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ABSTRACT 

 

The Drivers of Mergers and Acquisitions in the Pharmaceutical Industry. (May 2012) 

Fan Ji, B.S., University of Science and Technology of China 

Chair of Advisory Committee: Dr. Steven Wiggins 

 

We examine the determinants and drivers of 112 mergers and acquisitions (M&A) 

activities exceed 50 million values in the pharmaceutical industry using COMPUSTAT, 

SDC and FDA data during the period 1980 -2010 with random effect logit model. We 

find direct evidence on the relationship between an acquisition activity of a firm and its 

pipeline productivity and qualities. For the acquiring firms, the mergers are motivated by 

the decreasing trend in the pipeline productivity which is measured by new molecular 

entities (NMEs) approvals and the fewer top-sale drugs before merging. In the meantime, 

the research & development and advertising expense are having fewer impacts. For the 

target firms, the firms which are having higher drug quality and higher drug sales are 

more popular in the mergers and acquisitions target market. In addition, a higher 

research and development expense is also a significant indicator on the firm‘s ―quality‖ 

which signals the higher possibility to be targeted. 
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1. INTRODUCTION 

 

1.1 Research Motivations and Objectives  

 ‗We know surprisingly little about mergers and acquisitions, despite the buckets of ink 

spilled on the topic.‘ Joseph L. Bower said this over ten years ago in 2001 and up to now 

M&A activities still captures much of the interests. In this paper, we focus on 

pharmaceutical industries from the technology side, rather than financial side, to explore 

the key drivers behind all the M&A activities happening in this industry during the 

period 1980 – 2010. We care about the core business in the industry – the drug 

production pipeline will have a power to determine market structure. In the 

pharmaceutical industry, the drug production pipeline should take this role and speak for 

most of the major change in this market.  We assume the key drivers of the M&A 

activities in the pharmaceutical industry are the declining productivity in the drug 

pipeline. And we use a logit model to improve it using data from various sources.  

 

1.2 Research and Scope Limitation:  

 The topic most focuses on the technical side – the drug production pipeline, since 

the financial side has been studied too well such as tobin q driver and rate of 

return. Somehow it will not be able to capture the complete picture. 

 Mergers data are censored as only public firms are listed in the data set. Only  
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part of tentative mergers, which means the merger data is a censored data set 

 We only have financial data for public firms listed in COMPUSTAT, while many 

mergers happen within private sectors. 

 Due to data limit, patent data and individual drug sales data are not embedded in 

the model, which may impact some of the results. 
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2. BACKGROUND AND THEORIES 

 

2.1 M&A Waves 

M&A activities across industries, as a powerful marketing strategy for firms, have been 

studies for years by researchers on its drivers and consequences on the structure of the 

market afterwards. A significant body of economic research has examined on the effects 

of the merger, and a couple of related theories have emerged. 

 

We have noticed that mergers always happen in waves. So far there are six waves could 

be distinguished in US: horizontal mergers (1897- 1904) , vertical mergers (1916 -1929), 

diversified conglomerate mergers(1965-1969), congeneric mergers and  hostile 

takeovers (1981-1989),  cross-border mergers (1992-2000), and last one shareholder 

activism, Private Equity, LBO (2003-2008)*. This paper focuses on a thirty year period 

from 1980 – 2010 covers the last three merger waves. According to the Economist, ―No 

Study has been able plausibly to explain why mergers happen in waves.‖ The Economist 

suggested that the mergers arise whenever (1) an industry is under stress and (2) 

economies are buoyant and ―company bosses have money to spend (or can raise it more 

easily) and worry less that shareholders will call them to account for what they do with 

it‖ (Making a Meal of Mergers, 1994). 

 

From the third merger wave (1965–1989), corporate mergers have involved more 

diversified industries (Andrade, Mitchell and Stafford 2011). Some of the mergers are 



 

 

4 

4
 

done to smooth out economic cyclical turns, or just to diversify to hedge an investment 

portfolio. From the fourth merger (1992–1998) till today, mergers happen more 

frequently within the industry, companies are more likely to acquire in the same 

business, which want to expand the market or get larger profit. Targets sometimes are 

not necessarily the capital but are technology, ideas, pipeline, and people, etc. Many 

companies are being targeted for their patents, licenses, name brand, etc. Such as the 

pharmaceutical industry we will see soon, we have studied that more than half of the 

mergers happening within the industry target on the drug patents or drug approvals. 

 

2.2 M&A Cost and Effect 

The cost of mergers is very much important and always creates an enormous amount of 

number in money.  Even though most of the mergers are in the purpose of cost 

reduction, it is usually difficult for them to achieve the expected target afterwards due to 

the high transaction cost during the merger. According to Wikipedia, top 10 M&A deals 

worldwide by value from 1990 to 1999 are from 183,000 to  42,000 mil US dollar, and 

the top 10 M&A deals worldwide by value from 2000 to 2010 are from 164,747 to 

52,000 mil US dollar. This kind of behavior is not only costly in money but also in time 

value. Each key merger behavior always requires at least 2-5 years strategic planning 

ahead and around 2 years transitions time or more. Mergers pattern vary in different 

industries: some industries favor more at small start-ups; some are always the 

combination of the strong ones. Each industry has its unique pattern based on the 

characteristics of the industry. Such as pharmaceutical industries, we notice that 
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although some of the mergers occur between large companies, most of them follow the 

rule ―Bigger fishes eat small ones‖ this is in compliance with our hypothesis as well.  

