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ABSTRACT

The tremendous achievements of life sciences research in the last 40 years have brought relatively little improve-
ments to medical practice, suggesting a deficiency of the medical innovation system in capitalizing on these fun-
damental advances. We argue that a major cause of the poor innovative performance is the slow adaption of the
scientific system to the novel research technologies made available by the progress in the life sciences - rather
than resistance of practitioners. We interpret the changes in the organization of medical research through the
lenses of the theory of New Sciences, which puts forward that the application of novel research technologies pro-
motes new epistemological and methodological approaches to the investigation of complex phenomena, increas-
ing interdisciplinary intellectual exchanges. In oncology, Translational Research, that embodies the features of a
new science, coexists with the standard model of knowledge production in clinical medicine. Our comparison of
the two approaches finds that Translational Research allows investigations across diverse and cognitively distant
knowledge bases, thanks to the intensive use of research technologies that emerge from fundamental research.
Unlike standard studies, the scientific impact of translational studies benefits from the adoption of an interdisci-

plinary approach. However, translational studies have an overall lower impact than their counterpart.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

An effective governance of medical innovation systems is a critical
issue for policymakers in many countries — both in the developed and
developing World - given the trends of increasing costs of healthcare
provision, ageing population, escalation of technological interdepen-
dency, and intensification of science-industry linkages (Faulkner,
2009; Nicolini, 2010; Ryan, 2010; Peine et al., 2015). Indeed, medical in-
novations are the outcome of the co-evolution of different cognitive and
institutional domains, such as fundamental biomedical science, clinical
practice and medical technology (Gelijns and Rosenberg, 1999;
Metcalfe et al., 2005; Morlacchi and Nelson, 2011; Nelson et al., 2011;
Consoli and Ramlogan, 2012; Rafols et al., 2014; Kukk et al., 2015).
Some studies have shown how advances in the treatment of specific dis-
eases and the introduction of novel approaches, such as personalized
medicine, have been based on novel combinations of medical technolo-
gies with clinical practices and fundamental research (Amir-Aslani and
Mangematin, 2010; Tierney et al., 2013; Coccia and Wang, 2014; Faulk-
ner, 2015). However, the great expectations brought by the so-called
“biotechnology revolution” are still largely unmet. In the last four de-
cades, basic life sciences have attained unprecedented achievements
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and have generated an entirely new class of research technologies, i.e.
novel tools and instrumentation to be used in the process of knowledge
production, generating expectations for disruptive changes in a broad
range of sciences and industries; despite these advances, the ability of
the medical innovation system to generate new and more effective
drugs, devices, diagnostics and therapies has been poor (Henderson
et al,, 1999; Moran, 2007; Hopkins et al., 2007).

One explanation for this disappointing performance rests in the
delay of the biopharmaceutical industry in identifying suitable business
models and in shaping innovation ecosystems favorable to the exploita-
tion these new technologies (Sabatier et al., 2012; Lehoux et al., 2014;
Kukk et al.,2015). We argue that an equally important reason why med-
ical innovation has progressed relatively slowly - if compared to the
great opportunities disclosed by fundamental advances - is to be
found in the “science side” of the system.

The availability of novel and more powerful research technologies
and the policy pressures demanding an increase in productivity of the
medical innovation system, have brought to the emergence of the
new field of Translational Medicine. Advocates of Translational Medi-
cine claim that the medical innovation would benefit from insights
brought by an intensification of interdisciplinary linkages, the systemat-
ic utilization of clinical insights in basic studies, and the prioritization of
the solution of patients' problems - rather than disciplinary priorities —
in the life sciences research agenda (Marincola, 2007; Sablinski, 2014).
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Translational Medicine attracts great interest both within the scientific
community and among policymakers, who highlight it as a key strategy
for scientific progress in the medical sciences (Grimes, 2011; McLeod
et al, 2011; van der Valk et al,, 2011; Douglas et al., 2014).

The aim of this paper is to gain insight in the model of knowledge
production of Translational Medicine, compared to the “standard” ap-
proach that consists in clinically-driven studies that marginally rely on
fundamental research; specifically, we compare the two approaches in
terms of reliance on novel research technologies, creation of cognitive
linkages across disciplines, and drivers of impact on the advance of
medical sciences. We take as our case breast cancer research, where
the translational approach is particularly prominent. However, also in
this field, the “standard” model of research is widely employed and pre-
sents limited intellectual exchanges with the translational community
(Cambrosio et al., 2006; Jones et al.,2011). For these reasons, breast can-
cer research is a case that allows the translational and the standard ap-
proaches to be rigorously compared. Our study is designed to capitalize
on this methodological opportunity.

We address these issues taking the theory of the “new sciences” as
conceptual reference. The “new sciences” that emerged during the last
decades of the 20th century, such as life-, nano- and computer sciences,
exploit new and powerful research technologies that allow scientists to
investigate the elementary building blocks of extremely complex phe-
nomena such as the human body and its diseases. Systematic applica-
tion of these research technologies gives rise to a unique model of
knowledge production (Bonaccorsi, 2008, 2010). The concept of “new
science” is used increasingly to gain insights into the features of inter-
disciplinary fields (e.g. Jansen et al., 2010; Lepori, 2011; Heimeriks,
2012; Heimeriks and Leydesdorff, 2012; Horlings and Gurney, 2013).

