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Introduction

The productivity of research and development (R&D) in the vaccine development industry is
declining (1-3). Timelines have consistently increased, development costs have risen and
market values for vaccines have dropped (4-6). These developments translate into a
“productivity gap”, with insufficient release of new products, the hampering of current research
practices, and ultimately failure to solve unmet medical needs (7-9).

The existence of market failure for R&D, and specifically for R&D in the context of emerging
infectious diseases, has long been acknowledged. These diseases have insufficient market size
and ability to pay and therefore the return on investment is limited (10). As a result, many large
pharmaceutical companies have abandoned their development programs against infectious
diseases (11).

In sum, these developments threaten the ability to respond quickly to emerging pathogens. (12-
14). Currently the world is facing one such emerging pathogen; SARS-CoV-2. Considering the
immense societal damage it is causing globally, the need for quick vaccine development is
higher than ever before (15, 16). Rethinking the mechanisms through which to engage public
and private stakeholders is thus of the essence (17).

The basis for many calls for reform is the ambition to strengthen collaboration between different
stakeholders, based on the core principles of open innovation (18-20). This openness, however,
is difficult to establish in a system that is rooted in inherently conflicting institutional norms
and incentives, as well as legislative restrictions and ambiguities in regulatory frameworks that
hamper stakeholders from engaging in an open manner (17, 21-24).

Since persistent problems are embedded in the system, addressing these problems cannot occur
without system innovations (25). Here we build upon the theory of transitions research to
understand how persistent barriers are embedded in the system of vaccine development. We
adopt a root-cause analysis approach to distinguish symptomatic from systemic barriers (26),
and use data collection at three time points to understand the transitions occurring in this system.

Theoretical framework

Building upon the multi-level perspective (27), the socio-technical regime of pharmaceutical
innovation is characterized by large, incumbent pharmaceutical companies who take the lead
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in the final development steps and marketing of new medical innovations (28). This regime has
been effective in addressing the issues of the past, resulting in the development and market
introduction of many vaccines that address previously unmet medical needs.

However, as evidenced by the appearance of a range of persistent problems, the configuration
of subsystems is not well suited to address current challenges. Society calls for the availability
of effective countermeasures, and is at the same time increasingly hesitant to accept vaccines
(29, 30), developers experience a productivity gap, while at the same time feeling responsibility
for addressing society’s most unmet needs (31), governments contemplate compulsory
licensing to ensure access to medical countermeasures developed in their territories (32), and
regulators are pressured to ensure rigorous evaluation of clinical trial dossiers in a timely
manner (33).

Crises are driving forces for transitions and transformations (34), and destabilization of a socio-
technical regime generates windows of opportunity for niche-innovations (27). And indeed, the
current covid-19 crisis can be seen as a driving force from the exogenous context for the
adoption of practices and structures that are different from the dominant socio-technical regime.
Moreover, innovation policies that support the development of covid-19 medical
countermeasures are in line with efforts previously made in niche experiments: large-scale
governmental funding (35), engagement of public and private stakeholders (36) calls for
equitable access and distributive justice (37-39) and reciprocity (40).

Building upon the radical nature of the reform introduced by the pandemic (41), we might see
that the dominant culture of the regime will change as well, unlike in earlier reforms to the
health system (42). Also, previous emerging infectious disease outbreaks show that familiar
barriers remain hard to overcome (43). The current pressure on the innovation ecosystem is thus
an exquisite opportunity to study the intricacies of this complex problem, as such problems are
best understood when changes are made to the system (27).

Innovation barriers are key to defining the limitations of socio-technical regimes, as they result
from structural properties of social systems (44). This study therefore investigates how
innovation barriers changed pre-covid and during covid to understand whether the system is
indeed in transition.

Methods

This mixed-method study builds on a uniquely compiled dataset of vaccine innovation barriers
identified before the onset of the COVID-19 pandemic (April-June 2019), a quantitative
prioritization of those barriers at the top of the crisis (April-June 2020) and a qualitative
identification of innovation barriers that are likely to persist beyond the covid-19 pandemic
(March-May 2021).

