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Abstract

To date, there has been little agreement in the literature on what exactly constitutes radi-
cal drug innovation and how to properly measure this important construct. Without a vali-
dated measure, our ability to understand radical drug innovations, explain their origins, and
demonstrate their implications for management and health policy is limited. This paper
addresses the problem of radical drug innovation measurement, provides evidence of the
limitations associated with the current state of the art, and offers a new method based on
German health technology assessments (HTA). Data was obtained for 147 drugs author-
ized by the European Medicines Agency from 2011 to 2016. The innovativeness of these
drugs was assessed using current measures of radical drug innovation compared with the
newly developed measure. Findings indicate that current measures of radical drug innova-
tion are associated with very inconsistent outcomes and do not appear to measure what
they purport to measure. This study argues that assessing therapeutic value (as measured
by the German HTA) is particularly important, given that drug novelty alone does not con-
clusively indicate whether a drug will deliver therapeutic value.

Keywords Radical innovation - Measurement - Health technology assessment -
Pharmaceuticals

Introduction
A large and growing body of literature focuses on the antecedents, processes, and

impacts of radical innovation within a range of environments. More than 170 scholarly
papers with the term radical innovation' in the title were published in the short period

irLo1 ! Throughout this paper, the term radical innovation is used to describe rare and high-impact innovations,
1FLozwhich provide competitive advantages to firms (Tushman and Anderson 1986). Other terms that are syn-

1FLO3

onymous with radical innovation are breakthrough, major, and revolutionary innovations (Danneels and

LK Ieinschmidt 2001).
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from January 2017 to January 2019 alone in journals such as Research Policy, Journal
of Knowledge Management, Academy of Management Proceedings, European Journal
of Innovation Management, Journal of Organizational Change, and Public Management
Review. This suggests that radical innovations are a central and popular topic across a
variety of fields such as organization studies, management science, and public policy
(Fagerberg et al. 2005; Gopalakrishnan and Damanpour 1997; Hagedoorn and Cloodt
2003; Jiménez-Jimenez et al. 2008; Sorescu et al. 2003).

Studies on the topic of radical innovation have been carried out without full consid-
eration or rigorous testing with regard to the definition and measurement of this critical
concept. Indeed, it is challenging to define an innovation’s radicalness because it is a
theoretical construct, or an “unobservable property of objective reality” (Midgley and
Dowling 1978, p. 230). Because radical innovations are abstract and latent, rather than
concrete and directly observable, a careful definition and delineation of the construct is
required prior to deciding how to measure it. However, the extant literature is replete
with a diversity of definitions and, as a result, suffers notably from construct ambiguity.
Relatedly, far too little attention has been paid to the development and validation of a
standardized measurement of radical innovation. In fact, there is currently no commonly
accepted measure of radical innovation (Dahlin and Behrens 2005; Green et al. 1995;
Hagedoorn and Cloodt 2003; Verhoeven et al. 2016; Wang and Ahmed 2004).

One large stream of research uses a range of different methods to measure this con-
cept (e.g., surveys and retrospective coding by expert panels). However, many of these
methods rely on subjective inputs, which are prone to biases (Sorescu et al. 2003). In
order to combat this problem, innovation scholars have turned to large-scale quantitative
assessments in industries such as pharmaceuticals that presumably offer more objec-
tive assessments of radical innovations (Sorescu et al. 2003). We focus on the pharma-
ceutical industry, too, examining the concept of radical drug innovation, which is very
important from the perspective of public health and public health policy.

Research on radical drug innovation has highlighted strong links between radical
drug innovation and the success of pharmaceutical firms, as well as the importance of
drug innovation within public health policy (Dunlap-Hinkler et al. 2010; Sorescu et al.
2003). Pharmaceutical firms can make considerable profits when they discover, develop,
and commercialize new drugs and file patents to protect them (Arnold and Troyer
2016). Radical drug innovations can also improve significant public health issues and
address previously unmet medical needs, thus they are of particular interest to policy-
makers seeking to improve public health (Arnold and Troyer 2016). A notable exam-
ple of radical drug innovation is the first antibiotic Penicillin, which was discovered in
1928. Prior to Penicillin, infectious diseases such as pneumonia accounted for high mor-
bidity and mortality worldwide. Policymakers and healthcare payers want to give fund-
ing priority to truly innovative drugs that address previously unmet medical needs, and
to deprioritize funding of new drugs that have little to no additional therapeutic value
over existing ones. Consequently, both pharmaceutical firms and policymakers have an
interest in better understanding, developing, and incentivizing radical drug innovations.
However, this requires a clear identification (i.e., definition and measurement) of radical
drug innovation.

2012 A Google Scholar search on 10 February 2019 resulted in 175 papers with radical innovation in the title
2rL02that had been published since the beginning of 2017.
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We conclude that there has been little agreement in the literature to date to on what
exactly constitutes radical drug innovation and how to measure it appropriately. Many stud-
ies use measurement methods that are based on publicly available data. For example, many
researchers rely on publicly available drug approval assessment data from the US Food and
Drug Administration (FDA) and the European Medicines Agency (EMA), which regulate
the US and European pharmaceutical markets, respectively. Other studies use patent data,
which are also publicly accessible through the US and European Patent Offices. Schol-
ars have used these data to measure radical innovations (e.g., through patent counts, pat-
ent citation counts, new medical drug counts, and the use of FDA regulatory classifications
of newly approved drugs; Sorescu et al. 2003; Verhoeven et al. 2016).

While there have been substantial efforts in prior studies to validate measures of radi-
cal inventions, particularly through patent-based measures (e.g., Dahlin and Behrens 2005;
Kaplan and Vakili 2015; Verhoeven et al. 2016), there have been limited efforts to explic-
itly validate specific measures of radical drug innovation. As such, it remains unclear
what exactly constitutes radical drug innovation, and whether current measures of radi-
cal drug innovation actually assess what they purport to measure (de Sola-Morales et al.
2018; Morgan et al. 2008). This undermines our ability to understand radical drug innova-
tions, explain their antecedents, and demonstrate their implications for management and
policymaking. Innovation scholars rely on these relatively untested measures to develop
and examine their innovation theories. This calls into question the extent to which these
developed theories (e.g., regarding the antecedents and outcomes of absorptive capacity!®))
are valid, given that they were tested in pharmaceutical environments with potentially inac-
curate measures (e.g., Hohberger 2016; Malva et al. 2015; Phene et al. 2006; Suzuki and
Methe 2014; Zucker et al. 2002).

Another challenge associated with these methodological issues is that they inhibit the
comparison and integration of results across studies, hence impeding further advances
on the topic. For example, while some research on radical drug innovation has concluded
that smaller pharmaceutical companies deliver more radical innovations than larger ones
(Yamin and Otto 2004), others have come to the opposite conclusion (e.g., Dunlap-Hinkler
et al. 2010; Sorescu et al. 2003). Because each of these studies measured radical drug inno-
vations differently, they do not provide a clear and consistent understanding of the relation-
ship between pharmaceutical firm size and radical drug innovation, as is the case for much
research in this area. Indeed, as noted by Bamberger (2017, p. 237), “after all, no matter
how interesting a phenomenon may be, until it can be accurately and reliably measured,
our ability as scholars to understand such phenomena, explain their origins and demon-
strate their implications for management is extremely limited.”

