

** Statistically significant at the 1% level.

*** Statistically significant at the .1% level.

doi:10.1371/journal.pone.0172488.t003
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when considering biologics (BLAs), which include most biotechnological products (e.g.

recombinant proteins, antibodies, recombinant vaccines). Thus, experience through alliance

prior to acquisitions seems to benefit the effects of acquisitions on the acquirers’ innovation

performance more when it concerns biologics output. Though the positive effect that is found

for acquisitions with experience in the case of BLAs is not significantly different from zero, it is

significantly different (at the 5% level) from the effect found for acquisitions without experi-

ence. For NMEs, the negative effect of acquisitions on innovative performance persists,

Table 4. Interaction effects on Big Pharma firm’s innovation performance.

Dependent Variable: Innovation Performance Model 3 Model 4 Expected Sign

Size -.650** [.252] -.576* [.261]

Absorptive Capacity -2.34 [3.85] -8.51* [3.46]

Acquisitions -.060* [.030] -

Pharma Acquisitions - -.089* [.039]

Biotech Acquisitions - -.080** [.030]

Alliances .026*** [.008] -

Pharma Alliances - .110*** [.022]

Biotech Alliances - -.052* [.022]

ACAP * Acquisitions .143 [.170] -

ACAP * Pharma Acquisitions - .568** [.220] H1a (+)

ACAP * Biotech Acquisitions - .274 [.173] H1b (+)

ACAP * Alliances -.152* [.063] -

ACAP * Pharma Alliances - -.758*** [.177] H2a (-)

ACAP * Biotech Alliances - .405* [.172] H2b (+)

Constant 9,10** [3.20] 8.70** [3.35]

Adjusted R-squared .28 .29

N 228 228

Log pseudolikelihood -386.64 -381.67

Year dummies and firm dummies are included, and most are not significant (not shown).

* Statistically significant at the 5% level.

** Statistically significant at the 1% level.

*** Statistically significant at the .1% level.

doi:10.1371/journal.pone.0172488.t004

Table 5. Main effects of acquisitions with partner specific experience.

Dependent Variable: NMEs and BLAs NMEs BLAs Expected Sign

Size -.780 [.460] -.855 [.446] -.413 [.887]

Absorptive Capacity -2.51 [3.20] -3.62 [3.17] 4.82 [8.25]

Acquisitions with experience -.050 [.046] -.065 [.048] .028 [.104] H3 (+)

Acquisitions without experience -.041* [.020] -.033 [.021] -.066* [.033]

Alliances .010 [.007] .013 [.008] .006 [.012]

Constant 10.56 [6.05] 11.55 [5.89] -12.73 [11.25]

Adjusted R-squared .14 .10 .29

N 228 228 228

Log pseudolikelihood -335.09 -294.65 -120.27

Year dummies and firm dummies are included, and most are not significant (not shown).

* Statistically significant at the 5% level.

doi:10.1371/journal.pone.0172488.t005

Absorptive capacity and effects of acquisitions and alliances on Big Pharma innovation performance

PLOS ONE | DOI:10.1371/journal.pone.0172488 February 23, 2017 14 / 22



regardless of whether the acquisition was preceded by an alliance or not. Overall, we do not

find support for hypothesis 3.

Conclusions and discussion

In this study we show that acquisitions of biotech companies have an overall negative effect on

Big Pharma firms’ innovation performance. However, the level of these firms’ absorptive

capacity, which is characterized by a relative measure for in-house R&D investments, is a con-

tingency variable that critically influences the relationship between some external innovation

activities and Big Pharma firms’ innovation performance. In particular, acquisitions of both

pharma and biotech companies are complementary innovation activities at higher levels of

absorptive capacity (threshold at ACAP > 0.16 (p< .000) for pharma acquisitions and at

ACAP > 0.29 (p< .005) for biotech acquisitions), whereas the general effects of these acquisi-

tions appear to be negative. Noteworthy, pharma acquisitions outperform biotech acquisitions

in this regard, illustrating the known influence of technology- and market-relatedness. In addi-

tion, we show that the same complementarity exists between biotech alliances and absorptive

capacity, while pharma alliances’ main effect is positive but these alliances turn out to be sub-

stitutive strategic options at higher levels of absorptive capacity. Experience with acquisition

targets through a previous alliance may also significantly weaken the negative effect on innova-

tion performance.

