
K
p

C
a

b

a

A
R
R
A
A

K
T
R
D
T
P

1

t
i
t
F
a
t
m

t
k
t
t
o
p
d
f
s

v

G

0
d

Research Policy 39 (2010) 810–821

Contents lists available at ScienceDirect

Research Policy

journa l homepage: www.e lsev ier .com/ locate / respol

nowledge sources, patent protection, and commercialization of
harmaceutical innovations�

hristian Sternitzkea,b,∗

Ilmenau University of Technology, PATON – Landespatentzentrum Thueringen, PF 100 565, 98684 Ilmenau, Germany
University of Bremen, Institute for Project Management and Innovation (IPMI), Wilhelm-Herbst-Strasse 12, 28359 Bremen, Germany

r t i c l e i n f o

rticle history:
eceived 16 October 2007
eceived in revised form 23 February 2010
ccepted 2 March 2010
vailable online 29 March 2010

a b s t r a c t

This paper investigates different types of innovations (from radical to incremental) in the pharmaceutical
industry by studying bibliometric data of drugs approved by the United States Food and Drug Adminis-
tration (FDA), looking at time-to-market aspects, knowledge sources of these innovations, and protection
strategies. Scientific knowledge stemming from the public sector is found to be important for all innova-
tions. Nevertheless, radical innovations build on a higher degree on basic research, and they build on a
eywords:
ime lags
adical innovations
rug lifecycle management
echnological trajectories
atents

significantly higher share of own prior scientific research than do incremental innovations. Furthermore,
each drug is shown to be accompanied by, on average, about 19 journal publications and 23 additional
patents. Additional patent filings peak when the commercialization of the drug is in reach. Firms do
not differ among the various types of innovations regarding the amount of additional patent filings, but
rather with the speed of filing these patents. Finally, this work contributes to the improvement of future
econometric analyses that aim to link bibliometric indicators such as patent or publication counts to firm

success.

. Introduction

This paper examines the knowledge base, knowledge protec-
ion and commercialization speed of different types of innovations
n pharmaceuticals: radical innovations, technological break-
hroughs, market breakthroughs, and incremental innovations.
irst, the impact of scientific and technological knowledge gener-
ted by both public research institutions and the firm that brings
he innovation to market is investigated. Second, drug lifecycle

anagement activities of these firms are analysed and discussed.
The findings presented in this paper aim to contribute to a bet-

er understanding of technological trajectories within firms, also
nown as corporate technological traditions (Achilladelis, 1993);
hey contribute to the stream of the literature on radical innova-
ions and their emergence, as well as to a better understanding
f the drug lifecycle management activities of firms. Finally, the

aper provides empirical data for the time-lag between research,
evelopment, and commercialization that may serve as a basis
or conducting research on (technological) capabilities, knowledge
tocks, and other aspects in strategic management theories that are

� Opinions expressed by the author are his own and do not necessarily reflect the
iews of the institutions with which the author is affiliated.
∗ Present address: CFH Beteiligungsgesellschaft, Loehrstraße 16, D-04105 Leipzig,
ermany. Tel.: +49 341 220 38832; fax: +49 321 212 35363.

E-mail address: cs@sternitzke.com.

048-7333/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.respol.2010.03.001
© 2010 Elsevier B.V. All rights reserved.

widely operationalised by bibliometric indicators such as publica-
tion and patent counts.

This work is organized as follows: Section 2 explains the back-
ground of the paper and develops several hypotheses. Section 3
explains the methodology, Section 4 provides details on the dataset,
and Section 5 presents the results. Conclusions and limitations fol-
low in Section 6.

2. Theoretical background and hypotheses

2.1. The emergence of different types of innovations

Innovations emerge along the evolution of technological tra-
jectories which have been discussed in the literature on several
levels. On the macro level Kondratev (1926) proposed his theory of
long waves with its (technology-driven) economic cycles, ranging
over several decades, once popularized by Schumpeter (1934). On
the meso level, technological trajectories (Dosi, 1982) describe how
technological fields evolve, and which implications can be drawn
for the industry relying on such fields. On the micro or firm level,
Achilladelis (1993) discusses the concept of corporate technologi-

cal traditions, thus examining how technological trajectories affect
the creation of innovations within single firms.

The emergence of a technological trajectory is triggered by a
technological paradigm or discontinuity which is often related
to scientific discoveries, while incremental innovations emerge

http://www.sciencedirect.com/science/journal/00487333
http://www.elsevier.com/locate/respol
mailto:cs@sternitzke.com
dx.doi.org/10.1016/j.respol.2010.03.001
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Table 1
Types of innovations.
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hrough continuous technical change afterwards (Dosi, 1982, 1988;
odoe, 2000). Technological trajectories can be modelled via S-
urves, which can be considered to be either the performance of
new technology over time (see e.g. Christensen, 1997; Sood and
ellis, 2005) or the cumulative number of innovations within that
ycle. Here, the emergence of a technological trajectory goes hand
n hand with the birth of new technology fields, with a flood of
ncremental innovations emerging over the course of the trajec-
ory, following some discontinuous innovations from the beginning
Achilladelis et al., 1990; Achilladelis, 1993; Andersen, 1999).

In the literature on innovation types, a more specific definition
f innovation types than discontinuity or incremental innovation
as evolved. Chandy and Tellis (1998), Sorescu et al. (2003), and
handy et al. (2006) distinguish innovations according to the nov-
lty of the underlying technology and the technology’s impact on
he market; incremental innovations rely on minor changes in the
echnology base and deliver low extra benefits to customers. In
ontrast, ceteris paribus a high level of customer benefits repre-
ents a market breakthrough. If, however, customer benefits are
ow but there is a novel technology base, then it is a technology
reakthrough. Radical innovations are based on both a novel tech-
ology base and substantial customer benefits (for an illustration,
ee Table 1).