        

 In spite of purpose to survive and thrive through the merger, the results of mergers are 

often ambiguous (Houston, James and Ryngaert 2001). Numerous empirical studies have 

shown that merger failure happens more than expected. There are always three ways to 

measure post merger performance: Synergy realization, absolute performance and finally 

relative performance. In our paper, we will perform a merger evaluation based on these 

methods in the later chapter to assess the merger effects in the pharmaceutical industry.  

 

2.3 Merger Theories 

According the recent studies, motivation for mergers can be grouped into six distinct 

theories, Differential efficiency theory: inefficient management theory, synergy, pure 

diversification, strategic realignment to a changing environment and undervaluation. 

Inefficient management is similar to the concept of managerial efficiency but represents 

that is incompetent in the complete sense. There are two types of synergy, financial and 

operating, both ends in the results that combing two firms are more profitable than 

running them individually(Capron 1999). Pure diversification benefits in many 

categories, such as managers, employees, owners and the firm itself. To diversify 

through mergers is commonly preferred through internal growth. Strategic realignment is 

commonly used as a reaction the constantly changing external environment. 

Undervaluation predicts the acquire firms usually seeking small firms with potential 
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growth in the future, which are currently undervalued by the market (Mitchell and Lehn 

1990). The implication of the undervalue theory will result seeing many big firms 

usually target on small start-ups with potential significant growth, which happens often 

in the pharmaceutical industry.  

 

2.4 Merger and Acquisition Types 

Certain types of mergers can be distinguished in the literature such as horizontal, 

vertical, congeneric and conglomerate. ―A horizontal merger results when two firms in 

the same line of business are merged… A vertical merger occurs when a firm acquires a 

supplier or a customer… The economic benefit of this type of merger stems from the 

firm‘s increased control over the acquisition of raw materials or distribution of finished 

goods. A congeneric merger is achieved by acquiring a firm that is in the same general 

industry but neither in the same line of business nor a supplier or customer… The benefit 

of this type of merger is the resulting ability to use the same sales and distribution 

channels to reach customers of both businesses. A conglomerate merger involves the 

combination of firms in unrelated businesses… This would make the operating risk of 

the combination smaller than the risk of the firms standing by themselves.‖  In our paper, 

our focus is the horizontal merger since we study the mergers happen within the 

pharmaceutical industry. 

 

There are certainly other options to choose than M&A such as become a partner, signing 

contracts or joint venture, etc.  The final decision of which form of integration is chosen 
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depends on the strategic plan and cost calculations. It is rather difficult for us to get the 

data on contract, partner or joint venture. In addition, a complete integration may imply 

more intense motivation and larger impact. Hence, we will only focus on fully 

integration in this paper. 
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3. PHARMACEUTICAL INDUSTRY 

 

3.1 Pharmaceutical Drug Cost and Development 

The pharmaceutical industry, which is among the most research intensive industries, has 

provided a good scope to invest the drivers and effects of the mergers.  The specialty of 

the core products in this industry prospers the merger activities.  There has been an 

increasing attention over recent years on activities in pharmaceutical industry due to 

some of the key dynamic forces affecting the industry since 1980s. While it was a rising 

period on both price and profit in this industry, many challenges also occurred.  In 1984, 

the passage of the Waxman-Hatch Act was a milestone legislative change that allows 

generics to enter the market by providing bioequivalence without doing clinical test. 

This change has significantly changed the gap between generics and branded drugs once 

they lose the patent.  More pressure has been transferred to the R&D investment on 

NMEs (new molecular entities) side.   

 

The drug pipeline production which researches and produces the NMEs eats the biggest 

part of money in the pharmaceutical industry. Starting from the drug application, to drug 

test, including both animal test and human test, to the drug approvals, the whole process 

will result in an average per drug cost of $802 mil according to Dimasi(2003). Part of the 

reason being such a high cost is due to the low successful rate and long lasting test 

period of the NMEs. According to Dimasi(2003), the average research time for a drug 

from scratch to be able to be marketing is 12 to 15 years. Most of the NMEs are killed 
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during this process, either failed on the animal test or human test, or some other 

marketing failures. The average survival rate of the drugs among the initial application 

to final approval is as low as ten percent. Figure 1 shows that during the period 1980-

2010 FDA on average has approved 125 generic drugs (ANDA) and just 25 branded 

drugs (NMEs) per year. As a result of the huge cost and difficulty in NMEs, patent 

protection as a compensation method is very essential to protect the profit of each NME. 

This also has encouraged the R&D in pharmaceutical industry to become more 

important.   The usual effective patent life for a branded drug (NME) is about 15 years. 