The current paper addresses the problem of radical drug innovation measurement, pro-
vides evidence of the limitations associated with the current state of the art, and offers
a new measurement method based on the German health technology assessment (HTA)
approach. HTA is an evidence-based process that compares the benefits and adverse effects
of new drugs versus already existing drugs for the treatment of the same clinical condi-
tion (Panteli et al. 2015), thereby enabling physicians and payers to optimize healthcare
treatments. These assessments help to ensure that finite public healthcare resources are
effectively allocated to truly innovative drugs. Policymakers in an increasing number of

srLoi> Absorptive capacity has been the subject of significant research efforts (Noblet et al. 2011). There is a
srL2common understanding in the literature that higher firm-level absorptive capacity leads to better innovation
3FL03 gutcomes (Cohen and Levinthal 1990; Lazzeri and Pisano 2014).
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countries (e.g., Canada, France, Germany, and the UK) have implemented HTA to deter-
mine the additional therapeutic value of new drugs versus existing ones (Ciani et al. 2016;
Leverkus and Chuang-Stein 2016). However, HTA methods have not yet been broadly
adopted by scholars to measure radical drug innovations in empirical research. The cur-
rent research develops and validates a new measure of radical drug innovation based on
HTA. This validated measure will improve comparability across studies, will help us bet-
ter understand radical innovation within the industry and its impacts on outcomes, and, in
turn, will stimulate further research.

The remainder of this article proceeds as follows. The “Background” section discusses
existing definitions and measures of radical innovation in the literature, particularly with
regard to innovations within the pharmaceutical industry. The section “Reconceptualiza-
tion of an existing construct using health technology assessments” introduces our definition
and new measurement method for radical drug innovation. The “Data and methodology”
section provides details about the study setting, dataset, and methodology. The “Results”
section presents the study results, and the “Discussion” section includes a discussion of the
results and directions for future work.

Background
Radical innovation definitions and measurement issues

More than 30 years ago, Dewar and Dutton (1986) pointedly highlighted the ambiguity
in the then existing definitions and measures of radical innovation. Today, there is still no
general agreement on this topic (Chang et al. 2012; Chiesa et al. 2009; Cruz-Cazares et al.
2013; Dahlin and Behrens 2005; Green et al. 1995; Hagedoorn and Cloodt 2003; Hernan-
dez-Espallardo et al. 2012; Salavou 2004; Verhoeven et al. 2016). Although most of the
widely used definitions of radical innovation involve common elements—namely, a break
from the past (Dahlin and Behrens 2005; Verhoeven et al. 2016) and an impact on the
future, often in the form of competitive advantages in the market (Brem et al. 2016; Cho
and Kim 2017; Jiménez-Jimenez et al. 2008; Verhoeven et al. 2016)—this is where the
similarities end.

For example, Johannessen et al. (2001) and Colombo et al. (2017) define radical innova-
tion in terms of newness of a commercialized idea or technology. Cantner et al. (2011) con-
sider an innovation to be radical if it is new to the market; but others, such as McDermott
and O’Connor (2002), contend that radical innovations require both newness to the market
and the firm. Yet others, such as Assink (2006), Chandy and Tellis (1998) and Sorescu
et al.((2003), emphasize the importance of value to the customer, in addition to newness.
Because the definitions of radical innovation across studies are inconsistent and ambigu-
ous, it is very difficult to consistently operationalize and measure the concept, and to com-
pare findings across studies. For example, Garcia and Calantone (2002) counted 15 differ-
ent innovation constructs with more than 51 distinct measurement scale items in only 21
empirical studies.

Researchers also vary in their conceptualization and assessment of incremental inno-
vations. The major difference between radical and incremental innovations is the magni-
tude of novelty and the degree of customer need fulfillment. On the one hand, incremental
innovations represent minor improvements, when compared to existing products, services,
or processes across both dimensions, offering a marginal extra degree of need fulfillment.
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On the other hand, radical innovations symbolize major improvements and a large degree
of extra need fulfillment in comparion to existing products, services, or processes. It is
also important to highlight the important distinction between inventions and innovations,
because some research is dedicated to radical inventions (e.g., Ahuja and Lampert 2001;
Malva et al. 2015), while others analyze radical innovations (e.g., Arnold and Troyer 2016;
Dunlap-Hinkler et al. 2010). An invention refers to a new idea or discovery (e.g., which
could be patented), whereas an innovation goes beyond the invention, requiring commer-
cial use of the invention (Kanter 1983). This difference has immediate implications for
the radical invention and innovation constructs, as well as their measurement. The present
paper focuses on radical innovations.

Radical drug innovation definition and measurement issues

Within the literature on pharmaceutical drugs, too, no general agreement exists on the defi-
nition of radical drug innovation (de Sola-Morales et al. 2018; Morgan et al. 2008). In their
recent literature review, de Sola-Morales et al. (2018) found 25 different definitions of drug
innovation in 36 scholarly articles. They discovered, for example, that some definitions rely
on drug novelty, while others consider the novelty, therapeutic value, and acceptable costs
of the drug. And yet others emphasize unmet medical needs that the new drug addresses.
Moreover, many studies that have examined pharmaceutical drug innovations do not even
provide definitions for the term. In their systematic literature review on drug innovation,
Kesselheim et al. (2013) had to exclude 84 per cent of articles on the topic because they did
not contain definitions of drug innovation.

The abundance of radical drug innovation definitions can be explained by the fact that
they are context specific (Kennedy 2009). In the specific context of public health, factors
in addition to drug novelty are desired because it is now well established from a variety
of studies that not all novel drugs are inevitably better when compared to already exist-
ing drugs (Aronson et al. 2012; Morgan et al. 2008; Oriana et al. 2016). For example, a
recent analysis published in the British Medical Journal reported that more than 50 per
cent of newly-approved drugs did not offer additional therapeutic benefit when compared
to already exisitng drugs (Wieseler et al. 2019). Thus, in addition to being novel, drugs also
need to be useful, in that they provide some additional therapeutic value (net of treatment
risks) when compared with already existing drugs. Consequently, drug innovation can be
best understood as a two-dimensional construct consisting of drug novelty and therapeutic
value. Following Morgan et al. (2008), a radically innovative drug can be characterized
as a novel drug that offers important additional therapeutic value over existing treatment
options. What exactly characterizes important additional therapeutic value is left open to
judgement.

Studies on radical drug innovation are plagued by relatively untested measures of the
concept — not surprising, given the lack of definitional consensus. In their literature review,
Kesselheim et al. (2013) identified four primary approaches to the measurement of radi-
cal drug innovation across 42 studies: drug/New Molecular Entities (NME) counts (21/42,
50%), therapeutic value (14/42, 33%), patents (4/42, 10%), and economic assessments
(3/42, 7%). These different measurement methods have been used to capture radical drug
innovation, but there have been limited efforts to validate them, let alone to evaluate their
differences and similarities. The following sections include descriptions and limitations of
these methods.

@ Springer
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Drug/NME counts

Some older studies have used the annual number of approved drugs per company as an
indication of radical drug innovation, while many recent studies count the number of
approved NMEs as a proxy for the concept (Kesselheim et al. 2013). The NME classi-
fication is assigned to drugs by the FDA’s Center for Drug Evaluation and Research
(CDER) after successful review of New Drug Applications (NDA; see, e.g., Fernald et al.
2017; Sternitzke 2010). To designate a chemically synthesized drug as an NME, the FDA
requires that the drug contains active substances that have not previously been marketed
in the US. All other drugs (e.g., drugs that are based on new formulations of previously
approved active substances) receive a different (i.e., non-NME) classification by the FDA.
As such, NMEs are a measure of drug novelty.