.2. R&D in pharmaceuticals and biotechnology

The different phases of drug development and the creation
f innovations take place across various institutions nowadays.
niversities and public research institutes perform the bulk of
asic research for understanding the underlying principles of sub-
tances. Biotechnology firms engage in applied research, while
harmaceutical firms have focused their downstream capabili-
ies on further developing1 the methodologies and substances
ound, for instance, by universities or biotechnology firms towards

arketable drugs (see e.g. Achilladelis and Antonakis, 2001;
ambardella, 1995; Henderson et al., 1999; Grabowski and Vernon,
994). The fundament of this process is that the pharmaceutical

ndustry performs basic research on a moderate level to be able
o understand and absorb externally generated knowledge (Cohen
nd Levinthal, 1989; Cockburn and Henderson, 1996; Gambardella,
992; Rosenberg, 1990) and, in doing so, widely cooperates with
ublic labs (Gambardella, 1995, pp. 48–81) or biotechnology firms
which are a frequent acquisition target). In order to quickly
bsorb externally generated knowledge and convert it into prod-
cts, industrial researchers frequently work on topics similar to
heir colleagues in publicly funded labs (Hicks et al., 1996; Narin
nd Rozek, 1988). Pharmaceutical companies publish extensively
European Commission, 2003, pp. 310–311; Hicks, 1995; Koenig,
983) because their papers serve as tickets to (scientific) infor-

ation networks (Cockburn and Henderson, 1998; Hicks, 1995).

imultaneously, the freedom to publish as an employee within a
ompany attracts good scientists (Healey, 1978; Rubenstein, 1989,
p. 48–49) and is promoted by many firms (Zucker and Darby,

1 The differences between basic and applied research as well as development are
aid out in the OECD Frascati manual.
remental innovation Market breakthrough
hnological breakthrough Radical innovation

1997). As a consequence, those firms with a policy to publish are
more successful than others (Henderson and Cockburn, 1994).

Finally, about 80% of all pharmaceutical products and about
45% of all processes are patented (Arundel and Kabla, 1998).
Overall, patent protection is particularly effective in this industry
(Gambardella, 1995), playing an important role for preventing imi-
tation (Levin et al., 1987). Typically, patenting occurs when new
chemical and potentially useful compounds are synthesized, appli-
cations for them are identified, and manufacturing processes are
developed.

2.3. The roots of innovations

Narin et al. (1997), for instance, found that almost 80% of the
references from US patents in pharmaceuticals relate to science
published by public sector institutions. Mansfield (1991) observed
that about 20% of drugs could only be developed with substantial
help from recent academic research. So since many path-breaking
discoveries are made in publicly funded research labs, it seems
likely that the relevant knowledge to create radical innovations and
technological breakthroughs also stems from there, and external
public sources are the primary base for creating these two types of
innovations rather than internally generated knowledge.

Hypothesis 1. Radical innovations and technological break-
throughs build on more public sector knowledge than market
breakthroughs and incremental innovations.

As Rosenberg and Nelson (1994) remark, only about 60% of the
research conducted in the public sector is basic, while the rest is
more applied, and in some domains rather developmental work.
As discussed in Section 2.1, Dosi (1988), Ayres (1988) and Godoe
(2000) remark that the beginning of a technological trajectory is
frequently triggered by science-based discoveries. Science can be
applied, but also basic, exploring the fundaments of discoveries and
phenomena, which are pivotal for many applied tasks. These more
applied tasks often already take place in line with incremental tech-
nical change on the technological trajectory, and they may lead
to incremental innovations. So not all research conducted in the
public sector appears to be of equal importance to radical innova-
tions and technological breakthroughs; basic research appears to
be of particularly high relevance. These arguments lead to the next
hypothesis:

Hypothesis 2. Radical innovations and technological break-
throughs build on more basic scientific knowledge than market
breakthroughs and incremental innovations.

Firms should absorb, process, and further develop such outside-
generated basic scientific knowledge to create radical innovations
and technological breakthroughs. Kiernan (1991), for instance,
denotes that basic research alone, except in biotechnology, was sel-
dom the direct base for new drugs. This means that in particular,

incremental innovations and market breakthroughs, which repre-
sent the bulk of all drugs, should build on own prior scientific and
technical work to a much higher degree than the two former types
of innovations. In the light of these arguments and the previous
hypotheses it is proposed:
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Fig. 1. Schematic view of the new drug development process in the pharmaceutical industry (source: Mathieu, 2005, p. 162, modified with data from PhRMA, 2007). *: 20–100
volunteers).

Table 2
Overview about studies investigating lag structures between research, development, and product introduction.

Source Scope of research Points of reference Results

Cockburn and Henderson (1996) Sample of 15 drugs, missing values Key enabling discovery, synthesis
of major compound,
commercialization

First phase: 22 years, second
phase: 8 years, in total: 28 years

Comanor and Scherer (1969) Patents from 57 US pharmaceutical
companies from 1955 to 1960

Patent priority, commercialization Three years

DiMasi (2001) New Chemical and
Biopharmaceutical Entities
approved by the FDA between
1963 and 1999

FDA approval date, further
information from surveys not
specified

On average, about 14 years from
synthesis to market approval in the
1980s and 1990s

Chandy et al. (2006) 603 FDA-approved drugs Patent filing to FDA approval 9.6 years
Achilladelis and Antonakis (2001) Radical innovations in

pharmaceuticals
Start of R&D to commercialization 8–10 years

Mansfield (1991) Patents from 76 US companies,
including 6 pharmaceutical

Research results,
commercialization

7 years, but 9–10 in
pharmaceuticals

H
t
m

2

g
i
g

T
O

R
i

companies
Data from 1975 to 1985

Mansfield (1998) Same as above

ypothesis 3. Radical innovations and technological break-
hroughs build on less own prior scientific and technical work than

arket breakthroughs and incremental innovations.