Some are a bit longer with the patent extension.  Under the patent protection, the huge 

price gap between the branded drug (NMEs) and the generics will create the most profits 

and encourage the business.   

 

 

             Fig. 1.— Drug Approvals on NME and ANDA Each Year 
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3.2 Pharmaceutical Mergers 

As a result of this special business pattern (long-lasting research period and high-cost 

investment), mergers are constantly showing up as a strategic method to solve the 

business downturns in pharmaceutical industry. Many studies have shown that the patent 

expiration is a key factor that drives the mergers in the pharmaceutical industry which is 

faster and more reliable compared to internal growth.  

 

We have seen couple merger waves during our focus period (1980 – 2010).  The first 

merger wave consisted of the Bristol-Myers Squibb and Smith-Kline Beecham mergers. 

The second wave of mergers occurred in the years 1994 to 1996. American Home 

Products merged with Ayerst and Wyeth in 1994, two subsidiaries that had been run 

independently. This was followed by Glaxo Wellcome in 1995, Pharmacia and Upjohn 

in 1995, Hoechst A.G. in 1995, and Novartis, previously Ciba- Geigy and Sandoz, in 

1996. The third wave commenced in 2000 when Pfizer merged with Warner Lambert, a 

far larger merger than the proposed Warner Lambert Parke Davis merger that the United 

States Government had opposed in the 1960s. Table 1 shows that there are acquisitions 

happening almost every year from year 1985 to year 2009 and total 112 in our data set. 

In some years, there are over ten acquisitions in pharmaceutical industry, which means 

this industry practice this game often. Also, in year 1989 and 1999, 16.8% and 21.8% of 

the total asset in the industry are used to buy other firms. 
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Table 1 

Merger Summary in Pharmaceutical Industry 

Merger 

Year 

# of 

Mergers 

Total Value 

of Mergers 

($ mil) 

Mean Value 

of Mergers 

($ mil) 

Percentage of 

Total Industry 

Asset (%) 

1985 1 385.2 385.2 0.5 

1986 2 967.5 483.8 1 

1987 1 3080 3080.0 2.8 

1988 1 4584.8 4584.8 3.8 

1989 2 20856.6 10428.3 16.8 

1990 1 1530 1530.0 1 

1991 2 340.9 170.5 0.2 

1992 1 50 50.0 0 

1994 7 7052.3 1007.5 2.5 

1995 3 851.5 283.8 0.3 

1996 5 1859.8 372.0 0.5 

1997 3 606.8 202.3 0.2 

1998 5 1355 271.0 0.3 

1999 10 105035.3 10503.5 21.8 

2000 11 9337.9 848.9 1.8 

2001 6 13766.1 2294.4 2.4 

2002 4 60905 15226.3 9.6 

2003 7 6250.1 892.9 0.8 

2004 6 5852.7 975.5 0.7 

2005 12 20176.7 1681.4 2.3 

2006 6 22320.8 3720.1 2.4 

2007 6 8284.3 1380.7 0.8 

2008 5 11354.5 2270.9 1.1 

2009 5 113020.5 22604.1 9.2 

Grand 

Total 112 419824.3 3748.4 3.3 

 

 3.3 Reason for the Mergers in the Pharmaceutical Industry 

 
"An acquisition to fill holes in the current product line versus developing the new  
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 product in house can be considered a strategy to improve the time to market.‖  This best 

describes the strategic behavior in the pharmaceutical industry. When choosing between 

buying out and filling holes in the current product line or spending over ten years 

developing the new product in house, many companies have chosen the former one. 

Most studies have proposed that pharmaceutical firms are more likely to acquire another 

firm when their drug (NMEs) portfolios become too old (the portion of the expiring 

patent in the drug portfolio).  Somehow we do not take patent as the root drivers of the 

merger but assume it is the consequence of the poor quality on the drug pipeline in the 

company, which actually drives the buying activity. A high pipeline production would 

be able to resolve all the issues, including patent expiring and profit decreasing, etc.  

 

Our hypothesis is as follows. For acquiring firms, it is often cheaper, quicker and easier 

to takeover others, than to develop in house product (Ravenscraft and Sherer 1987). 

Especially to buy from relative small firms with undervalued drug portfolio or potential 

increasing productivity. The ability to distinguish the high productivity pipeline in small 

firms is an essential key to a successful takeover. For target firms, to be acquired seems 

to be an acceptable exit strategy to some firms: sometimes it could be very beneficial to 

the investors.  The typical business chain of pharmaceutical companies comprises five 

part of process: discovery, testing, development, manufacturing and marketing/sales.  

Big firms always have bigger advantage in the marking/sales part, but it is not always 

the case for the first three parts: discovery, testing and development. In order to obtain 
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the maximum return on investments, firms want to be acquired have to show or prove 

their advanced ability in either of the stage.  They may have already had some 

blockbuster drugs in the market or they show much focus on the research & 

development which has a very high probability to produce a blockbuster drug in the near 

future. In addition, a business running in a good-condition is necessary as well, such as 

decent historical sales, total value, no large long-term debt, etc.  