Following the FDA, NMEs can be further differentiated into first-in-class and follow-on
drugs (US Food & Drug Administration 2020). A first-in-class drug is defined as a drug
that uses—until then—a new and unique mechanism of action for treating a medical condi-
tion (Eder et al. 2014; Lexchin 2016). The term drug class describes drugs that are grouped
together because of their similarities, such as their mechanism of action. The first drug that
is based on a new mechanism of action is considered to be a first-in-class drug. However,
there is some ambiguity in this approach. For example, a first-in-class drug can be either
defined as a drug that uses a new mechanism of action for the first time, independent of any
particular disease area, or as a drug that uses a new mechanism of action for a particular
disease for the first time, even if the same mode of action was already used for the treat-
ment of other diseases. Because of this ambiguity, researchers frequently examine drug
innovation by using the NME method instead of the first-in-class classification, because the
NME classification is thought to be unambiguous. Recent studies have categorized NME
drugs as radically innovative and non-NME drugs as incrementally innovative (Cardinal
and Hatfield 2000; Cohen and Caner 2016; Dunlap et al. 2013; Fernald et al. 2017).

There are at least two key limitations associated with the approach of measuring radical
drug innovation by using the NME classification. First, the NME measure only captures
the technological novelty of the drug, but it does not capture the therapeutic value of the
drug. Novel drugs do not inevitably provide additional therapeutic value when compared to
already existing drugs, because pharmaceutical companies are not required to demonstrate
to the FDA that their drugs have greater therapeutic value than drugs already on the market
(Davis and Abraham 2011; Stafford et al. 2009). As such, an NME designation tells noth-
ing about a drug’s effectiveness when compared to existing drugs (Davis and Abraham
2011; Jayadey and Stiglitz 2009). As a result, it is not clear whether NMEs are necessar-
ily more valuable than other drugs. Second, the NME characterization is not available for
biological drugs, such as recombinant therapeutic proteins, because these go through an
approval process that is based on different legislation (Branch and Agranat 2014). Precisely
for this reason, biologics are excluded from studies that assess radical drug innovation
based on the NME classification (e.g., Cohen and Caner 2016; Dunlap et al. 2013; Sorescu
et al. 2003). However, biologics have been a major driver of important clinical progress in
areas of high unmet medical need, such as cancer (Collins and Varmus 2015; Schmid and
Smith 2005), and need to be included in studies on the topic of radical drug innovation.

@ Springer
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Patents

Patents are critical for pharmaceutical firms because they provide market exclusivity and,
in turn, help to recoup the major R&D investments made in pursuit of new drugs. Accord-
ing to an analysis of the innovative activity of Europe’s largest industrial firms, pharma-
ceutical companies file patents for approximately 80 per cent of their product innovations
(Arundel and Kabla 1998). The common use of patents and their data availability in the
public domain make them very attractive for empirical research within the pharmaceutical
industry. More specifically, counts of both patent forward and patent backward citations!*!
are frequently used in the literature to measure radical drug inventions (see Dahlin and
Behrens 2005, for a comprehensive overview of patent-based measurement approaches).
While forward patent citations are commonly used as a proxy for patent value and impact
(Trajtenberg 1990), backward patent citations are understood to be a measure of novelty
(Dahlin and Behrens 2005; Shane 2001). Prior studies have identified radical drug inven-
tions based on patents within the top 1% (e.g., Ahuja and Lampert 2001), 2% (e.g., Hoh-
berger 2016; Phene et al. 2006), or 5% (e.g., Singh and Fleming 2010) of the forward
citations within the relevant patent class. Although patents are most frequently linked to
drug inventions, some researchers have used patent-based indicators to assess radical drug
innovations. For example, in their frequently cited paper, Phene et al. (2006) conceptualize
radical innovations based on counts of patent citations.

As highlighted by Dahlin and Behrens (2005) and Kuhn et al. (2020), there are impor-
tant limitations of patent-based measures. First, in their replication of well-known innova-
tion studies, Kuhn et al. (2020, p. 112) provide “evidence that the use of patent citations is
increasingly generating significant measurement error for many academic studies” because
of changes in the underlying processes of how patent data are generated. For example, pat-
ent citations to not-yet-issued patents (i.e., pending patent applications) have become much
more common, but such citations are not captured with current patent-citation methods
(Kuhn et al. 2020). Second, patent-based measures have been used to capture important
concepts such as novelty, firm market value, and technological impact, but not customer
benefit or additional therapeutic value of drugs, which are important in identifying radical
drug innovations. Third, patent citation counts are based on the logic that one invention
relates to just one patent. However, multiple patents typically protect one pharmaceutical
drug (Ouellette 2010). Fourth, there is an important time lag between when a patent is
issued and an uptake in citations (Tijssen 2001). Fifth, a risk exists that patents of own-
ers with high status in the industry are cited more frequently (Dahlin and Behrens 2005).
Sixth, companies might decide not to file a patent for strategic reasons (e.g., to maintain
secrecy; Trajtenberg et al. 1997). Finally, there is an important limitation (in terms of prac-
ticality) when collecting patent information for pharmaceutical drugs. It is easy to obtain
all patent information for chemically synthesized drugs because the information is pub-
licly available in the FDA’s Orange Book (US Food & Drug Administration n.d.-a). How-
ever, it is not possible to obtain patent information in the same way for biological drugs
because the FDA’s publicly available Purple Book (US Food & Drug Administration n.d.-
b) does not contain patent information. As such, to obtain patent information for biological
drugs, one either has to search company disclosures and the patent literature for mentions

sreor* A backward citation refers to a patent that was already available when the patent of interest was granted.
4rLo2 A forward citation refers to newer patents that cite the patent of interest that was granted before the newer

4FLO03

patents.
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of the biological ingredient and for the tradename (which is extremely time-consuming
and potentially error-prone) or purchase access to a commercial database, which is fairly
expensive. Although many of the limitations of patent-based measures can be overcome,
they reduce the practicality of research because they require context-specific adjustments
in the data collection process.

Economic assessments

Cost-effectiveness analyses typically measure the benefits of new drugs through qual-
ity-adjusted life years (QALYs) compared with alternative drugs or treatment interven-
tions. The main idea is to compare the quality-of-life impact of one drug versus another.
QALY analyses are often used to inform health insurance coverage decisions (Weinstein
et al. 1996). However, the QALY approach comes with at least two important limitations
(Beresniak et al. 2012, 2015; de Sola-Morales et al. 2018; Leverkus and Chuang-Stein
2016).

The first limitation is that outcomes of the analysis are reported as change in the length
of life, namely adjusted life years. While this might work well with different treatment
options for severe diseases such as cancer or heart failure (where the primary outcome
is mortality), it is less clear when health outcomes differ widely across diseases or disor-
ders. To better illustrate this point, we refer to the study of Smith and Roberts (2000), who
examined the cost-effectiveness of sildenafil—a drug thatis used to treat erectile dysfunc-
tion. The study, which had the objective to guide healthcare payers on the decision to reim-
burse the drug or not, concluded that:

“[...] the cost-effectiveness ratio [the cost per QALY gained was $11,290 USD;
insertion is ours] of sildenafil compared favorably with those of commonly recom-
mended interventions for other medical conditions, costing less than renal dialysis,
cholesterol-lowering medication, and coronary artery bypass grafting.” (p. 935).

How is such a comparison meaningful? In this case, should payers fund more treatments
of erectile dysfunctions instead of renal dialysis? The health outcomes of erectile dysfunc-
tions and renal failures are very different. As such, it is challenging to quantify them with
the same measurement system using QALYs.