.4. Drug lifecycle management
If a drug finally has been developed, firms apply different strate-
ies for the further development and protection of pharmaceutical
nnovations in order to prevent imitation by competitors such as
eneric drug makers. These practices are known as drug lifecycle

able 3
verview of hypotheses.

H# Explanation

H1 RIs and TBs build on more public sector knowledge than MBs and IIs.
H2 RIs and TBs build on more basic scientific knowledge than MBs and IIs.
H3 RIs and TBs build on less own prior scientific and technical work than

MBs and IIs.
H4 The stream of papers following the basic patent and published by the

same firm is primarily clinical.
H5 RIs lead to more subsequent patent filings by the same firm than in the

case of the other types of innovations.
H6 Drug lifecycle activities such as further patenting and publishing of

scientific papers occur when the likelihood is high that the drug will
contribute to firm success.

H7 Additional drug patents are filed earlier for RIs and MBs.

I: radical innovation; TB: technology breakthrough; MB: market breakthrough; II:
ncremental innovation.
Research results,
commercialization

5–6 years, but 6–8 in
pharmaceuticals

management or ‘evergreening’. According to Howard (2007),
a number of consecutive patents for new combinations, uses,
formulations, manufacturing processes, or molecules follow the
original (basic) patent. They aim not only to reduce manufacturing
costs but also to extend the area of application of the drug or to
improve its current state in order to offer patients a migration
path to ‘better’ medicines. However, not all evergreening activities
aim to achieve a benefit over generic competitors. As Chong and
Sullivan (2007) observe, already approved drugs (or drugs that
had failed in later clinical studies for certain indications) are a
valuable search field for new applications: since clinical studies

already exist, the drug development process can be not only much
cheaper but also faster, which offers a substantial benefit for both
drug makers and patients.

The stream of additional patents is accompanied by various
papers, reporting novel applications of the drug in fundamental

Table 4
Types of innovations according to the FDA drug status.

Therapeutic potential

Standard
review

Priority review

Chemical
composition

Update Incremental
innovation

Market breakthrough

NME Technological
breakthrough

Radical innovation

Source: Sorescu et al. (2003, p. 88).
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Table 5
Data and its sources.

Data Source

Drug names, chemical composition, therapeutic potential, approval date FDA website
Basic patent data, Year and country of market introduction, chemical abstracts (CA)

reference number, drug owner/licenseea
Pharmaprojects database

Bibliographic data of patents and publications including patent priority data Chemical Abstracts (CA)
Patent family data Derwent World Patents Index database
Inventor and assignee data, inventor backward references to patents and papersb Esp@cenet and PATONline databases
‘Basicness’ of journals CHI Research/ipIQ Journal classification
Inventor/author data including affiliation Web of Science, Scopus, various publishers online archives
Publishing data of business and industry news PHARMAMarketletter database
Financial data Yahoo Finance

arkets
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patent references cited within the basic patents was assigned to
two categories. The first category, the public sector, comprises all
universities, medical schools, private non-profit research institutes,
and hospitals, but also institutions like the National Institute of
a Licensee data was also included since many drugs are out-licensed for certain m
b Inventors’ references stemming from full-text documents better reflect spillove

t al., 2000).

esearch. However, pharmaceutical firms have to deliver results
rom various clinical studies in order to achieve market approval
n several countries. According to Fig. 1, the spectrum of stud-
es a firm has to conduct for achieving market approval is quite
road. It therefore seems likely that most of the papers deal with
linical studies for authorities in a variety of countries that reflect
easures to show safety and efficacy of the drug or even further

mprovements of it. Therefore it is proposed:

ypothesis 4. The stream of papers following the basic patent
nd published by the same firm is primarily clinical.

Since radical innovations are more valuable than the other types
f innovations (Sorescu et al., 2003), it is assumed that, in the con-
ext of drug lifecycle management, firms should be eager to apply
or more additional patents than in the case of the other types of
nnovations in order to, first, expand protection legally by creat-
ng patent fences and, second, fully exploit the technological and

arket potential of newly found and approved substances:

ypothesis 5. Radical innovations lead to more subsequent
atent filings by the same firm than in the case of the other types
f innovations.

In pharmaceuticals, the path from basic research towards mar-
etable drugs is standardized, starting with the synthesis of the
ompound, various clinical studies representing feedback loops for
he actual development process, and – last but not least – market
pproval. The path is long-lasting (see Table 2 for empirical studies
n the time-lag between compound synthesis and commercial-
zation such as market approval) and associated with substantial
isk ex ante regarding the commercially relevant output of R&D
ctivities, where only a small fraction of all synthesized com-
ounds finally enters the market. Fig. 1 exemplifies this process
ith various characteristics for the United States Food and Drug
dministration (FDA).

The high level of uncertainty regarding the success of develop-
ental projects would make it extremely costly for firms to employ

rug lifecycle management activities early on. Instead, they should
tart when the likelihood is relatively high that a drug will finally be
arketed. According to the studies in Table 2, market introduction

f a drug takes place about 8–14 years after compound synthesis.
This finally leads to the following hypothesis:

ypothesis 6. Drug lifecycle activities such as further patenting
nd publishing of scientific papers occur when the likelihood is high
hat the drug will contribute to firm success.
The possible importance of a drug can be recognized relatively
arly during the development stage of a drug when first clinical
tudies indicate a high benefit for patients (see e.g. Katzenstein and
rossman, 2001). However, during ongoing clinical trials the drug
ay show adverse side effects which may finally prevent its mar-
, while information from licensees may have an impact on licensors market success.
n examiner citations frequently found in patent databases (Jaffe et al., 2000; Tijssen

ket introduction. Nevertheless, if high benefits for patients are in
sight, firms may already start their lifecycle management activi-
ties early, taking greater risks while envisioning greater chances.
In other cases with low extra benefits of the drug, early lifecycle
management activities may be appropriate when the risk of failure
is lower and, ceteris paribus, market introduction is more likely to
take place. The hypotheses derived in this section are summarized
in Table 3.