 

Our hypothesis is that firms with the decreasing trend in their pipeline production which 

leads a reduction in drug quantity (measured by NMEs approvals each year) and quality 

(measured by NMEs sales in the domestic market) are more likely to acquire another 

firm and perform takeovers. In the other side, firms with higher intensive research 

investment or a good record of in house products are more likely to be targeted. A 

decreasing trend in drug quantity means the number of NME drug approvals decreased 

along the time. A decreasing trend in drug quality means the approved drugs of the 

company are not having good sales in the market and fail to cover the costs. Either of the 

case above happens may lead the pharmaceutical companies into serious financial 

problems or even bankruptcy. Large companies more likely to initiate acquisitions are 

based on their bigger financial powers and financial burden at the same time. The firms 

to be targeted are more likely the firms having higher pipeline productivity, either 

quantity or quality. Relatively small firms are more likely to be chosen as the target 

during an acquisition due to the financial concerns. In addition, actively involved in 

R&D activity may be able to attract more potential buyer as well. 
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4. LITERATURE REVIEW 

 

4.1 Related Study 

Pharmaceutical industry is very research-intensive and relies very much on the patent 

protection. The determinants of merger studies in pharmaceutical industry are often 

rationalized by focusing on R&D research expense, patent length, and marketing. 

Chesbrough (2003) discusses the importance of a company‘s need to address the 

research gaps in a timely manner, which has lit some shed in our research. Also, it has 

been proposed that mergers as a means to outsourcing R&D (Higgins and Rodriguez 

(2005)). Higgins and Rodriguez‘s paper focus on a sample of about 60 public firms that 

formed at least one strategic alliance between 1994 and 2001 and found that firms with a 

high desperation index, which is the expected years of patent life, were more likely to 

acquire another firm. The closest study to us is by (Danzon et al.2007). The paper uses 

the multi-logit model to examine the determinants of the mergers and claims that higher 

the old patented drugs (9 to 14 years old) portion in a firm‘s portfolio, which implies 

fewer new drugs produced in the pipeline in recent trend, thus lead to lower expectation 

on earnings growth, the more likely firms are acquiring another firm.  A one standard 

deviation increase in the percentage of a firm‘s drugs that are between 9 and 14 years old 

is associated with a 1.8 percentage point increase in the probability a firm will acquire 

other. While the firms with a relatively low Tobin‘s q are more likely to be acquired 

which may indicate that the acquiring firms consider the target firms are under-valued in 

the market. 
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4.2 Improvement 

Previous studies have stated that the patent portfolio will be a good indicator for the 

acquisition activity while the following study wants to improve that the drug 

quantity/quality are the key reason initiating the activity though patent portfolio may be 

a helpful indicator. We have made two major improvements in this paper. Firstly, we use 

random-coefficient logit model to take care of the cluster effect in the data. A random-

coefficient model will be more appropriate to analyze the panel data which includes 

1501 companies over a thirty years period. The same company has been measured 

repeatedly in consecutive years and allowing the coefficient to be random will better 

capture the heterogeneity effect on the clustered data. In addition, the autocorrelation in 

the error term within the same company in consecutive years is necessary to be 

considered. The normal logit model ignores the correlation within the same company in 

different year will lead to an inaccurate result. Second, to better measure the drivers of 

the merger, we focus on the pipeline productivity instead of patent life. We use the 

lagged number of NMEs (New Molecular Entities) approvals pre and after the merger, a 

more accurate and direct way to capture the effect. The expected future sale for each 

drug is measured by total post-realized drug sale on the approved drugs after the 

merging year. Correspondingly on the target side, we are able to show that the firms with 

higher pipeline quality and higher sales expectations are more likely to be targeted. 
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5. DATA 

 

It is well-known that pharmaceutical industry, a little bit different from other industries, 

rely much on the new drug research and patent protection. The NDAs (New drug 

Approvals) include both generic drugs (ANDAs) and branded drugs (NMEs).  We will 

focus on latter NMEs (branded drugs) since this is where the most cost lies and biggest 

potential profit comes from. The quantity and quality of NMEs approvals in the market 

are the key measures of the drug pipeline productivity in a pharmaceutical firm. The 

number of NMEs created and are finally approved each year indicates the research 

ability of the firm. Generic drugs (ANDAs) are a different combination of the molecular 

entities being created through NMEs in a much easier process. Each branded new 

product( NMEs) takes an average of 10 to 15 years to develop from initial discovery to 

final FDA approval, ready to be in the market.(Dimasi, 2001) and the cost of developing 

a new drug product (NMEs)increases from $231 million in 1987 to $802 million in 

2000.(Dimasi, 2001). Over the same period, R&D expenditures for US pharmaceutical 

companies totaled from $6.8 billion and grew to over $21.3 billion in 2000. From FDA 

site, the average time the FDA takes to approve a brand new drug (NME) was 

approximately 20 months. Each year, on average FDA approves 125 total generic drugs 

(ANDAs) (Figure 1) and on average only 25 approvals on branded drugs (NMEs) from 

year 1980-2010 (Figure 2), due to the extensive higher investment and longer period in 

the NMEs research. Despite of the huge cost on NMEs drug research, the following 



 

 

17 

1
7
 

significant rate of return on the drug is always the major means pharmaceutical firms 

cover their cost.  Thus, it is always a key measurement of the drug pipeline productivity. 