The second limitation of the QALY approach lies in the methodology for the adjust-
ment of quality of life. There are different methods, such as the time trade-off (TTO)
method,’ for the quality adjustment, and it is well established that they lead to different
QALY outcomes (Beresniak et al. 2015). Acknowledging the methodological limitations of
the QALY approach, the European Commission funded the ECHOUTCOME research pro-
ject to-examine the validity of the QALY approach. The study, based on more than 1,300
respondents, could not validate the QALY method because there were important differ-
ences between the TTO preferences expressed by the respondents and the assumed TTO
choices that are part of the QALY calculation (Beresniak et al. 2015).

srLor> The TTO method is based on replies from a sample of people who were asked how many life years they
seL2would trade in order to avoid living with a certain health state (e.g., a specific disease or disability).
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Table.1 OpeF ationalization of Standard Review Priority Review
drug innovation by Sorescu et al.
(2003) Non-NME Incremental innovation Market breakthrough
NME Technological innovation Radical innovation
Therapeutic value

Another approach for measuring radical drug innovation is based on the therapeutic
value of drugs (Kesselheim et al. 2013). Although there is little consensus on the exact
method for assessing therapeutic drug value (Kesselheim et al. 2013), a number of
researchers have evaluated therapeutic drug value based on the clinical potential that
the FDA assumes at the time of the drug application (e.g., Arnold and Troyer 2016;
Dunlap et al. 2016; Kneller 2010; Sorescu et al. 2003; Sternitzke 2010). Drugs deemed
by the FDA to have potentially important therapeutic benefits receive an Expedited
Review, while all other drugs receive a Standard Review (Chambers et al. 2017; Ster-
nitzke 2010). The FDA has multiple Expedited Review programs: Priority Review,
Fast Track, Accelerated Approval, and Breakthrough Therapy. These programs aim to
bring potentially innovative drugs faster to patients in need.

Studies of radical drug innovation rely on Priority Reviews, but not the other types
of expedited FDA review (i.e., Fast Track, Accelerated Approval, or Breakthrough
Therapy), to identify the innovativeness of drugs. This is probably the case because
the Priority Review program was established first in 1992, whereas the other FDA
Expedited Review programs were established later: the Fast Track program in 1997,
and both the Accelerated Approval and Breakthrough Therapy in 2012 (US Food &
Drug Administration 2018). Researchers who utilize the therapeutic value approach
to radical drug innovation associate the Priority-Reviewed NMEs as radically innova-
tive, and all others as incrementally innovative (e.g., Arnold and Troyer 2016; Dunlap
et al. 2016; Kneller 2010; Sorescu et al. 2003; Sternitzke 2010). Table 1 shows a com-
prehensive operationalization of drug innovation based on NME and FDA Standard/
Priority Reviews.

While this two-dimensional operationalization of radical drug innovation is concep-
tually aligned with Chandy and Tellis (1998), who defined radical innovation through
novelty and customer value, the operationalization of a new drug’s therapeutic value
through the FDA Priority Review characterization is potentially flawed. The FDA’s
Priority Reviews have important limitations, which are the same for the other Expe-
dited Review programs (i.e., Fast Track, Accelerated Approval, and Breakthrough
Therapy). First, the FDA uses expedited programs to review drug candidates that are
believed (at the time of the submission of the drug application) to offer potentially
important clinical improvements. However, there is no guarantee that these drug can-
didates actually provide therapeutic improvements after they are approved and used
(Chary 2016; Darrow et al. 2020; Hwang et al. 2018). Second, recent evidence shows
that FDA-expedited programs are, in general, approved on the basis of fewer and
smaller clinical trials (Wallach et al. 2018). Drugs approved through Expedited Review
programs are more likely to receive FDA safety actions later on (Wallach et al. 2018)
because these drugs have higher incidences of safety issues post-approval (Pinnow
et al. 2018), including increased incidences of serious adverse reactions (Olson 2008)
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and safety-related label changes after approval, particularly those representing highest
risk warnings (Mostaghim et al. 2017). In summary, while the aim to more quickly
bring potentially innovative drugs to patients in need is laudable, shorter review pro-
cesses based on clinical trials with smaller patient populations lead to greater uncer-
tainty about drug efficacy and safety. There is important evidence that FDA’s Expe-
dited Review programs may lead to the approval of drugs that carry greater risks than
benefits. Thus, the use of any of these expedited programs as a single proxy of the
additional therapeutic value of a new drug might be problematic.

Reconceptualization of an existing construct using health technology
assessments

As discussed above, there is a wide variety of definitions and measures of radical drug
innovation used within research on the topic. It is challenging to measure an innova-
tion’s radicalness because it is a theoretical construct. Many of the current measures
have not been validated and, based on the discussion in the previous section, may not
adequately assess radical drug innovation. The NME characterization and patent-based
measures only assess drug novelty. The two-dimensional measure of radical drug inno-
vation NME + Priority Reviews assesses both drug novelty and a drug’s therapeutic
value, but the operationalization of a new drug’s therapeutic value through the FDA
Priority Review characterization is potentially flawed.

One solution to address this major limitation may come from utilizing a new, two-
dimensional measure that is based on drug novelty, which is captured through the NME
classification, and the additional therapeutic value of a drug, measured through Germa-
ny’s HTA approach instead of Priority Reviews. The German HTA approach was chosen
because it assesses the additional therapeutic value of new drugs based on clinical stud-
ies and does not use an approach based upon quality-adjusted life years (QALY's), which
has been convincingly judged to be flawed by some researchers (see discussion above
and de Sola-Morales et al. 2018; Leverkus and Chuang-Stein 2016).

Health technology assessment

As noted above, when a new drug is approved by regulatory agencies such as the FDA
or the EMA, this normally means that the drug is both safe and effective. Regulatory
drug approvals are often based on clinical trials that assess the new drug versus placebo
treatment (Davis and Abraham 2011; Stafford et al. 2009). Thus, regulatory approval
does not necessarily indicate that the new drug is clinically superior to other drugs.
Because of this, patients, physicians, and payers have limited ability to compare the
benefits of newly approved drugs vis-a-vis already existing ones. This notable gap may
drive both suboptimal treatment choices and healthcare resource allocations.

HTA addresses this gap by identifying effective treatment options through the “sys-
tematic evaluation of properties, effects, and/or impacts of health technology” (WHO
| HTA Definitions n.d.). HTA is an evidence-based process that examines the conse-
quences of using a healthcare technology (e.g., a new drug or a new treatment proce-
dure) by analyzing its associated medical, social, economic, and ethical issues (Panteli
et al. 2015). More specifically, the HTA approach compares the benefits and adverse
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effects of alternative drugs for the treatment of the same clinical condition (Panteli et al.
2015), thereby enabling physicians and payers to optimize healthcare treatments. HTA
may be based on examinations of clinical efficacy, safety, real-world effectiveness, and
the social and ethical impacts of using the drug. Many countries (e.g., the UK) require
cost-effectiveness assessments to be part of HTA in order to guide reimbursement and
access decisions. The results from HTA are becoming increasingly recognized and con-
sidered when making health policy decisions in many countries (Panteli et al. 2015;
Postma et al. 2011), including whether a new drug should be reimbursed by public
healthcare systems and to predict which patients might benefit most from new drugs.

HTA was implemented in Germany in 2000 (Fricke and Dauben 2009). As part of the
German HTA framework, clinical benefits assessments'® of new drugs were made manda-
tory in the country in 2011 (Leverkus and Chuang-Stein 2016). This means that all new
drugs must be evaluated against a comparator, typically the existing standard of care,”! in
order to assess the presence and magnitude of the new drug’s additional clinical benefits
(Schlette and Hess 2013). This assessment first includes an analysis of the pharmaceuti-
cal company’s dossier by the German Institute for Quality and Efficiency in Healthcare
(IQWiG). Subsequently, the Federal Joint Committee (G-BA), which is Germany’s high-
est decision-making body of physicians, hospitals, and health insurance funds, makes final
decisions with regard to the drug’s added benefits (Schlette and Hess 2013).