Hypothesis 7. Additional drug patents are filed earlier for radical
innovations and market breakthroughs.

3. Methodology

The focus of my analysis lies on drugs approved for the United
States, the world’s largest market for pharmaceutical products (BPI,
2004).

3.1. Differentiating innovations

Drugs are distinguished in this paper into radical innovations,
technological breakthroughs, market breakthroughs and incre-
mental innovation as was done by Sorescu et al. (2003) or Chandy et
al. (2006). The differentiation relies on practices by the FDA for clas-
sifying drugs according to the novelty of their chemical substance
(i.e. new chemical or molecular entities (NMEs) vs. updates, i.e.
substances that already have been under review by the authority)
and therapeutic potential which determines review speed (prior-
ity review for drugs fulfilling a high medical need vs. standard
review). NMEs with priority review are defined as radical innova-
tions, NMEs with standard review as technological breakthroughs,
updates with priority review as market breakthroughs, and updates
with standard review as incremental innovations. See Table 4 for
an overview.2

3.2. Retrieval and computation of data

For testing the hypotheses, bibliometric data of both papers and
patents is employed, reflecting both scientific and technical devel-
opments. Table 5 briefly summarizes which data were analysed and
where they were obtained from.

For evaluating hypothesis 1, the origin of the patent and non-
2 Employing this scheme for differentiating between different types of innovation
also received criticism since in practice the benefits from priority reviewed drugs
are not necessarily higher than from standard review drugs (Cohen, 2005).
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ealth or the National Cancer Institute. Private firms constitute the
econd category.

The knowledge base of the innovations was checked via back-
ard references to patents and papers found in the drugs’ basic
atents, while the scientific base of an innovation was characterised
y the nature of its nonpatent references. Here, only scientific arti-
les were taken into account: no books, manuals, etc. The ‘basicness’
f the articles (hypothesis 2) was assessed by means of the CHI
esearch/ipIQ journal classification (Narin, 1976; Narin et al., 1976),
elying on the type of journal where the article is published. The
our-levels of the classification range from clinical observation (level
) to clinical mix, clinical investigation, and basic research (level 4),
nd the share of articles from the last category was calculated.

In order to test H3, both applicants and inventors of the basic
atents were compared to those authors and inventors mentioned

n the patents and publications cited therein, and the share of self-
eferences was then calculated.

Time-lags were computed via the priority date of patents and
he publishing date of papers, where for the latter the entry date
nto the database was used as a proxy.3 In either case, the priority
ate of the basic patent served as a baseline since it represents a
roxy for the point in time when the important synthesis of the
ompound took place.

To assess hypothesis 6, the time-lag between developmental
ctivities and commercialization of the basic patent was computed
n order to compare it to further patenting and publishing activities.
or confirming H6, the development-commercialization lag should
ome close to the peak of overall patenting and publishing activi-
ies. Commercialization was measured by an event-study approach.
hree different indicators were chosen here: sales growth, impact
n market value (as expressed by changes of Tobin’s q), and
DA market approval. All three are widely employed to measure
rm success (e.g. Baum and Wally, 2003; Desarbo et al., 2005;
iklund and Shepherd, 2003; Lang and Stulz, 1994; Tanriverdi

nd Venkatraman, 2005; Wernerfelt and Montgomery, 1988) or the
mpact of new product introductions (Sorescu et al., 2003).

For a sales signal, the product launch had to have occurred
ithin the triad region (North America, Europe, and Japan), which
as accountable for 75–90% of the world market sales throughout

he observation period (BPI, 2004; Reiß et al., 1997, p. 13). There-
ore, the year for the sales signal was chosen when the drug was
aunched either in the United States, Japan or two countries out of
he following four: France, Germany, Italy, and the United Kingdom,
he world’s largest pharmaceutical markets (VFA, 2006).

Tobin’s q, in contrast, is continuously influenced over time
ince any information with potential impact on firm value is rep-
esented immediately in the firm’s stock price according to the
fficient market hypothesis (Fama, 1970, 1991). To assess this
tream of information, all potential information on a drug published
n business and industry-news related publications stemming
rom the PHARMAMarketLetter database were tracked, comprising
nformation from press releases, health care journals, interviews,
onferences, etc., from 1992 to the present.4 More specifically,

hanges in the stock price over a three-day time window were com-
uted, from one day prior to the publication of the press release,
tc., to two days thereafter, as was used by Francis et al. (1992)
nd Sorescu et al. (2003). This data was adjusted for the expected

3 The Chemical Abstracts database is updated on a weekly basis, so a bias here
eems to be negligible.

4 Publishing dates of papers and patent granting dates were not directly taken into
ccount. However, publicly traded firms are obliged to publish relevant information
ith impact on business activities, such as news on the outcome of approvals by

everal drug approval authorities, coupled with news on the outcome of clinical
rails. Important patents and papers should therefore be cited in press releases, etc.
nd on this way appear in the business and industry literature. Ta
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Table 7
Hypotheses tests H2 basicness of scientific knowledge (share of nonpatent references that are basic research according to ipIQ/CHI Research Journal Classification).

Type of innovation Basicness of RNPL

N Mean Std.-dev. p (Two-tailed
T-test)

F-value Significance of difference
(Scheffé-test, p-values)

(b) (c) (d)

Radical innovations + technological
breakthroughs

36 0.547 0.356 0.006 – –

Market breakthroughs + incremental
innovations

13 0.229 0.285 – –

(a) Radical innovations 15 0.651 0.339 – 3.636 0.494 0.318 0.033
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(b) Technological breakthroughs 21 0.473 0.357
(c) Market breakthroughs 3 0.244 0.423
(d) Incremental innovations 10 0.225 0.262
Sample size N = 49 (Zero-values and missing d

tock market return, i.e. general stock movements of the Dow Jones
ndustrial Average Index, the leading stock market index in the

orld. The absolute value of these changes was subsequently cal-
ulated, since the goal was to measure the points in time when the
ighest impact on Tobin’s q can be expected. These data were used

or weighting the events with the sum of the absolute values per
ear, yielding a weighted impact index.