 

5.1 Data Collection 

Our analysis draws on a number of different data sets: SDC Merger data; NDAs and 

NMEs drug approvals data; top drugs sales data; and company financial data from 

COMPUSTAT. Initial definition of the pharmaceutical industry is with a primary SIC 

code (2833, 2834, 2835 and 2836).  

 

 Merger data: Merging data from SDC including merger year, merger company 

name and merger value. We focus on mergers in pharmaceutical industry (SIC 

code: 2833 –2836) from year 1980 to 2010. This dataset gives us over one 

thousand merger cases during this time period.  To limit our sample to firms with 

significant merger value, we include only mergers valued beyond 50 millions, 

which left us a universe of 233 merger cases with 466 companies involved. 

 

 Financial data: Financial data for each firm is from COMPUSTAT over period 

1980-2010, including data on sales, ads, R&D, long‐term debt, total asset, market 

value, etc. These are some variables may to some extent help to explain firms 

acquisition decisions. To have a control group of non-merging firms, we have 

kept all the firms from COMPUSTAT total 12419 firm-year data points within 

the period. To match the data with SDC, some of the merger names have been 
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modified according to the official COMPUSTAT web site. For example, Abbott 

Laboratories and ABBOTT LABS appeared in three different merger cases and 

all have been changed to name ‗ABBOTT LABORATORIES‘, which is in line 

with the name in the COMPUSTAT data set. After removing merger firms not in 

COMPUSTAT data set, we are finally having 112 merger cases with full 

COMPUSTAT data in both target and acquiring sides. Most of the acquired firms 

have no data show up anymore in the COMPUSTAT after the merging year, 

which makes sense. 

 

 Drug quantity data: Drug approvals data. Both branded drugs (NMEs) and 

generic drugs (ANDAs) approvals for each company each year from 1980 to 

2010 are obtained from FDA website. Data contains drug name, approval type, 

applicant name and approval year. Total of 769 NMEs approvals from 239 

companies; total of 3619 NDAs approvals from 478 companies. Some of the 

drug names have been modified as well to match the record across the dataset, 

for example, both ACETAMINOPHENW/COD and 

ACETAMINOPHENW/CODEINE have shown up in the list and have been 

modified to one name, ACETAMINOPHENW/COD. 

 

 Drug quality data: The best data to capture the drug quality is the individual drug 

sales data in the market, which unfortunately we are not capable of retrieving. 

Instead, we use the list of top 200 branded drug by sales published by 
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www.drug.com each year. An index is assigned for each drug to count the 

frequency on the list, to measure the post-realized sales of the drug. The more 

time a drug shows up in this list within its patent period, which indicates a better 

sale, the higher the drug quality from a certain company. 

 

5.2 Data Summary 

Table 1 reports the number and value of mergers between 1980 and 2010 in our sample 

of pharmaceutical firms, in total asset value of over four hundred billion. On average 

there is as high as 3.3% of the total pharmaceutical industry asset are used for the 

merging activity only during this period.  Such an enormous amount of money is 

invested in M&A activities, and therefore to figure out why this happens becomes more 

substantial. 

 

Table 2 and Table 3 are summary lists on acquiring side and target side respectively, 

while Table 4 is a summary list on all of the involved firms during the period. Higher the 

number of NMEs approvals in each firm-year, better indicate the firm has a more 

efficient drug pipeline.  Higher the ratio on the drugs approved show up in the top 200 

list, higher the quality of drugs and may indicate a higher expectation on the future sale 

on that drug. The size of the firms in this data set vary a lot, but large firms are more 

likely to apply for the NMEs since they have relatively bigger financial power to support 

the average 802 million cost for each NME; thus they are also more likely to 

buy(acquire) another firm. Smaller firms are more likely to apply for the NDA drugs 
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which have much less cost. There is still some chance for small firms to develop NME 

drugs, but through a more difficult process.  Thus, any successful NME drug developed 

by small firms proves much of its research ability. The number of NDA/NME in the top 

200 drugs list is counted as how many times they have shown up in the list later, within  

the patent protection period. 

 

Table 2  

Variables for Acquiring Firms in COMPUSTAT 
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Table 3  

Variables for Target Firms in COMPUSTAT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

22 

2
2
 

Table 4 

Variables for All Firms in COMPUSTAT 

 

 

For each firm involved in merging activities, we take a five year window before and 

after the merger to have a closer look at the merger effect both on acquiring and target 

side. (Table 5) 
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Table 5 

Five Years Window around Merger 

 

 

• Acquiring firms are usually large firms with enough financial power to apply for the 

NMEs, while target firms are relatively much smaller firms which are not financially 

sufficient to apply many NMEs while having relatively higher NME ―successful‖ rate 

and higher R&D intention. 