Vaccine innovation consists of a number of distinct but closely interrelated sub processes that
need to align for successful innovation (45). Typically, different actors are active in each of
those sub processes, and thus identified obstacles can be external or internal to each actor (46).
Data collection therefore draws from actor perspectives across the vaccine innovation cycle, to
gain insight into which barriers are related to institutional arrangements, and which are a result
of interfering actions of other stakeholders. Distinguishing between systemic barriers and their
underlying causes through a root cause analysis, then facilitates insight into whether the system
is indeed transitioning to a state better adapted to future challenges, or whether the underlying
problems are not addressed (26, 47).
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Qualitative interviews with 21 Key Opinion Leaders, influential and knowledgeable individuals
within the extensive and rapidly changing field of vaccine development, took place between
April-June 2019. The semi-structured interview design consisted of a topic list containing four
sets of questions: 1) experiences on development timelines in the last 10-15 years, 2) identifying
delaying steps in the vaccine development process, 3) possible solutions to the described
bottlenecks and 4) confirmation of all perceived barriers and additional comments. For each
identified barrier follow-up questions were asked to establish cause and effect and determine if
the KOL could identify any opportunities that could address the barrier.

After thematic analysis of transcribed interview recordings, a root-cause analysis was
performed to identify causal links were identified between innovation barriers (7, 48-50). This
resulted in the deduction of key barriers and their causal factors.

92 responses to an online questionnaire (response rate 15%, after data cleaning 11%) provided
insight in the impact of the barriers on vaccine development timelines (7-point Likert scale),
and on the three most impactful barriers on general, and on covid-19 vaccine development in
particular. Mean scores of the Likert-scale impact-ratings across all barriers for the non-
pandemic vs. covid-19 situation were computed and tested against each other in a paired
samples t-test.

The post-covid dataset compiles of 20-25 semi-structured interviews (in progress) with KOLs
between March and May 202 1. The aim of the interviews was to gain insight into which changes
are likely to continue post-covid, as a means to understand whether interventions in innovation
policy incorporated during the covid-19 pandemic to stimulate innovation, are likely to become
embedded into the socio-technical regime of pharmaceutical innovation.The interview design
consists of the topics: 1) identification of innovation barriers that will persists after the
pandemic, 2) identification of innovation barriers that will arise or arose during the pandemic,
3) interviewees’ experience on the development of possible solutions to these barriers and 4)
confirmation of all identified barriers and additional commentary.

Interview data on anticipated post-covid innovation barriers was analyzed in a similar manner
as the pre-covid interviews. Subsequently, a comparative analysis between pre- and post-covid
innovation barriers was made, and viewed in light of proposed innovation and transition
policies.

Results

The root cause analysis of pre-covid barriers resulted in the identification of 20 key barriers.
Key barriers impact nearly all phases of vaccine development. The area that is impacted by
most barriers starts at late stage preclinical and ends at the phase 3 clinical trials.

Innovation barriers identified pre-COVID-19 related to ‘Limited ROI for vaccines addressing
disease with limited market size’, ‘Limited ROI for vaccines compared to non-vaccine
projects’, ‘Academia not being able to progress beyond proof of principal’. Importantly, many
of such barriers relate to difficulties in collaboration networks.

Prioritization of barriers in comparison to those relevant during COVID-19 showed that the
aforementioned barriers as well as the required knowledge base was lacking, due to lack of
investments in earlier outbreaks. The two most impactful barriers during general vaccine
development, that relate to a limited ROI, were barely mentioned as one of three most impactful
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during covid-19. Also, the barrier ‘High risk to upscale manufacturing of yet unlicensed
vaccine’ was prioritized by respondents.

Initial interviews for the post-covid dataset highlight the increased attention for onshoring of
manufacturing capacity as well as a reduction in dependency on foreign supply chains. In
addition, solutions to ‘Limited ROI for vaccines addressing disease with limited market size’,
‘Limited ROI for vaccines compared to non-vaccine project’, and ‘Academia not being able to
progress beyond proof of principal’ are proposed as well as measures to counteract the lack of
required knowledge base.

Discussion

This study shows a clear difference in KOL perception of barriers hampering timelines in
general vaccine development in contrast to a markedly different set of barriers being specific
for covid-19 vaccine development. By linking the findings of this study to the theoretical
framework of transitions, the covid-19 pandemic provided a unique opportunity to see this
transition of the system in action, as indicated by a shift in both symptomatic and systemic
innovation barriers.

The covid-19 pandemic is expected to lead to increased interest and expected implemented
policy changes in digital technologies for medical innovation, organizational collaboration
while simultaneously sparking a trend towards self-dependency on vaccine development,
manufacturing and deployment through supply chains. At the same time, Key Opinion Leaders
see an increased trend towards collaboration, supported by novel technologies (16).