In order to elicit differences among the four types of drugs, anal-
sis of variance with a post hoc Scheffé-test was performed for all
rugs. For those cases where multiple events per drug (such as var-

ous journal publications per drug) were obtained, the distribution
f events based on all events of all drugs were computed, not only
ased on mean values per drug.

. The sample

For the years 1999–2004, the FDA-approved, in total, 154 NMEs
including 28 orphan drugs), and 306 updates (including eleven
rphan drugs). All orphan drugs which only target a small popula-
ion and, therefore, are financially only of limited importance for
company were excluded, even though the FDA grants extended
onopoly rights in exchange for marketing such a drug. In the

ext step, this dataset was narrowed by about 50% when exclud-
ng all drugs where no stock quotes were available, e.g. because
he firms were privately held or due to mergers and acquisitions
hat led to a delisting of the company. The timeframe for prod-
ct launches was set to 1990–mid 2007.5 Drugs that were both
pproved between 1999 and 2004 as updates and NMEs due to
roduct lifecycle management activities were excluded, as well as
ll with missing data. As a result, 64 drugs with complete data
ould be identified: 21 updates and 43 NMEs. According to the def-
nition of Sorescu et al. (2003), the sample comprises 17 radical
nnovations, 26 technological breakthroughs, three market break-
hroughs, and 18 incremental innovations. Since the numbers per
lass of innovations are, in some cases, relatively small, tests were
onducted for two groups of innovations, namely radical innova-
ions and technological breakthroughs on the one hand, and market
reakthroughs and incremental innovations on the other, as the
ypotheses have been formulated.

. Results and discussion
.1. Roots of innovations

In H1 it was proposed that radical innovations and technological
reakthroughs build on more public sector knowledge than market

5 Going back further than 1999 here means that drugs may also have been
aunched in other countries than the US prior to the approval by the FDA.
– (0.020) 0.753 0.313
– 1.000
–

cluded)

breakthroughs and incremental innovations do. Even though the
data shows that there is such a difference, this hypothesis can be
rejected because the results are not significant; neither between the
two aggregated groups of innovations nor between the four single
types (see Table 6). This holds true for both scientific and technical
knowledge (i.e. incorporated in papers and patents respectively).
Public sector knowledge therefore seems to be equally important
for all of them. Remarkably, more than two thirds of all papers cited
within the patents come from the public sector, while this is the
case for less than 10% of all patents (as indicated by the mean values
in Table 6).

It was postulated in H2 that radical innovations and techno-
logical breakthroughs build on more basic scientific knowledge.
In Table 7 the results are presented, indicating that the scientific
research cited within the basic patents is more basic for the first
group of innovations, confirming the hypothesis. This underlines
that many radical innovations build on scientific paradigms (which
are certainly basic science-oriented) as proposed by Dosi (1988).
The more detailed analysis of the four different types of innova-
tions suggests that the difference is only significant between radical
innovations and incremental ones. This highlights the importance
of basic research for drugs that turn out to be cornerstones of the
pharmaceutical industry.

The own prior knowledge base was a further issue in this inves-
tigation. According to H3, it was postulated that radical innovations
and technological breakthroughs build less on own prior scientific
and technical work than market breakthroughs and incremental
innovations. Table 8 reveals that for scientific knowledge (papers),
the relationship is inverse, but not statistically significant. With
respect to technical work (patents), the expected relationship is
found, but the results lack significance as well. So hypothesis 3 has
to be rejected.

The data sample was rather small, which may be the reason
that no significant results could be obtained for H1 and H3. To con-
duct robustness checks, the sample was expanded by adding data
on 44 randomly selected drugs from the same time period that
were registered at the FDA by firms for which no financial data
was available, and my hypotheses so far were re-tested. The results
(not shown) change in two cases. First, radical innovations build on
a significantly higher degree (p < 0.1) on publicly available techni-
cal knowledge than do technological breakthroughs. The latter rely
on much less technical knowledge than the four other groups. It
was checked whether they simply comprise more patent references
than the other groups, so that a similar absolute number of public
references as the other innovation types would yield a much lower

relative value here, but this is not the case. Interpreting the over-
all findings for knowledge stemming from the public sector (equal
importance of scientific knowledge, more importance of technical
knowledge for radical innovations) in the light of the results from
H2 (i.e. radical innovations are based on significantly more basic
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Table 9
Distribution of the articles across different journal types according to the CHI
Research/ipIQ journal classification.

Level Description Number of journals Number of articles

1 Clinical observation 29 (10%) 70 (6%)
2 Clinical mix 72 (24%) 333 (28%)
3 Clinical investigation 125 (42%) 614 (53%)
4 Fundamental research 75 (25%) 152 (13%)

Table 10
Distribution of the articles of the different types of drugs across different journal
types according to the CHI Research/ipIQ journal classification.

Type of innovation CHI research/ipIQ journal classification
level

1 2 3 4

Radical innovations (NME—priority
review)

5% 30% 46% 19%

Technological breakthroughs
(NME—standard review)

8% 27% 53% 12%

Market breakthroughs 5% 30% 49% 15%

(updates—priority review)

Incremental innovations
(updates—standard review)

8% 32% 49% 11%

research), ceteris paribus more applied scientific research from the
public sector seems to be relevant for the other types of innovations.
The phenomenon of technical knowledge observed here deserves
attention in future research. Since patents in pharmaceuticals are
very science-based, the boundaries between scientific and techni-
cal knowledge may be blurry, and the results relating to patent
references may be an artefact of the measurement instruments
here.