The German HTA process results in six possible clinical assessment outcomes: (1)
major benefit; (2) considerable benefit; (3) minor benefit; (4) not quantifiable; (5) no addi-
tional benefit; and (6) lower benefit (Lauenroth and Stargardt 2017). The IQWiG method-
ology dictates that a drug with either a sustained or significant improvement of the clinical
condition (in comparison to the comparator drug) receive a classification of major or con-
siderable benefit (Leverkus and Chuang-Stein 2016; Skipka et al. 2016). Key factors for a
positive assessment outcome are improved overall survival, as well as decreased morbidity
and adverse events (versus the comparator drug). Only if an important additional benefit is
evident and a positive assessment is obtained can the pharmaceutical company negotiate a
premium price with health insurance companies. Otherwise, the price of the new drug is
referenced to the price of the comparator drug (Schlette and Hess 2013).

Using NME and HTA to classify radical drug innovations

Before developing a new method to measure radical drug innovation, a careful definition
and delineation of the construct is required. In their recent systematic literature review on
the definitions of drug innovation, de Sola-Morales et al. (2018) found that drug innova-
tion was most frequently characterized by the therapeutic value of drugs, followed by drug
novelty. Building on this characterization, a new drug can be considered radically innova-
tive (1) if it provides evidence for important additional therapeutic value (net of treatment
risks) to patients when compared to already existing drugs that are intended to treat the
same clinical condition and (2) if it is based on a new structure or mechanism of action.

orL01® Benefit assessment of pharmaceuticals in accordance with the German Social Code, Book Five (SGB V),
6FL02 Sect. 35a.

701’ Guidelines, typically developed by a specialist society, that are generally accepted in the medical commu-
7FL02nity for the treatment of a disease or condition.
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Drugs authorized by EMA from 2011 to

2016

17

(n=322)

Excluded (159)
Duplicates of registrations (9)
Vaccines, gene therapies, radiocactive
tracers (20)
Drugs without health benefit assessment
(130)

ps authonzed by EMA and

subjected to health benefit assessment in

Germany (n = 163)

Excluded (16):
Drugs without patents (16)

EMA authonzed drugs . which were

subj

ted to health benefit assessn in
Germany and which are protected by

patents (n = 147)

Fig. 1 Construction of the data set

In line with this definition, radical drug innovation can be operationalized through a
combination of the NME classification and the German early benefit assessment (part of
the HTA approach). As discussed above, the NME classification serves as a measure of a
drug’s novelty, and the German HTA method is an evidence-based process that assesses
the therapeutic value of a new drug. On the one hand, all NMEs that are deemed, through
the HTA process, to have a major or considerable additional clinical benefit that can be
categorized as radically innovative. On the other hand, drugs with minor benefit, not quan-
tifiable, and no additional benefit classifications can be categorized as incremental or not
innovative. This new two-dimensional measure may be more suitable than existing meas-
ures because, in addition to considering the newness of a drug, it also assesses the thera-
peutic value of the drug using transparent and evidence-based methods.
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Data and methodology
Data

Data was collected from a range of public databases of regulatory authorities, government
agencies, and institutes. Through manual extraction from the annexes of 2011 to 2016
EMA annual reports (European Medicines Agency n.d.), data was obtained for all 322
drugs that had been authorized for human use by the EMA during that time period. Data
included approval year, product name, therapeutic area, and name of marketing authoriza-
tion holder. After exclusion of nine registrations with the same active substance and indica-
tion as well as vaccines, gene therapies (following Alqgahtani et al. 2015), and radioactive
tracing pharmaceuticals (due to their use in diagnostic imaging), 293 drugs remained. The
G-BA database (Gemeinsamer Bundesausschuss n.d.) was then checked to see if an early
benefit assessment had been performed for each of these drugs. After drugs without an
assessment, primarily due to low sales, were excluded, 163 drugs remained. We then col-
lected patent information for the patented drugs (147 of the 163 drugs have patents). This
comprised the final dataset for this study.

For these 147 drugs, additional information was collected from the approved drug
product database of the FDA, such as the drugs’ NDA classification codes and regulatory
review types (priority versus standard; US Food & Drug Administration, n.d.-c), as well as
the outcomes of the early benefit assessments from the database of the G-BA. All informa-
tion for the patent-based analysis was taken either from the PATSTAT database (European
Patent Office n.d.) or a commercial patent database (think Biotech LLC n.d.). Figure 1
summarizes the data collection process. Due to the recent implementation of the German
HTA (early benefit assessment) in 2011, the size of the available data set is limited, and no
sampling was performed.

Methodology

The innovativeness of the 147 drugs was measured using the three current measures of
radical drug innovation described above: patent backward citations, NME classifications
on a stand-alone basis, and NMEs combined with FDA Priority Review designations. Sub-
sequently, the outcomes of the three current measurement methods were compared (using
cross-tabs analysis and Sankey diagrams) to assess their consistency. Finally, we introduce
our new measure and assess its validity vis-a-vis the three established measures. But first,
before comparing, we introduce our four measures.

For the first measure (Patent Top5), following the approach proposed by Shane (2001)
that was also described in the 2015 OECD working paper “Measuring the technological
and economic value of patents” (OECD 2015) and by Dahlin and Behrens (2005), we
assessed the radicalness of the 147 drugs using backward citation analysis. According to
Shane (2001), an invention is more radical if its underlying patents cite more previous pat-
ents in patent classes that are different from the patent classes of the patents that protect the
invention. The higher the ratio (between 0 and 1), the more radical the invention is: A radi-
calness index of 1 means that all patents of the invention cite previous patents that are all
in patent classes that differ from the patent classes of the patents that protect the invention.
We calculated the radicalness index for each focal patent, and for all other patents granted
in the same year and in the same four-digit international patent class (IPC) as the focal
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patent. If a focal patent was within the top 5 per cent of the Shane radicalness index within
the relevant four-digit IPC patent class from the same year in which the focal patent was
approved, then we classified the drug as radically innovative, and otherwise as incremen-
tally innovative. We chose the 5 per cent cutoff point because it had been used in previous
research (e.g., Singh and Fleming 2010).

For the second measure (NME), previous research methods were replicated (e.g., Cohen
and Caner 2016; Dunlap et al. 2013; Fernald et al. 2017) to differentiate the 147 drugs
into radical or incremental innovations. All drugs with an NDA type 1 classification (i.e.,
all NMEs) were categorized as radical innovations. All biologics were also categorized as
radical innovations because they have been a major driver of important clinical progress in
areas of high, unmet medical need. Drugs with NDA classification codes other than type 1
(i.e., non-NMEs) were categorized as incremental innovations.

For the third measure (NME + Priority Review), the 147 drugs were classified into radi-
cal and incremental innovations using the NME classification and FDA Priority Review
designations. In line with previous research (e.g., Arnold and Troyer 2016; Sorescu et al.
2003; Sternitzke 2010), drugs were categorized as radical innovations if they had a type 1
NDA classification (i.e., all NMEs) or if they were a biologic with an FDA Priority Review.
All other drugs with different NDA classification codes and all other drugs without FDA
Priority Reviews were classified as incremental innovations.

Finally, the innovativeness of the 147 drugs was assessed using the newly developed
measure based on NMEs and the German HTA (NME + HTA®). All biologics and all NMEs
that also carried a designation of a major or considerable additional clinical benefit were
categorized as radically innovative. All others were classified as incrementally innovative.
Table 2 provides an overview of all measurement methods used in this study.

Results
Measuring drug innovativeness through current measures

All 147 drugs were classified as either radical or incremental innovations using the previ-
ously described current measures, which are based on either novelty (Patent Top5 or NME)
or a combination of novelty and therapeutic value (NME + Priority Review). As can be
seen from the data in Table 3, the two measurement approaches based on novelty alone
(Patent Top5 and NME) generate considerably different outcomes. When measured through
NME, 86 per cent of the drugs are classified as radically innovative. However, when they
were assessed through the other current measure of novelty (Patent Top5), only 33 per cent
of the drugs are categorized as radical innovations. Only 45 (36%) of the 126 drugs that are
classified as radically innovative using the NME approach are also categorized as such by
the Patent Top5 method.