Given the current innovation deficits Big Pharma is confronted with, this study indicates

that Big Pharma firms may have neglected internal R&D efforts because of the promising

expectations of the biotech revolution. Apparently, firms have relied on biotech companies for

innovation and may have underestimated the need for an emphasis on internal R&D, absorp-

tive capacity, and post-acquisition integration. We show that optimal gain from external tech-

nologically unrelated innovation, either through acquisitions or alliances, is contingent upon

these closely related constructs; and when underemphasized, effects of engaging with external

biotech innovation can be detrimental to a pharmaceutical firm’s innovation performance.

Although literature mostly attributes the M&A strategy of incumbent firms to their drying

pipelines and need for innovation, the negative main effects of biotech acquisitions could also

be explained by differences in acquisition motives. Schweizer [33] indicates that M&A strate-

gies certainly differ and that an understanding of the motives behind them is important for the

successful implementation of different types of acquisitions. Moreover, Ahuja and Katila [47]

acknowledge that technological reasons do not motivate all acquisitions. Other motives may

include the desire to obtain access to distribution channels, to gain entry into new markets, or

to obtain financial synergies or market power [47]. Furthermore, Ahuja and Katila [47] argue

that such acquisitions cannot be expected to improve an acquiring firm’s innovation perfor-

mance. Moreover, R&D replenishment in the short-term or other short-term motives, such as

the ability to enter new biotechnology markets or enhance short-term competitive advantages,

could be driving the spur of acquisitions of biotechnology companies, which could not reason-

ably be expected to resort real benefits to innovation performance.

Where general effects of acquisitions on innovation performance are mainly negative,

effects of alliances are mainly positive. Alliances with either related or unrelated partners may

be subject to differences in tensions between, for example, vigilance and trust, control and

autonomy, design and emergence, innovation and replication, and exploration and exploita-

tion, referring to dialectical theory [89–91]. Such tensions can strengthen an alliance and

increase its likelihood of success; however, they can also lead to alliance instability and conse-

quent negative effects. These tensions could thus influence internal R&D processes and, conse-

quently, the interaction effects with internal R&D intensity on a firm’s performance. In this
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regard, technology relatedness seems to be an important factor as higher levels of absorptive

capacity (i.e. R&D intensity) are complementary with biotech alliances but substitutable with

pharma alliances.

A related explanation for the negative interaction effect of alliances with pharma companies

is that a large number of such partners could lead to more interference and reconciliation

issues regarding strategy and thus internal R&D processes. Governance mode choice in inter-

firm cooperation [72, 92] may be important here as well as, in contrast, interaction effects of

pharma acquisitions and absorptive capacity are positive. We argue that this difference may be

attributed to potential ownership advantages of acquirers during acquisitions and post-acqui-

sition integration, where the acquirer exerts a more dictating role, fitting the acquired assets

into its own strategy and R&D focus.

Implications

For future pharmaceutical productivity and business model innovation [93], it is essential that

acquired biotechnology companies, once integrated, form a complementary force with inter-

nal pharmaceutical R&D efforts, even when companies are acquired for reasons other than

R&D replenishment and NPD. Other researchers have concluded that focusing either on accu-

mulating internal R&D but not exploring external opportunities or on continuously acquiring

but not assimilating new knowledge will negatively affect innovative performance [68, 94]. A

delicate balance must be found between the ‘make’ and ‘buy’ strategies [68], and ideally a focus

on both is most beneficial as capabilities associated and developed by putting effort in the

‘make’ increase absorptive capacity necessary to optimally leverage the ‘buy’ [67]. In addition

to a balance between ‘make’ and ‘buy’, a similar balance between ‘make’ and ‘collaborate’ is

equally important and may vary for different types of partners and targets. Thus, a tight inte-

gration of externally acquired knowledge and internal R&D efforts is crucial for harnessing

potential complementarity effects [69]. This encompasses an important firm level implication

regarding R&D management, emphasizing the importance of this integration, especially with

respect to technologically unrelated companies. For affairs with related companies, firms are

best to focus on gaining governance control over external R&D through acquisitions as this

can work complementary to internal R&D efforts. Without such control, this cooperation with

external related companies will be substitutable with internal R&D efforts.