 

• Target side usually has a lower NME approvals rate than industry level while having a 

higher NME in top200 rate than industry --Target side has much higher quality in their 

NME approvals. 

 

• Acquiring firms averaging total assets are more than 3 times as target firms : Big Fish 

always target on small fish. 80% percent of the merger cases involves acquiring firms 

are more than twice the size as target firms. (Figure 2) 
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Fig. 2.— Big Fish Eat Little Fish 

 

Data summary graph for acquiring firms: we summarize the data using the merger year t 

as the base and observe what happened to all the acquiring firms two years ahead of 

merger (t-2, t-1) and two years after the merger(t+1, t+2). From the Figure 3, a clear 

decreasing trend of drug quality/quantity ahead of merger for each acquiring firms 

shows up and a reverse increasing trend of drug quality/quantity right after the merger. 

We have also seen a higher increasing rate for acquiring firms in its sales, total asset, and 

book‐value per share in its post‐merger period compared with pre-merger period (Figure 

4). 

 Count_NME : how many NME drug approvals in each year 
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 NMEin_200: How many times does an NME drug have shown up in the 

top 200 sales within its patent period 

 Count_NDA: How many NDA drug approvals in each year 

 NDAin_200: How many times does an NDA drug show up in the top 200 

sales within its patent period? 

 

                 Fig. 3.— V Shape on Acquiring Firms 
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       Fig. 4.— Financial Status for Acquiring Firms before/after Acquisitions 

 

 

       Fig. 5.— Number of NME Approvals for Target Firms ahead of Mergers 
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            Fig. 6.— R&D over Sales Ratio on Target Firms and Non-Target Firms 

 

For the target firms (Figure 5 and Figure 6), according to our hypotheses, one of the 

main reasons they have been chosen is due to their efficient drug pipeline. We expect 

firms with a higher number of NME approvals are more likely to be the target. From 

below data, a much higher level of NME approvals for target firms than the industry 

level ahead of merger. It is usually the case that target firms are small in firm size and 

low in market value. We expect firms with higher R&D over sales ratio will have a 

higher possibility to be acquired, which means they are more actively involved in R&D 

research and have bigger potential ability to have higher drug pipeline productivity. 

These firms may not be able to apply extensive number of new drugs as large firms do. 

In this case, number of NME/NDA approval may not be a reliable indicator. R&D to 

sales ratio may be more appropriate to measure the devotion into the R&D research, and 

thus firms with a higher R&D to sales ratio are more likely to be favored by the 

acquiring firms. 
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6. MODEL 

 

6.1 Cluster Effect 

The clustered effect in Economics shows up when we have a multi-level data. Such as a 

group of student are divided into different classrooms and to evaluate the policy effects 

on individual student. We have two levels in the data here: the classroom and the 

student. Students in the same classroom are independent to each other, but in the 

meantime they may have some correlation to each other due to the same class 

environment, such as the same teacher, the same peer effect, etc. In this case, we could 

not treat each student as i.i.d and cluster effect within each classroom has to be 

considered.  It is the same case for the pharmaceutical data we use. Since each company 

has been measured repeatedly in consecutive years within the period, the data for the 

same company will have cluster effect. Each company-year data point cannot be treated 

as i.i.d as in previous studies. We assume data for the same company in different year 

has a correlation with each other while each company is independent to each other. 

 

6.2 Logit Model 

As mentioned above, the traditional logit model will not perfectly capture this data since 

it is a panel data with cluster effect on the repeated measures within the same company. 

Following Donald Hedeker, the random-coefficient logit model may be a better choice to 

capture the heterogeneity effect among different companies. We study two separate 

models on acquiring and target side respectively and treat the model choice set as binary 
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(Acquiring vs. Non-Acquiring, and Targeted vs. Non-Targeted). The merger decision on 

each side of the merger is made independently. 

 

Where Wi is a known  design matrix for the fixed effects, α is the p×1 vector of 

unknown fixed regression parameter, Xi is a known ni×r design matrix for the random 

effects, βi is the r × 1 vector of unknown individual effects, and ei is the ni × 1 error 

vector. The distribution of the random effects is assumed to be multivariate normal with 

mean vector µ and covariance matrix Σ, and the errors are assumed to be independently 

distributed as multi-normal with mean vector 0. 

 

Key variables of the interests and the expected signs (Table 6) 

 Count of NME approvals (ct_nme):  There are two different effects on count of 

NME approvals on acquisition side. One is smaller the # of NME approvals in 

acquiring side higher the probability to acquire; another one larger the # of NME 

approvals refers bigger the financial power which makes the firm acquires 
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another firm easily. We will let the data tell us which effect dominates. On target 

side, higher the # of NME in target side should increase the acquisition rate. 