The second finding in the robustness check is that radical
innovations and technological breakthroughs build significantly
more on own prior scientific work than market breakthroughs and
incremental innovations do (p < 0.05). So it becomes obvious that
absorptive capacity, rooted in own research activities, is much more
important for creating radical innovations than for other types
of innovations. Therefore pharmaceutical firms that cut internal
research activities run the risk of losing their abilities to come up
with radical innovations that might turn into blockbuster drugs in
the future.

5.2. Publishing and patenting activities over the course of time

It was hypothesized in H4 that the stream of papers follow-
ing the basic patent and published by the same firm is primarily
clinical. In total, about 400 different journals were identified, rep-
resenting about 1400 articles. The CHI Research/ipIQ classification
covered about 75% of these journals, and 84% of all articles.6 The
results can be found in Table 9. It becomes obvious that more
than 80% of all articles relate, in fact, to clinical research, with
a strong emphasis on clinical investigation. So hypothesis 4 can
be confirmed. Additionally, the results from Table 9 were tabu-
lated against the different types of innovations (see Table 10). Here,
descriptive statistics suggest that particularly radical innovations
tend to lead to basic research activities to a higher degree than other
innovations do.
Hypothesis 5 proposed that radical innovations lead to more
subsequent patent filings by the firm that developed/marketed that
drug than in the case of other types of innovations. The results,
which corroborate hypothesis 5, can be found in Table 11. While

6 One third of the missing articles appeared in foreign-language journals not
classified by CHI Research/ipIQ.
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Table 11
Hypotheses tests H5—additional patent applications.

Type of innovation Additional patents

N Mean Std.-dev. p (Two-tailed T-test) F-value Significance of difference
(Scheffé-test, p-values)

(b) (c) (d)

Radical innovations 17 16.64 13.02 0.095 – –
Other types of innovations 47 25.28 27.36 – –
Radical innovations + technological breakthroughs 43 14.84 14.64 0.002 – –
Market breakthroughs + incremental innovations 21 39.67 31.92 – –
(a) Radical innovations 17 16.65 13.02 – 7.175 0.978 0.029 0.071

5.74
1.93
3.28

r
t
t
f
t

T
D

*

T
D

(b) Technological breakthroughs 26 13.65 1
(c) Market breakthroughs 3 58.67 1
(d) Incremental innovations 18 36.50 3
Sample size N = 64

adical innovations lead to about 17 subsequent patent filings,

here are, on average, 25 other patent filings for the other three
ypes of drugs. The same holds true for differentiating the results
urther. It was assumed that the data may be biased here: since
he search was conducted on documents based on the Chemi-

able 12
escriptive statistics for time differences [in years].

Total ob

Market introduction (per drug data) 64
Tobin’s q: Business news. Weighted with change in stock price (total news) 3441
Tobin’s q: Business news (unweighted) (total news) 3441
FDA approval year (per drug data) 64

Negative values occur in five cases in the sample, relating to news on these drugs publis

able 13
escriptive statistics for time differences [in years] and ANOVA results.

Type of innovation Total
observations

Number
of drugs

Market introduction (per
drug data)

(a) Radical
innovations

17 17

(b) Technological
breakthroughs

26 26

(c) Market
breakthroughs

3 3

(d) Incremental
innovations

18 18

Business news. weighted
with change in stock
price (total news)

(a) Radical
innovations

30.35 17

(b) Technological
breakthroughs

31.55 25

(c) Market
breakthroughs

6.67 3

(d) Incremental
innovations

27.92 18

Business news
(unweighted) (total
news)

(a) Radical
innovations

893 17

(b) Technological
breakthroughs

1158 25

(c) Market
breakthroughs

340 3

(d) Incremental
innovations

1050 18

FDA approval year (per
drug data)

(a) Radical
innovations

17 17

(b) Technological
breakthroughs

26 26

(c) Market
breakthroughs

3 3

(d) Incremental
innovations

18 18
– (0.000) 0.013 0.012
– 0.446
–

cal Abstracts registry number, the results for those innovations

relying on updates (i.e. incremental innovations and market break-
throughs) may contain data from NMEs as well. The differentiation
on the basis of NMEs (radical innovations and technological break-
throughs) should, however, be unbiased in this case. Still, no

servations Number of drugs Mean Median Std.-dev. Min Max

64 10.89 10 5.02 0 23
63 11.74 11 5.78 −3 34
63 12.17 12 5.66 −3 34
64 12.61 12 6.87 0 30

hed before the priority date of the basic patent.

Observations
per drug

F-value
(p-value)

Mean Std.-dev. Significance of difference
(Scheffé-test, p-values)

(b) (c) (d)

– 1.363 11.53 4.06 0.999 0.492 0.781

– (0.263) 11.73 4.57 0.432 0.652

– 6.67 2.08 0.800

– 9.78 6.37

1.79 2.023 12.21 4.24 0.623 0.690 0.874

1.26 (0.116) 10.29 4.89 0.981 0.212

2.22 9.26 4.83 0.408

1.55 13.46 7.71

52.5 50.443 11.95 4.35 0.637 0.000 0.000

46.3 (0.000) 11.63 5.02 0.000 0.000

113.3 9.88 4.29 0.000

58.3 13.71 7.13

– 1.281 12.23 4.96 0.989 0.927 0.672

– (0.289) 11.50 5.75 0.965 0.403

– 9.33 3.79 0.609

– 15.11 9.55
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Table 14
Descriptive statistics for time differences [in years].

Total observations Number of drugs Mean Median Std.-dev. Min Max

Further related patent applications (total patents) 1471 64 10.99 10 7.01 −21 31
Journal publications (as contained in Chemical

Abstracts) (total journal publications)
1208 61 12.15 12 6.62 −4 32

*There were 7 cases where patents from the CA database appeared before the priority date of the basic patent (thus leading to negative minimum values), and 6 cases were
this happened with papers from CA.