The two current measures of novelty (NME and Patent Top5), when compared to the
current measure based on novelty and therapeutic value (NME + Priority Review), come
with considerably different outcomes as well. As can be seen from the data in Table 4,
only 69 (55%) of the 126 drugs that are classified as radically innovative using the NME

srotS HTA was based on the assessment of the additional therapeutic value of drugs net of treatment risks
8FL02 (safety) when compared to the standard of care (i.e., the best treatment option that was available at the time

8FL03

of the comparison). There were no evaluations of ethical, legal, or social aspects of any drug.
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Table 2 This study’s operationalizations of radical and incremental innovations

Author Proof

Construct Radical Innovation Incremental Innovation
Patent Top5 A drug with a patent within the top 5% of the Shane (2001) radicalness All other drugs

index within the relevant four-digit IPC patent class from the same year

in which the focal patent was approved
NME

NME + Priority Review

NME+HTA

All type 1 NDA classifications and all biologics

All type 1 NDA classifications and all biologics with FDA Priority
Review

All type 1 NDA classifications and all biologics with a major or consider-
able additional benefit per the Germany HTA

All other NDA classifications
All other NDA classifications and all drugs without FDA Priority Review

All other NDA classifications and all drugs without a major or consider-
able additional benefit per the Germany HTA

S21119WO0luaIdg

SLLE © ON QMY | ZGIT1 PIsudpUOEWS : [euanof

8LLE * 2POD S | 0€ : sa3ed

0Z0T-11-L : ydredsiq |




Author Proof

Journal : SmallCondensed 11192 Article No : 3778

Pages : 30 | MS Code : 3778

Dispatch : 7-11-2020

Scientometrics

Table 3 Cross-tabulations of

drug innovativeness of Patent Patent Tops NME Total
Top5 versus NUE Incremental Radical
Incremental
Count 17 81 98
% of Total 11.6 55.1 66.7
Radical
Count 45 49
% of Total 2.7 30.6 333
Total
Count 21 126 147
% of Total 14.3 85.7 100.0
Z‘?l g'j-‘v;‘mici";jlfr'l’t‘;l‘;gl‘: Viv ME NmE NME + Priority Review Total
Incremental Radical
Incremental
Count 21 0 21
% of Total 14.3 0.0 14.3
Radical
Count 57 69 126
% of Total 38.8 46.9 85.7
Total
Count 78 69 147
% of Total 53.1 46.9 100.0
;;;Ije ;n dclif(l)\flsE_t-i];?)}?otir?;s R}::\l/tiirvl\f Patent Top5 NME + Priority Review Total
Incremental Radical
Incremental
Count 55 43 98
% of Total 374 29.3 66.7
Radical
Count 23 26 49
% of Total 15.6 17.7 333
Total
Count 78 69 147
% of Total 53.1 46.9 100.0

543 only approach are also categorized as such by the NME + Priority Review method. The dif-
544 ference in the outcomes between Patent Top5 and NME+ Priority Review are even more
545 notable. As shown in Table 5, only 26 (38%) of the 69 drugs that are classified as radically
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Ui NME
21

Patent Top5

98

8
4

Patent Top5

49

45
333 % 85.7 %

Fig. 2 Differences in outcomes between Patent Top5 and NME (Sankey diagram)

Table 6 Cross-tabulations

NME+ Priority Review and NME+ Priority Review NME+HTA Total
NME+ HTA Incremental Radical
Incremental
Count 73 5 78
% of Total 49.7 3.4 53.1
Radical
Count 44 25 69
% of Total 29.9 17.0 46.9
Total
Count 117 30 147
% of Total 79.6 20.4 100.0

innovative using the NME + Priority Review approach are also categorized as such by the
Patent Top5 only method.

The Sankey diagrams shown in Fig. 2 through 4 aim to better visualize the differ-
ences in outcomes between the different measurement models. Radically innovative
drugs are depicted in green boxes, and drugs characterized as incrementally innovative
are shown in gray boxes. The size of the boxes and arrows is based on the number of
drugs in each category. As can be seen in Fig. 2, out of the total 147 drugs, 49 (33%)
are categorized as radical drug innovations based on the Patent Top5 measure, and 126
(86%) as radical drug innovations based on the NME measure. From the 98 drugs clas-
sified as incremental drug innovations through the Patent Top5 method, 81 (83%) are
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Fig. 3 Differences in outcomes between NME and NME + Priority Review (Sankey diagram)

Patent Top5
98

Patent Top5

49

33.3 %

23

55
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NME + Priority Review
78

L&

NME + Priority

Review
69
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Fig. 4 Differences in outcomes between Patent Top5 and NME + Priority Review (Sankey diagram)

categorized as radical drug innovations and only 17 (17%) as incremental innovations
through the NME method. The Sankey diagrams visualize the very inconsistent meas-
urement outcomes of the three current measures of radical drug innovation: The meas-
ures do not seem to assess the same concept.
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Measuring the radicalness of innovations using the HTA approach

Only 30 of the 147 drugs (20%) qualify as radically innovative when assessed using the
newly developed measurement approach that combines NME with HTA (NME + HTA;
see Table 6). Put differently, when using the new measure of radical drug innovation,
approximately 80 per cent of the approved drugs do not provide an important additional
value versus other existing treatment alternatives. Moreover, from the 69 drugs classi-
fied as radical drug innovations through the NME + Priority Review method, only 25
(36%) are categorized as radical drug innovations through the NME + HTA method (see
Table 6). Therefore, these two measures show very different outcomes and, as such, can-
not be used interchangeably.

Two cases

Two cases out of the 147 drugs in the sample are presented below to highlight the outcomes
associated with the various measurement approaches that were examined above. Both are
typical cases because they represent drugs that got approved by the regulatory authority
(FDA) based on clinical trials showing the drugs to be safe and effective in treating the
clinical condition of the patient population. As discussed above, to obtain approval from
the FDA, it was not necessary to provide evidence of clinical superiority of the new drugs
versus already available treatment options. The two cases presented below—regorafenib
and trametinib—highlight differences in measurement outcomes. (Figs. 3, 4)

Regorafenib (trade name: Stivarga®) was approved in 2012 by the FDA (US Food &
Drug Administration 2012) and in 2013 by the EMA (European Medicines Agency 2013)
for the treatment of metastatic colorectal cancer based on the results of the phase 3 COR-
RECT trial, which showed statistically significant increases in both overall survival (OS)
and progression-free survival (PFS) when compared to placebo (US National Library
of Medicine 2015). However, in real-world terms, the median overall survival benefit of
45 days was rather modest, and important toxic effects (54% versus 14% in the placebo
group) were observed in the trial population (Scheithauer 2012).

Stivarga® is protected by five US patents (7351834, 8637553, 8680124, 9458107, and
9957232). Based on our backward citation analysis, the radicalness indexes of these patents
range from 0.24 (patent 9957232) to 0.71 (patent 9458107), but none of the focal patents
were within the top 5 per cent of the radicalness index within the relevant four-digit IPC
patent classes (A61K, A61P, CO7C, and CO7D) from the same year in which the focal pat-
ents were approved. Consequently, Stivarga® does not qualify as radical. Instead, it is con-
sidered to be an incremental drug innovation based on the backward patent citation-based
metric.

The FDA categorized Stivarga® as an NME because its active ingredient, regorafenib,
had not been previously marketed in the US. Moreover, the FDA chose to do a Priority
Review of the drug application because regorafenib treats a serious condition and could
provide significantly improved effectiveness based on the phase 3 CORRECT trial. Thus,
when the innovativeness of this drug is assessed using the current approaches of either
novelty alone (NME) or novelty plus therapeutic value (NME + Priority Review), it is clas-
sified as a radical innovation.