 Trend of  count of NMEs approvals(ct_nme_d): ct_nme(t)-ct_nme(t-1), capturing 

the change in the NMEs approvals, expecting negative sign in the trend of NME 

in acquiring side and positive sign in target side 

  Number of NME in 200(nme_200) : How many times the drug have shown up in 

top 200 sales list 

 Trend of number of NME in 200(nme_200_d) : nme_200(t) – nme_200(t-1) 

 R&D expense in target side  

 Trend of total asset: total_asset(t) – total_asset(t-1) 

 

Table 6    

Expected Signs on Key Variables on Each Side 

 ct_nme ct_nme_d nme_200 nme_200_d R&D 

Acquiring ? – – – – 

Target + + + + + 
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7. RESULTS 

 

Below are some results ahead of running the model. 

 56.1% of the acquiring firms have increased their number of patent approvals 

within 5 years post‐merger period on average, which refers to a drug pipeline 

quality improvement after the merger. 

 36.1% of the portfolio for acquiring firms are 10 years or older at merging year 

on average. This number is 15.8% to non‐merging firms. This significant gap 

illustrates a strong motivation for firms taking merging action.  

 38.8% of the merger cases involve targeting firm having NME approvals ahead 

of merger. 

 41.8% of the NMEs owned by target firms before merger showed up in Top200 

list after the merger. 

 

Following Hedercker (2003) paper, we will use a FORTRAN program (MIXNO) for 

MML fitting of baseline-category logit model with random effects which uses Gauss-

Hermite Quadrature. To get a taste of the model, we first have run a binary logit model 

which ignores the clustered effect.  

 

Table 7 reports the result on the acquiring firms with i.i.d data. The results shows that 

almost none of the variables are significant, except ct_nme has a small significance. This 

happens is probably due to the cluster effect of the data. This also may be the reason 
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why previous studies did not capture the importance of the NME approvals – the related 

variables are not shown as significant in their estimation.  More variables are significant 

in target side (Table 8). However, the sign of the important variables is not as expected. 

Such as the R&D variable is negative shows that more research a firm invests, lower the 

possibility it got targeted, which is not the case in our data. 

  

Table 7 

Acquiring Side Results with i.i.d Data 

Variable Estimate 

Stand. 

Error Z p-value 

ct_nme * -1.61619 0.91246 -1.77125 0.07652 

ct_nme_d 0.28945 0.20511 1.41116 0.1582 

debt_lon -0.28836 0.21519 -1.34005 0.18023 

mkt_exp 0.12076 0.09457 1.2769 0.20164 

nda_200 -0.16154 0.12686 -1.27334 0.2029 

nda200_d 0.00059 0.00047 1.26941 0.20429 

nme_200 -0.97821 0.85696 -1.14148 0.25367 

nme200_d 0.11185 0.13497 0.82874 0.40725 

R&D -0.00001 0.00002 -0.67414 0.50022 

Sale -0.1232 0.18561 -0.66375 0.50685 

Year 0.00117 0.00208 0.56039 0.57521 

ct_nda_d 0.85186 1.82581 0.46656 0.64081 

ct_nda -0.00014 0.00048 -0.3043 0.7609 

ads 0.00031 0.00125 0.25109 0.80174 
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Table 8 

Target Side Results with i.i.d Data 

Variable Estimate 

Stand. 

Error Z p-value 

ads*** -0.0006 0.00005 -13.4273 0 

R&D*** -0.00023 0.00005 -4.6236 0 

year_d*** 0.00451 0.00071 6.35719 0 

mkt_exp*** 0.00009 0.00002 4.3767 0.00001 

at_trend** 0.00002 0.00001 2.00924 0.04451 

debt_lon -0.0001 0.00007 -1.45301 0.14622 

sale -0.00001 0.00001 -0.9068 0.36451 

ct_nda_d 0.09595 0.10673 0.89895 0.36868 

nda_200 -0.00212 0.00261 -0.81179 0.41691 

ct_nda -0.00513 0.00886 -0.57888 0.56267 

ct_nme -0.03667 0.07309 -0.50175 0.61584 

nme_200 0.01513 0.0349 0.4336 0.66458 

mv_trend 0 0.00001 0.31248 0.75468 

ct_nme_d -0.02373 0.20136 -0.11785 0.90618 

bk_value 0 0 0.11657 0.9072 

 

 

Though the fixed logit model does not consider about the clustered effect which may be 

too loose on the significant test, we will still be able to have some flavors. NME, R&D 

variables are significant and in expected signs. Somehow some of the variables are not 

as significant as expected. This is because the fixed effect model does not consider the 

correlation within the same company 

 