We contribute to this debate by offering one of the first empirical
tests of the theory based on fine-grained comparison of the research
conducted in the same medical field according to the principles of
new and established sciences. In this way, we bring to light some of
the micro-level mechanisms producing tensions and delays in the ac-
ceptance of new scientific paradigms (Lakatos and Musgrave, 1970).
In particular, our finding that translational studies are systematically pe-
nalized in terms of impact on subsequent research compared to stan-
dard studies adds insights on why scientific communities are slow in
adopting interdisciplinary approaches. We suggest that science-
internal hindrances represent a major cause of the scarce efficacy of
the medical innovation system.

Furthermore, our study contributes to the more general literature on
the economics of innovation and technological change, by giving new
light on the effect of technological development on the dynamics of sci-
ence. Studies on the effects of technology on science highlight that re-
search technologies bridge scientific and industrial communities,
underpin the emergence of new professional groups and shape new
models of collaboration across existing disciplinary boundaries (De
Solla Price, 1963; Rosenberg, 1992; Stokes, 1997; Joerges and Shinn,
2001; Shinn, 2005; Meyer, 2007). This paper relates the use of research
technologies to the differences in the institutional and epistemological
dynamics of science, as it shows that only translational studies make
an extensive use and contribute to the development of knowledge in
the fundamental fields that generate novel research technologies.

The remainder of this paper is organized as follows: we start by de-
fining the theoretical framework from which we derive our hypotheses.
After presenting our research design and data, we test the hypotheses,
and then discuss our findings.

2. How research technologies stimulate scientific change
2.1. Research technologies and New Sciences
Scientific instrumentation plays a dual role in the process of knowl-

edge production: first, it provides researchers with the technical tools to
carry out investigations by enabling the collection and analysis of

empirical data; second, it opens up the possibility of investigating new
phenomena, thus paving the way to epistemic change (Rosenberg,
1992; Collins, 1994). The literature on research technologies empha-
sizes the contribution to epistemic change brought by research tools
that emerge from advances in fundamental research. Research technol-
ogies offer sets of methods, techniques, standards, and associated con-
cepts that can find application in various settings across disciplinary
boundaries. Furthermore, they offer substantial improvements in com-
puting power, accuracy, and precision of research tools (Shinn, 2005).
Research technologies have been studied mainly from a sociological
perspective which looks at how they are invented, their circulation
across geographic and institutional settings (primarily, industry and ac-
ademia), and their contribution to the reconfiguration of occupational
groups across disciplines (Joerges and Shinn, 2001). Recently, they
have been proposed as a major factor underpinning the emergence of
a class of “new sciences” representing a model of knowledge production
that is radically different from that of the established sciences
(Bonaccorsi and Thoma, 2007; Bonaccorsi, 2008, 2010; Bonaccorsi and
Vargas, 2010).

The theory claims that, following an established tradition in the core
disciplines of natural sciences, "new sciences" are predicated on reduc-
tionist reasoning, especially in terms of methodological stance; howev-
er the application of a reductionist approach to complex phenomena
(such as the human body or diseases) leads, differently from established
sciences, to the proliferation of theories, each addressing different levels
of analysis of the phenomenon (e.g. the gene, the molecule, the organ) -
typically corresponding to a scientific field. The New Sciences' attempt
to understand also the linkages between theories and observations de-
veloped within each of scientific fields. For this reason, a key feature of
new sciences is the establishment of cognitive and institutional comple-
mentarities, defined respectively as the integration of knowledge devel-
oped in heterogeneous disciplinary areas or in multiple institutional
settings, such as academia, industry and medical practice. The creation
of systematic linkages among concepts and phenomena at the interface
between different levels of analysis is a driver of the emergence of novel
areas of research that does not imply a weakening of disciplinary
boundaries, but rather an increase in the knowledge flows among disci-
plines (Bonaccorsi, 2008; Bonaccorsi and Vargas, 2010).

2.2. Translational Medicine as a new science

Translational Medicine can be regarded as an example of a new sci-
ence because it relies on the exploitation of novel research technologies,
embraces a reductionist research strategy, and progresses by establish-
ing connections among concepts, methods and insights relative to dif-
ferent disciplines by means of research technologies based on
fundamental life sciences and computer sciences (Bonaccorsi, 2010).

Traditionally, the cognitive exchange between clinical medicine and
the fundamental life sciences has been limited; in fact, medical practice
has advanced through cumulative learning on the functioning of specific
organs or diseases, or through the systematization of empirical informa-
tion on patients, without clear guidance from theoretical principles. One
of the reasons for the limited reliance of clinical studies on fundamental
theories is recognized in the organization of medicine around tight dis-
ciplinary specializations defined by diseases (Nelson et al., 2011;
Thagard, 1999; Bonaccorsi, 2010). This applies also to the case of Oncol-
ogy, which is organized in sub-disciplines defined by the different types
of cancers.

However, the many interrelated factors affecting the objects of anal-
ysis of clinical research - the patient, the organism, the organ - impede
the identification of causal explanations of phenomena addressed by
distinct disciplines. For instance, in oncology, advances in our under-
standing of the disease may come from the integration on information
on how social or environmental factors affect the mutation of the
genes responsible for the occurrence of the disease, that is produced
in distinct disciplinary domains - molecular biology, biochemistry,
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