Fetterhoff and Voelkel [95] describe the management of open innovation activities in the

context of biotechnology by proposing a five-stage value chain: 1) ‘seeking’ opportunities, 2)

‘evaluating’ the market potential of an opportunity, 3) ‘recruiting’ potential partners, 4) ‘cap-

turing’ value through rapid commercialization, and 5) ‘extending’ the innovation (i.e., working

collaboratively to generate additional innovation and develop collaboration beyond the life

cycle of a given product). From the firm perspective, this five-stage process represents a pro-

cess of integrating external explorative innovation, adequately exploiting that innovation, and

eventually further ‘extending’ the innovation in an explorative manner. Absorption and diffu-

sion of innovation are dependent on the organizational structure in question [96]. Each stage

offers an opportunity for value creation but also presents unique challenges requiring specific

capabilities. Examining the results of this study, we suggest that large pharmaceutical firms

often do not possess such specific capabilities. Moreover, pharmaceutical firms might not

complete this value chain through the final step of ‘extending’ externally acquired innovation.

Generating additional innovation beyond the life cycle of one or a few products requires

exploratory capabilities and increases the value of the initially acquired innovation [95].

The results in this study do not imply that firms should make fewer investments in biotech-

nologies. On the contrary, we believe that investment in and adequate exploitation of
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biotechnologies holds the future for pharmaceutical productivity, innovation and growth. How-

ever, we suggest that it is unwise to fully rely on acquiring biotechnology innovation alone,

while neglecting to continuously invest in internal explorative R&D activities [67], needed for

increased absorptive capacity and post-acquisition integration capabilities. Investing in biotech-

nology requires a long-term perspective that includes future internal exploration and that will

not be successful if the post-acquisition integration process is predominantly focused on short-

term innovation boosts and short-term profits. The motives behind acquisitions and alliances

are important, as they may function as a predictor of the success of an acquisition or alliance

and of whether such activity will positively affect innovation performance.

Limitations and further research

Our results should be interpreted with caution in view of the limitations of this study. Al-

though the trends that are identified in our study are consistent with global industry trends,

this study was conducted using data of the largest pharmaceutical firms of the past decades,

which makes it difficult to generalize these results and conclusions throughout the industry,

including smaller (bio)pharmaceutical firms. However, the purpose of this study was to inves-

tigate the processes pertaining to large incumbent pharmaceutical firms. Additional data

related to smaller firms would have increased the amount of data but could have also obscured

the effects that are mostly associated to Big Pharma firms’ conduct of business. Furthermore,

our dataset is quite substantial, as the Big Pharma firms account for more than 60% of global

pharmaceutical sales over the past decade (see Fig 2) and have produced close to 50% of all

approved NMEs and BLAs between 1990 and 2013.

Another limitation of this study is the extent to which we defined our categories. Perhaps

additional categorization would reveal more nuances; for example, different therapeutic areas

or types of products may be associated with different effects on innovation. In addition, in this

study we used but one variable that could moderate general effects of acquiring innovation,

while additional variables could also play an important role herein (e.g. measures for alliance

or acquisition experience).

Noteworthy, this study was limited to analyzing a specific industry with a high-risk profile

that is increasingly dependent on innovation from a still upcoming industry. As such, similar

effects might be apparent in other industries with similar characteristics. Further research

could examine such industries in a similar way to assess this. Another avenue of further re-

search could be to study innovation performance from the perspective of the acquisition tar-

get, in this case the biotechnology company (for example see: Fernald et al. [92]), as most

related research has focused on the incumbent firm’s perspective. Additional further research

could include assessing, in detail, the determinants of the absorptive capacity of firms, and the

necessary capabilities of optimal post-acquisition integration.

Finding a direct relation between innovative input and trends in output remains difficult.

However, by implementing time lags of up to five years in the models, we have been able to

measure significant differences in the effects of acquisitions and alliances on innovation. As

data from before 1990 was not included, this study does not allow for an accurate measure-

ment of long-term effects beyond five years. However, we show that acquiring biotechnology

companies will not solve the innovation deficit in the next five years without continuous devel-

opment of internal R&D.
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