After we adding one intercept to capture the cluster effect, the results got much 

improved (Table 9 and Table 10). Almost all parameters are in expected signs. NME has 

much bigger impact than other variables in acquisition. R&D are significant and in 
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expected sig NME impact are significant and in expected sign. When the lagged 

variables have a negative coefficient means the number of drugs approvals or quality of 

drugs decrease, the possibility of the firm acquiring another will increase, such are in 

line with our hypothesis.  In acquiring side, the positive sign for ct_nme can be 

explained as the indicator of the size of the firms. From the previous data summary, we 

observe that mergers are usually triggered by large firms with bigger financial power to 

invest more NMEs. However, the huge investment does not necessary lead to a high 

quality drugs.  Thus, we expect and see a negative sign in the ct_nme_d, which indicates 

a firm losing its capability to produce NMEs is more likely to go out and buy another 

firm. In addition, the NME parameters are much more enlarged compared to NDA 

parameters, which make sense to our story. The importance of branded (NMEs) drugs is 

much heavier than generic (NDA) drugs. Higher the asset value, higher the possibility to 

acquire other firm, while higher the advertising expense and R&D expense, which may 

indicate the firm has strong confidence on its drugs, thus may lead to lower incentives on 

the acquisition. In the target side, the NME signs are as expected, more and higher the 

better drug quality (NMEs) have been produced in the previous years, higher the 

possibility the firm to be targeted. In addition, a firm with more advertising expense 

which may create higher reputation is easier to be noticed and targeted. Also, we have 

noticed that the age a firm has established also affects the merger decision. Younger the 

firm is, higher the rate to be chosen. 
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Table 9 

Acquiring Side Results with Correlation 

Variable Estimate Std. Z p-value 

at_trend*** 0.00006 0.00001 5.02819 0 

ct_nme*** 5.71688 0.26723 21.39305 0 

ct_nme_d*** -3.35177 0.34509 -9.71262 0 

debt_lon*** 0.0005 0.00023 2.15886 0.03086 

mkt_exp** 0.0002 0.00011 1.81566 0.06942 

nda_200*** -0.14293 0.01873 -7.63082 0 

nda200_d*** -0.13182 0.01958 -6.73325 0 

nme_200** -0.10601 0.06176 -1.71653 0.08606 

nme200_d*** -0.09583 0.04022 -2.38238 0.0172 

R&D*** -0.00041 0.00017 -2.42444 0.01533 

Sale*** 0.00019 0.00005 3.88692 0.0001 

Year*** -0.76803 0.0083 -92.5803 0 

ct_nda_d -0.16984 0.11026 -1.54036 0.12347 

ct_nda 0.17211 0.12489 1.37804 0.16819 

ads 

Intrcpt 

-0.00021 

-6.01758 

0.00023 

0.7077 

-0.91828 

8.50301 

0.35847 

0 
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Table 10 

Target Side Results with Correlation 

Variable Estimate Std. Z p-value 

nme_200*** 0.88124 0.21288 4.13962 0.00003 

nme200_d*** 0.97051 0.1943 4.99493 0 

at_trend*** 0.00012 0.00005 2.61429 0.00894 

R&D*** 0.00443 0.00063 7.01637 0 

debt_lon*** -0.00798 0.00121 -6.61659 0 

Sale*** -0.00076 0.00012 -6.41187 0 

Ads*** 0.00898 0.0007 12.76465 0 

Year*** -1.16768 0.01336 -87.431 0 

ct_nda 0.31239 0.47795 0.65361 0.51336 

ct_nda_d -0.41992 0.57676 -0.72807 0.46657 

ct_nme 0.58257 1.85706 0.31371 0.75374 

ct_nme_d -0.34759 1.65576 -0.20993 0.83372 

mkt_exp -0.00077 0.00059 -1.30422 0.19216 

nda_200 -1.04174 1.18934 -0.8759 0.38108 

nda200_d 

intrcpt 

0.14639 

10.92364 

0.72579 

2.91381 

0.2017 

3.74892 

0.84015 

0.0002 
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8. CONCLUSION AND DISCUSSIONS 

 

We examine the determinants and drivers of 122 M&A activities exceed 50 million 

values in the pharmaceutical industry using COMPUSTAT, SDC and FDA data during 

the period 1980 -2010 with random effect logit model and get direct evidence on the 

relationship between M&A activity and its pipeline productivity and qualities. For the 

acquiring firms, the mergers are motivated by the decreasing trend in the pipeline 

productivity (NMEs approvals) and fewer top-sale drugs ahead of the merging time. 

While the R&D and advertising expenditure have fewer impact. For the target firms, the 

firms with higher drug quality and higher sales drugs are more popular in the M&A 

market. In addition, a higher R&D expense is also a strong indicator for the firm‘s 

―quality‖ which signals the higher possibility to be targeted. Younger the firm is, higher 

the rate to be targeted. 

 

As mentioned above, we have some limitations in this model. Such as in this model we 

have put fewer weights on the financial side but more on the technical side, the core 

business of the industry. Also, mergers data are somehow censored due to the 

unavailability to the private mergers and potential mergers.  We do not include patent 

data due to the data limitation in this model, which has been studied plenty of times in 

the previous literature. We believe that base on the structure of the model, to include the 

patent data in this model will improve the result but not in a significant way.  To have a 

better measurement on the drug quality in the future, we would like to have the 
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individual sales data on each drug, which is too expensive to obtain right now. With the 

individual drug sales data, there would be accurate measurement on a quantitative level. 

These are some points to be improved in the future research. 
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