Table 15
Hypothesis tests H7—descriptive statistics for time differences [in years] and ANOVA results.

Type of
innovation

Total
observations

Number of
drugs

Observations
per drug

F-value
(p-value)

Mean Std.-dev. Significance of difference
(Scheffé-test, p-values)

(b) (c) (d)

Further related patent
applications (total
patents)

(a) Radical
innovations

283 17 16.6 21.159 9.42 5.63 0.000 0.306 0.000

(b) Technological
breakthroughs

355 26 13.7 (0.000) 11.77 6.05 0.000 0.964

(c) Market
breakthroughs

176 3 58.7 8.16 4.69 0.000

(d) Incremental
innovations

657 18 36.5 12.01 8.15

Journal publications (as
contained in Chemical
Abstracts) (total
journal publications)

(a) Radical
innovations

305 16 19.1 45.516 12.10 4.75 0.001 0.000 0.841

(b) Technological
breakthroughs

335 25 13.4 (0.000) 14.19 7.01 0.000 0.006
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(c) Market
breakthroughs

173 3

(d) Incremental
innovations

395 17

ignificant difference was found. Pharmaceutical firms therefore
eem to apply similar lifecycle management strategies for all major
rugs.

For determining H6, first the lag structure between basic patent
nd its commercialization was computed, starting with inspecting
he results from analysing the sales signal. According to Table 12,
here is an average time-lag of about 11 years, while the differ-
nt types of drugs do not vary significantly from each other here
see Table 13).7 For an effect on Tobin’s q, the distribution of drug-
elated news was first considered. On average, they appear about
2 years after the basic patents’ priority date, and the time is
lightly shorter for NMEs. News related to standard-review updates
re published after significantly more time, while priority-review
pdates appeared after significantly less time. The weighted data, in
ontrast, yields a mean value of 11.74 years, with no significant dif-

erence between the types of drugs.8 Finally, FDA approval occurs,
n average, 12.61 years thereafter, and there was no significant dif-
erence in the lag structure between the various types of drugs. So

y previous results appear to be quite robust.9

7 Since drugs usually do not receive peak sales already in the first year on the mar-
et, a stronger sales signal can certainly be expected two or three years afterwards
for statistics on the development of drug sales, see Grabowski and Vernon, 1990).

8 The data used for measuring the impact on Tobin’s q, however, is biased three-
old: first, due to the many mergers and acquisitions, complete stock price data
ould only be obtained for about 83% of all drugs. For the remaining ones, data was
btained for, on average, 80% of all news events. Second, the PHARMAMarketLetter
atabase comprises information from 1992 onwards; only 40% of the basic patents
ere filed thereafter. So were the missing data included, the peak would instead

hift towards shorter lags. But third, the dataset is also biased towards drug-related
ews that will occur in the future since many drugs are still on the market.
9 For a discussion on the magnitude of the impact on Tobin’s q, please see
ppendix A.
7.7 7.38 5.42 0.000

3.2 12.54 6.98

To assess H6 and H7, I next compare these lags to further
patenting and publishing activities. According to Table 14, addi-
tional patent applications appear, on average, 11 years after the
basic patent, and additional papers for radical innovations are
published, on average, after 12 years. Finally, both activities peak
when commercialization is in sight, confirming H6. While addi-
tional patents for radical innovations and market breakthroughs are
filed significantly earlier than for technological breakthroughs and
incremental innovations (see Table 15), I checked the same for pub-
lications, and found that additional papers for radical innovations
are published, on average, 12 years after the basic patent, which is
significantly earlier than in the case of technological breakthroughs.
So these findings support H7, confirming that applicants seek to add
additional patent applications timely for drugs with a high mar-
ket potential. Firms therefore seem to differentiate their lifecycle
strategies not by the amount of additional patents but rather by the
speed of their application.

The confirmation of the lag in the order of 11–12 years
between compound synthesis and its commercialization also has
implications for empirical research on technological capabilities,
knowledge stocks, and other aspects in strategic management the-
ories that are widely operationalised by bibliometric indicators
such as publication and patent counts. For instance, De Carolis
(2003), Hirschey and Richardson (2004), Schoenecker and Swanson
(2002) employed relatively short time lags in the order of 0–3
years between patenting activities and firm success. The results
presented in this paper suggest that here the effect of additional

patenting activities was primarily captured. In order to fully assess
the impact of patenting activities on firm success in pharmaceuti-
cals, including important basic patents, the long lag structures in
this industry suggest employing either lags on the order of the mean
plus one standard deviation, yielding a timeframe of about 16–19
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Table 16
Summary of Hypotheses and results.

H# Explanation Results Interpretation

H1 RIs and TBs build on more public sector
knowledge than MBs and IIs.

Rejected. RIs build only significantly more on
technical public sector knowledge than do TBs.

Public science triggers the development of RIs.

H2 RIs and TBs build on more basic scientific
knowledge than MBs and IIs.

Partially confirmed. Comparing the four
innovation types, RIs are based significantly
more on basic science than IIs.

Basic science is pivotal for RIs.

H3 RIs and TBs build on less own prior scientific
and technical work than MBs and IIs.

Rejected. RIs and TBs build on more own prior
scientific work than MBs and IIs.

Own scientific work is necessary to a) possess
the absorptive capacity to benefit from public
science and b) convert this knowledge by own
scientific activities into RIs.

H4 The stream of papers following the basic
patent and published by the same firm is
primarily clinical.

Confirmed Firms predominantly seek new applications for
their innovations once they have developed
them, Further fundamental investigations on
them are rare.

H5 RIs lead to more subsequent patent filings by
the same firm than in the case of the other
types of innovations.

Rejected RIs are protected by fewer additional
patents than other types of innovations.