The mandatory benefit assessment of Stivarga® in Germany in 2013 resulted in a minor
additional benefit rating for patients suffering from metastatic colorectal cancer when com-
pared to the current best supportive care (Gemeinsamer Bundesausschuss 2016a). This is
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Fig.5 Formative measure
of radical drug innovation
(NME+HTA)

Table 7 Correlations between
NME and HTA

Radical drug
innovation
defined by

NME + HTA

NME HTA
Pearson Correlation 0.000
Sig. (2-tailed) 1.000
N 147

because the modest gain in median overall survival of 45 days was considered to be par-
tially offset by the additional negative side effect (toxicity) and its impact on the overall
quality of life of patients suffering from metastatic colorectal cancer. Hence, when apply-
ing the newly developed measure that incorporates the HTA approach (NME + HTA), the
drug gets categorized as an incremental innovation.

Trametinib (trade name: Mekinist®) was approved by the FDA in 2013 (US Food &
Drug Administration 2013) and by the EMA in 2014 (European Medicines Agency 2014)
for the treatment of unresectable or metastatic melanoma in adult patients based on the
results of the phase 3 METRIC trial, which compared Mekinist® versus chemotherapy
(US National Library of Medicine 2018). The primary outcome measure of the trial was
progression-free survival (PFS), which is a surrogate endpoint. The trial results showed
a statistically significant increase in PFS for patients treated with Mekinist®; the median
PFS was 4.9 months versus 1.5 months in the chemotherapy group.

Mekinist® is protected by eight US patents (7378423, 8580304, 8835443, 8703781,
9155706, 9271941, 8952018, and 9399021). Based on our backward citation analysis, the
radicalness indexes of these patents ranged from 0.07 (patent 8835443) to 0.61 (patent
8952018), but none of the focal patents were within the top 5 per cent of the radicalness
index within the relevant four-digit IPC patent classes (A61J, A61K, A61P, CO7D, CO7C,
CO7F) from the same year in which the focal patents were approved. Consequently, Meki-
nist® qualifies only as an incremental drug innovation based on the backward patent cita-

tion metric.

The FDA categorized the drug as an NME because its active ingredient, trametinib, had
not been previously marketed in the US, and no Priority Review had been performed by the

FDA. Thus, when the innovativeness of this drug is assessed using the current approach of

novelty alone (NME), then the drug is classified as a radical innovation. However, when the
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Table 8 Regression coefficients

Unstandard- Standard-
(dependent variables: NME and iz:; ?Ze;r iz:; ciz f
HIA) ficients ficients
Model B Std. Error Beta t Sig
(Con- -0.204 0.034 -6.076 0.000
stant)
1
NME 0.238 0.035 0.207 6.708  0.000
HTA 0.857 0.029 0.906 29.394  0.000
r=0.048
BETAg = 0.436%* BETApyicnt Tops = 0.635%* BETA e = 0.207%* BETA;z, = 0.906%*

Radical drug
innovation - Radical drug
{ =0.340** °
defined by Sopee innovation
defined by
NME + HTA

Priority
Review +
Patent Top5

2 =0.620** rr=0.863%*

** correlation is significant at the 0.01 level

Fig.6 Convergent validity assessment of the newly developed measure

innovativeness of Mekinist® is assessed using the current measure of novelty plus thera-
peutic value (NME + Priority Review), it is classified as an incremental innovation.

For the mandatory benefit assessment of Mekinist® in Germany in 2015, the therapeu-
tic value of the drug was compared against vemurafenib (trade name: Zelboraf®; Gemein-
samer Bundesausschuss 2016b). It was not tested against chemotherapy as it was in the
phase 3 METRIC trial, which was the basis of the drug approval by the FDA and the
EMA. The benefit assessment resulted in a considerable additional benefit rating because
the median overall survival increased by 7.6 months for patients treated with Mekinist®
when compared with Zelboraf®. Therefore, when applying the newly developed measure
that incorporates the HTA approach (NME+ HTA), the drug gets categorized as a radical
innovation.

Validating the newly developed measure

Next, we conducted analyses to examine the extent to which the combination of NME and
HTA in our newly developed measure form a construct of radical drug innovation. Fol-
lowing Hair et al. (2019) and Hair et al. (2016), the assessment of formative measurement
models, as in our case, differs from approaches for reflective measurement models. Forma-
tive measurement models are assessed based on indicator collinearity, statistical signifi-
cance and relevance of the indicator weights, and convergent validity (Hair et al. 2016). As
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such, we assessed our recommended NME + HTA measure in three steps: Step 1—Evaluate
collinearity of the formative indicators; Step 2—Assess the indicator weights’ statistical
significance and relevance; and Step 3—Assess the convergent validity.

Step 1: To evaluate the collinearity of the formative indicators (see Fig. 5), the correla-
tion coefficient between NME and HTA can be computed because there are only two indi-
cators. As shown in Table 7, there is no correlation between the two indicators (r=0.000),
and thus no collinearity.

Step 2: Because the radical drug innovation construct is defined by its formative indica-
tors (NME and HTA), a regression model with the construct as the dependent variable and
the indicators as independent variables should result in significant regression coefficients
greater than zero. As can be seen in Table 8, both indicators show significant positive cor-
relations with the construct (p <0.001). The total variance explained (R?) is 86.3%.

Step 3: Convergent validity is assessed by the correlation of the measurement model
with an alternative measure of the same concept. As shown in Fig. 6, we chose as an alter-
native measure of radical drug innovation a combination of Patent Top5 (as an alternative
measure of novelty instead of NME) and Priority Review (as an alternative measure of the
additional therapeutic value instead of HTA). The alternative measurement model (Patent
Top5 + Priority Review) must meet the same requirements as the measurement model to be
examined (NME + HTA). As such, after repeating Steps 1 and 2 for the alternative measure-
ment model, we conclude that there is no significant correlation between the alternative
indicators (r=0.048; p=0.563), and thus no collinearity (see Fig. 6). Both alternative indi-
cators correlate positively and significantly with the construct. The alternative measure-
ment model explains a significant amount of the total variance (R>=0.62). The correlation
between our recommended measurement model of radical drug innovation (NME+ HTA)
and the alternative measurement model (Patent Top5+ Priority Review) is significant
(r=0.340; p<0.001). As such, convergent validity is established.

In conclusion, given that there is no collinearity of the formative indicators (Step 1),
both indicators” weights are significant and relevant (Step 2), and the convergent validity
is established (Step 3), the newly developed measure NME + HTA has been successfully
validated.

Relative importance of each of the two indicators of the newly developed measure

Next, the relationship of both construct indicators (NME and HTA) is examined to test the
significance of their relationships with the construct. As noted above, Table 8 shows that
both indicators NME and HTA are significantly and positively correlated with the radical
drug innovation construct (p <0.001). However, the effect of HTA on the construct is nota-
bly higher (beta=0.906) than the effect of NME (beta=0.207; see Table 8). From this, it is
concluded that NME + HTA is primarily determined by the HTA indicator.

Discussion
Main insights
Radical innovations are vitally important to many industries (Keupp and Gassmann 2013).

We focus on the case of radical drug innovations, which are essential for creating competi-
tive advantages for pharmaceutical firms and for dealing with public health issues in the
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era of rising healthcare costs. Examination of the factors that enable firms to successfully
develop and commercialize radical innovations is of significant interest to both scholars
and practitioners. However, radical innovations are challenging to study because of their
theoretical, unobservable nature. To date, there has been little agreement in the literature
on what exactly constitutes radical innovation and how to measure it appropriately. On the
one hand, researchers have used a wide variety of methods to assess innovations, many of
which have been subjective and susceptible to biases (Sorescu et al. 2003). On the other
hand, a number of researchers have instead utilized large-scale quantitative assessments
that presumably offer more objective assessments of radical innovations.