While innovation policies and transition policies are not always compatible (51), alignment can
occur when innovation policies contribute to larger system transitions, especially when regime
changes do not require phasing out of existing industries (52). Such is the case in the current
covid-crisis, where actors engaging in this changed approach are not only those that have been
supporting novel approaches before, but explicitly also large incumbents (36).

Despite these clear changes and alignment, it remains to be seen whether these changes will
remain in place after the covid-19 pandemic. Proposed measures to embed the changes into a
transitioned socio-technical regime will be discussed. The paper thereby informs transition and
innovation policy.

By focusing on Key Opinion Leaders and building upon data saturation, the current study
provides a clear overview of the main issues in the transitioning landscape of vaccine
innovation. Nevertheless, niche actors can have diverging opinions or perceptions which are
not necessarily included in this research. Future action-guided research should therefore focus
on the implementation of the identified changes and lessons from this research.
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THE EMERGENCE OF DEEP LEARNING IN COLLABORATIVE DIGITAL
INNOVATION. AFRAMEWORK AND THE CASE OF MEDICAL IMAGING
DIAGNOSIS OF COVID-19

David Barbera, INGENIO (CSIC-UPV), Spain, jobarto@ingenio.upv.es

Deep learning has the potential to transform fields such as genomics or materials science,
where collaborations between experts and computer scientists may be altered by this
emergent technology (Cockburn, Henderson and Stern, 2018). This paper proposes a
framework for understanding the impact of deep learning in the field of digital medical
imaging, where collaborations between radiologists and computer scientists from
universities, companies and hospitals have raised high (and, so far, largely unsuccessful)
expectations over the last three decades about the development of computational models
that radically change diagnostic practice (de Jong et al., 2017). To illustrate the model we
will use the case of the development of deep learning tools to detect Covid-19 and which
have been implemented as a useful tool for patient triage and complementary support to

PCR diagnosis in some countries such as China.

Our framework is based on the proposed concepts of logics of data control and deep
learning affordances. The concept of logics of data control comes from the literature of
institutional logics, defined as the set of values, practices and rules governing action in
organizational fields (Friedland and Alford, 1991). Data control logics refer to the set of
values, practices and rules that govern access to data in the field of digital innovation
(Hinings et al., 2018; Hilgartner, 2017). Logics of data control can be "activated" by a
new digital technology (such as deep learning) thanks to the "affordances™ that emerge
from the interaction between humans and technologies (Faik et al., 2021). The concept
of affordances has been developed by Information Systems literature and refers to the
"possibilities for goal-oriented action that an actor or group of actors perceive in a
technology as they engage with the materiality of its artifacts” (Marcus and Silver, 2008;
Leonardi, 2011). We adapt this concept from information systems to account for the
affordances related with the emergence of deep learning. The relationship between
affordances and logics is non-deterministic: logics may not be activated if the affordances

are not consistent with the actors' goals.



We will illustrate the model with the case of the emergence of deep learning in digital
medical imaging. Digital medical imaging has been developing since the 1990s, without
much impact on clinical practice. In this field, radiologists from various specialties and
computer scientists working in universities, hospitals and start-ups (sometimes of
academic origin) collaborate to design algorithms capable of diagnosing and predicting
the evolution of various diseases. Until the advent of deep learning, radiologists have
played a key role in the collaborative process, both in data acquisition and analysis:
acquisition and analysis were part of the same data stream (Hilgartner and Brand-Rauf,
1991). The logic of data control in this organisational environment is that of expert
control: data are not commercialised or openly distributed but are shared in collaborative
projects between consortiums of hospitals, universities and companies, usually led by

radiologists.

The emergence of deep learning in this field has revealed two interrelated affordances:
the elimination of the need for radiological expertise in data analysis and the
simplification of radiologists' intervention in data acquisition, which now only needs to
be "labelled", a task that is often part of routine radiological practice. These affordances
can activate data control logics other than expert control, as the case of Covid-19 shows.
Since the beginning of the pandemic, numerous groups of computer scientists have taken
advantage of these affordances to activate the logic of open access to data. Instead of
creating collaborative projects, these groups simply had to use the numerous open
databases tagged according to the existence and degree of infection created by various
institutions during the crisis to train and test their algorithms, which have proven to be

highly accurate.