Data relating to MBs and IIs may be biased. If
solely comparing RIs and TBs, there is no
significant difference. So the amount of
additional patents does not seem to be a
differentiation criterion.

H6 Drug lifecycle activities such as further
patenting and publishing of scientific papers
occur when the likelihood is high that the drug
will contribute to firm success.

Confirmed. Both patenting and publishing
activities peak around the time when market
introduction takes place.

Firms start to devote more resources to patent
protection and further developments of their
innovative products once market approval is in
sight.

H7 Additional drug patents are filed earlier for RIs
and MBs.

Confirmed. Additional patents for RIs and MBs
are filed significantly earlier.

Firms prioritize their resources in a way that
they file additional patents earlier in cases
where they expect a fast market entry.

Additional papers are published significantly
pers f
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earliest.

I: radical innovation; TB: technology breakthrough; MB: market breakthrough; II:

ears, or the calculation of patent stocks, which were, for instance,
sed by DeCarolis and Deeds (1999), Hall et al. (2004) and Klavans
nd Deeds (1997). Table 16 summarises the hypotheses.

. Conclusions and limitations

This study investigated the pharmaceutical industry which is,
uch more than other industries, dependent on scientific advances

s well as work done in the public sector. Such work, particularly
f scientific kind, is equally important for all types of drug inno-
ations. Looking at the basicness of the scientific research it was
ncovered that radical innovations here build on more basic scien-
ific knowledge than do incremental innovations, confirming that
ew technological trajectories are rooted in scientific discoveries
s described by Dosi (1982). Radical innovations and technologi-
al breakthroughs build on prior own scientific work to a higher
egree than do market breakthroughs or incremental innovations,
ut this does not hold true for own prior technical work, i.e. own
atents serving as the basis for new drugs. So absorbing externally
enerated knowledge works quite well within pharmaceutical
rms, and conducting own scientific research is instrumental in
his industry for generating radical innovations and technological
reakthroughs. As Tijssen (2004) found, the level of basic research
temming from industry has been declining in recent years. This
ay also have an impact on bringing radical innovations onto the
arket in the future.
The time-lag between filing a basic patent on a compound and

ts commercialization as a drug is, at 11–12 years, on the order of
hat other studies have found before. It was shown that additional
atent filings as well as publishing activities of firms occur at about
he same time, so firms foster their developmental activities once

arketing of the drug is about to start. The stream of papers fol-

owing the basic patents consists of about 19 papers on average
nd is primarily clinical. On average, 23 additional patents are filed
er basic patent over time, which may, to some degree, contribute
owards a patent thicket around the basic patent. There is no signifi-
ant difference in the number of these additional patents among the
or MBs are published the

mental innovation.

different types of innovations, but those relating to radical innova-
tions and market breakthroughs are filed significantly earlier. This
may imply that firms speed up their development process in the
light of high expectations regarding market success. After all, these
findings help us better understand the drug development process
in the pharmaceutical industry, particularly knowledge generation
and protection.

The results encounter the typical limitations with respect to
the use of bibliometric data and stock market-related informa-
tion for event studies as described, for instance, by Chaney et al.
(1991). Another limitation is that drugs which failed in clinical trials
for which no information was available were excluded. One could
assume that inventions of drugs which failed in the approval pro-
cess would deliver interesting insights for theories on innovation
as well. However, per definitionem, these are solely inventions, not
innovations, since they cannot be marketed (Schumpeter, 1939;
Freeman and Soete, 1997). Future research should address other
industries as well. As they are less science-dependent than phar-
maceuticals, one could assume that the importance of basic science
as a source of radical innovations might be lower there. Instead,
one would expect a higher importance of more applied research in
other industries. Future studies could also dive further into the def-
inition of basic research, which can be differentiated into pure and
use-inspired basic research according to Stokes (1997), a differen-
tiation which cannot be made with the ipIQ/CHI research journal
classification which was employed as a measurement instrument
here. A hypothesis to be tested in this context may be that pharma-
ceutical firms tend to conduct use-inspired basic research in the
sense of Stokes (1997). The effects of creating patent thickets or
clusters for single drugs could also be worth more thorough inves-
tigation, but also integrating information from journal articles in
order to investigate the nature of R&D races.
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Table A1
Approval date: impact on stock price change.

Observations Mean Std.-dev. Min Max

Positive changes at approval date 29 +3.75% 3.4% +0.1% +14.9%
Negative changes at approval date 34 −3.85% 4.4% −20.1% −0.2%
Average change (positive and negative values) 63 −0.35% 5.5% −20.1% +14.9%
Average change (absolute value) 63 +3.8% 4.0% +0.1% +20.1%

N = 63.

Table B1
Change at approval date vs. change at other events.

Mean Std.-dev. Min Max
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ppendix A. The impact of FDA approval on stock
erformance

While computing the impact of FDA approval on market value
f the firm, it was found that, even though previous studies cited in
he methodology section of this paper demonstrated the contrary,
n more than 50% of all cases the stock price dropped at the approval
ate, while the average change is negative (see Table A1). Obviously,

n a substantial amount of cases the FDA narrowed the scope of field
f application for the drug contrary to investor expectations.

Relative to other stock price changes, the absolute value of the
hanges at the approval date is 30% higher than the mean change
ver the whole observation period (see Table B1), so the approval
ate can, indeed, be considered as an important date for impact on
arket value. Nevertheless, the absolute value of the stock price

hange at the FDA approval date reaches only 35% of the highest
hange in the observation period, implying that there is a substan-
ial amount of information with higher importance than the actual
pproval. Since weighting the different news events with stock
rice-change data yielded a shorter time-lag, obviously important

nformation is released relatively early, such as reports on clinical
tudies, describing the therapeutic potential of the corresponding
rugs. Because the results here should have a high impact on the

ikelihood of FDA approval, parts of the changes in market value
ake place prior to the actual approval date.
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