The pharmaceutical industry offers a number of sources for such publicly available data
and, as such, is frequently studied by innovation researchers. However, these scholars have
tended to use measures of radical drug innovations (i.e., patent citations, NME classifi-
cations, and FDA Priority Reviews) without adequate testing and validation. As a result,
it remains unclear whether these measures of radical drug innovation actually assess the
underlying construct. This undermines our ability to truly and comprehensively understand
radical drug innovations, as well as their antecedents and outcomes. The purpose of the
present research is to address this important gap.

This study provides empirical evidence to show that the measures of radical drug inno-
vation currently used in the literature, which mainly emphasize novelty through either pat-
ent citations or the use of NME classifications and therapeutic value through FDA Prior-
ity Review classifications, show highly inconsistent outcomes. As such, it remains unclear
which of the current measurement methods, if any, is appropriate to measure what they
purport to measure. Therefore, this study’s results further confirm the observation that cur-
rent measures have not been adequately tested with regard to their precision in assessing
radical drug innovation.

Given that the three measurement approaches that currently dominate the literature
show such highly inconsistent outcomes, this research considers whether one of the meth-
ods is effectively superior to the others with regard to measuring radical drug innovative-
ness. Following Chandy and Tellis (1998) and Sorescu et al. (2003), we believe that a two-
dimensional measure of drug innovation that assesses both novelty and therapeutic value
appears to be more appropriate, because a novel drug should also provide important addi-
tional benefits to be considered innovative. Therefore, we disagree with Johannessen et al.
(2001), who have claimed that novelty is the only relevant innovation dimension that dif-
ferentiates a radical innovative product from an incremental one. Consequently, we argue
that the current novelty-only measures of drug innovation—patent citations and the use of
NME classifications on a stand-alone basis—are inherently flawed, and hence should not
be used to measure radical drug innovation. This leaves us with the current two-dimen-
sional measure NME + Priority Review that assesses both novelty (through NME classifi-
cations) and therapeutic value (through FDA Priority Review designations). However, the
FDA Priority Review approach is also potentially problematic. The first limitation with
the Priority Review assessment is that drugs approved through Priority Reviews might not
actually have the clinical outcomes that they were expected to have at the time of the drug
application submission. Second, drugs with Priority Reviews may lead to the approval of
drugs that carry greater risks than benefits. As such, Priority Reviews should not be used
as a measure of radical drug innovation (i.e., as an indicator of the therapeutic value of new
drugs).

Given the problems associated with current measures of radical drug innovation, this
paper presents a new measure based on the NME classification (as a measure of nov-
elty) and Germany’s HTA approach (as a measure of additional therapeutic drug value).
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Interestingly, HTA methods, which currently are fully integrated in many healthcare sys-
tems, and designed to identify and incentivize new drugs with higher therapeutic value
than existing ones, have not yet been adopted by innovation scholars in empirical research.
Using this new measurement method, approximately 80 per cent of the approved drugs
examined in this study do not provide important additional value versus existing treatment
alternatives. This empirical finding strengthens our argument that drug novelty alone does
not conclusively indicate whether a drug will deliver extra therapeutic value. Consequently,
assessing the comparative therapeutic value of a new drug is critical when assessing its
innovativeness. The German HTA method is more appropriate than Priority Reviews to
assess therapeutic drug value because it always requires a comparison of the new drug with
an existing drug. This is not always the case for Priority Reviews because to get a Priority-
Reviewed drug approved by the regulatory authority (FDA), it is not necessary to provide
evidence of clinical superiority of the new drug versus already available treatment options.
Moreover, the comparison of the measurement results of the two methods (NME+ HTA
versus NME + Priority Reviews) shows an important inconsistency between them; thus,
both measures cannot be interchanged with each other because they lead to very different
measurement outcomes.

Having discovered the utility of the combined NME+ HTA approach, we then demon-
strate the validity of this newly developed measure. We also examine the relative impor-
tance of the two indicators that make up this method. We find that radical drug innovations
are more strongly characterized by the therapeutic value of a drug (as assessed by the Ger-
man HTA approach) than by drug novelty/NME. This raises the question of whether the
novelty/NME indicator could be removed from our recommended measure of radical drug
innovation, which would be an important departure from the theoretical framework dis-
cussed earlier in this paper. However, one potential explanation for the lower significance
of the NME indicator argues against removing NME from the measure: Pharmaceutical
science and technology evolves by “quantum jumps, which are followed by periods of less
adventurous steps along the established pathways” (Achilladelis and Antonakis 2001, p.
550). For example, one of these quantum jumps was the discovery of recombinant DNA
technology in the 1970s, which led to the foundation of the biotechnology industry, which
in turn has brought forward many biological drugs with important therapeutic value. As
such, it is likely that the significance of drug novelty becomes more relevant over longer
periods of time. The lower significance of the NME indicator in the current study may be
explained by the fact that all 147 drugs entered the market between 2011 and 2016, and
thus are all probably based on similar technology platforms. We believe that the NME clas-
sification will be likely to play a more significant role for these drugs over time, and hence
that the novelty/NME indicator should remain part of our recommended measure of radical
drug innovation.

Limitations

As any other, this study is not without limitations. First, innovations were classified into
dichotomous categories of radical or incremental innovations, while innovations might be
better treated as a continuous variable (Green et al. 1995). However, the fundamental meas-
urement issue addressed in this paper needs to be rectified before fine-tuning the meas-
urement method on a more precise level. Second, the newly developed measure of radi-
cal innovation is based on Germany’s HTA process. However, the German HTA system,
specifically the early benefit assessment that was used for the measurement model, was
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only recently introduced (in 2011) and has been subject to some methodological criticisms
(Herpers and Dintsios 2018). For example, HTA examines a new drug’s clinical patient-
relevant outcome data such as morbidity, mortality, safety, or quality of life (Schlette and
Hess 2013). Conflicting opinions exist, though, about the relevant endpoints for different
diseases. For instance, the German early benefit assessment considers overall survival as
an endpoint for anti-cancer drugs, while Dabisch et al. (2014) argue in favor of progression
free survival (i.e., survival time of patients without advancement of their disease) as an
endpoint instead. Moreover, critics have raised concerns about how the Federal Joint Com-
mittee (G-BA) selects comparator drugs for the early benefit assessments (Leverkus and
Chuang-Stein 2016). For example, sometimes the G-BA chooses comparator drugs that
are different from those used in clinical development trials for the new drug or they select
comparators that differ from those that were used by other HTA bodies in Europe, which
disallows comparisons across countries. Moreover, due to the lack of a benefit assessment
(primarily because of low sales), 130 drugs had to be excluded from the original data set.
This may further narrow the generalizability of the findings to drugs that have moderate to
strong sales. Finally, we had to exclude 16 drugs because they had no patents associated
with them.

Suggestions for future research

This study highlights the importance of an appropriate measurement model and pro-
poses a potential new measurement method in an effort to further advance the under-
standing of radical drug innovation and to inspire additional research on the topic.
Additional research is needed to more comprehensively assess the utility of the HTA-
based measurement model with regard to assessing radical drug innovations. This study
suggests a need for additional research using the new measurement model to examine
the antecedents and outcomes of radical drug innovations, contrasting findings with
previous research that was based on different measurement methods. The current study
is an important reminder that the field requires appropriate construct definitions that
are in line with current practice and that are directly linked to measurement methods,
which need to be validated. Having an appropriate measurement model will provide the
foundation to further advance the understanding of radical drug innovation. As Bagozzi
et al. (1991, p. 421) remind us: “To bring rigor in research, it is therefore, essential
for the researcher to first establish an evidence of construct validity before testing the
theory.”
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