Research groups and companies that were previously part of the organisational fields built
around innovation in medical imaging have also used deep learning to develop algorithms
to identify Covid-19. But these other initiatives have not taken advantage of the
affordances of deep learning and have maintained the pre-existing expert control logic in
this field: these projects are organised around consortia of hospitals and companies, where
data is shared among consortium members but not open to the general public. We
conclude discussing general propositions from our model which could be tested using
guantitative analysis of co-authorship of scientific articles and patents published

collaboratively by groups in hospitals, companies and universities in this field.



Propositions will compare patterns of collaboration before and after the emergence of

deep learning in the field.
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Title: Mobilizing knowledge for science and innovation: a multi-criteria approach for the
analysis of scientific impact of research collaboration processes through biomedical research
networks

Hannia Gonzalez-Urango; Pablo D’Este; Rocio Poveda Bautista; O. Llopis, A. Arias Diaz-Faes.

There is increasing evidence that the search for solutions to technological, social and economic
problems requires collaborative ties between different type of actors: scientists, technology
and business practitioners, civil society (among others). Analysis of these types of networks
and collaboration processes represents a line of strategic research in current science and
innovation studies (EC, 2012; Owen et al., 2012).

Hence, we draw on the argument that greater network cohesion is crucial to elicit effective
learning processes in research networks consisting of highly diverse actors. We argue that
there is a poor understanding about the specific type of mechanisms that promote effective
exploitation of the complementarities of network diversity, to jointly achieve considerable
scientific and societal impact. This is particularly the case concerning research networks
consisting of highly heterogeneous actors, when complementarities among partners as well as
the coordination challenges involved might be greater. This discussion motivates our research.

The specific setting for our proposal is the biomedical research context. The biomedical
context allows us to address the multiple dimensions of actor heterogeneity, and the analysis
of processes that contribute to bridging translational gaps between knowledge generation and
application.

The focus of this study is a research group participating in one of the most prominent support
platforms for translational biomedical research in Spain: Centros de Investigacion Biomédica en
Red (CIBER). This is one of the main publicly funded initiatives to support research excellence
and translational research in Spain (CIBER, 2006). This initiative embraces a wide range of
research projects covering many different types of diseases and pathologies which are critical
from the viewpoint of their impact on healthcare. The proposal aims to investigate how the
scientific research network of this group operates to deliver both scientific discoveries and
applicable results.

We propose the use of a multi-criteria approach (Saaty, 2010) to model the interaction
processes of this group with relevant and diverse actors. These interaction processes will be
grouped in components corresponding to distinct research phases from basic to clinical
research stages. The approach will be used to analyze the influences that exist between these
processes of interaction within and among applicable research results.

This will allow complementarities to be identified between interaction processes that foster
cohesion among network participants. The influence analysis will identify the mechanisms of
scientific collaboration that contribute to greater network cohesion, and how much they
should be encouraged to coordinate actor diversity in research networks.

The multi-criteria approach involves a decision model that comprises a selection of decision
criteria (network elements) and their grouping into components, and analysis of the influences
among the elements and components of the network.

The network elements will be derived from semi-structured interviews conducted in a previous
phase of the research methodology. The interviews based on the research phases, will provide



information on the interaction processes that respondents (researchers and stakeholders)
identified as relevant for strengthening cohesion in translational research collaborations. We
use all the researchers and stakeholders involved in processes of interaction that contribute to
network cohesion. These stakeholders will include researchers, physicians, patient groups, and
representatives of companies or other organizations. For the influence analysis among the
elements of the network, we will prepare a questionnaire comparing pairs of interaction
processes with dependency relations. This questionnaire will be administered face-to-face to
experts selected after analyzing the case studies interviews. The experts will be asked about
the interdependence relationships among all the network elements, and to respond to the
pairwise comparisons of interaction processes in order to assess the degree of influence of
each interaction process on some other process in the context of knowledge generation
performance.

The results seek to discuss the benefits and advantages of linkages between different actors in
a biomedical network and how they can be usefully conceptualized to inform future and
address current and future research that wishes to have a clear impact on societal challenges.
This is particularly important in times of crises.



	Abstract_EUSPRI_110
	Introduction
	Theoretical framework

	Eu-SPRI_2021_paper_93
	Eu-SPRI_2021_paper_232

