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Chapter 1

1.1 Stakeholder inclusion in healthcare innovation

Policies, in particular for health, are seldom de facto evidence-based but in the vast majority of cases
outcomes of diverse factors, such as personal values, political pressures by constituents, peers and
advocacy groups, and experiential, anecdotal and scientific evidence, compounded by complex and
opaque policy-making procedures (Brownson et al., 2009). This can, problematically, adversely affect
health and social services, and other important government functions, while negatively impacting
constituent trust in officials – this is particularly visible in the occurrence of catastrophic events, such
as the currently ongoing Covid-19 crisis (Sturmberg et al., 2020). Downstream, various authorities are
charged with implementing different health policies and healthcare functions, ideally without signif-
icant political interference. Over recent decades, health system scholars and health economists have
devised new methods to evaluate new or existing health measures (health innovations) in an effort to
select those innovations that maximise the benefit and minimise expenditure for health systems and
pressure on healthcare budgets, and reject or decommission those interventions that do not (Drum-
mond et al., 2015). Although health economic assessment has become a cornerstone of intervention
evaluation, there exists recognition that the effectiveness of health measures and thereby the accrual of
societal benefits, and improvement of equity and decision accountability can be highly dependent on
the degree of involvement of various relevant stakeholders (Daniels et al., 2016; Jansen et al., 2018; Ver-
guet et al., 2016). Failure to assess and consider a broad evidence base in pertinent decision procedures
can unnecessarily lead to diverse adverse effects, such as the adoption of ineffective interventions or
those that cause harm and/or postpone otherwise more appropriate health management measures.
Importantly for this work, not properly eliciting and incorporating stakeholder needs and prefer-
ences in all health innovation activities can lead to inter alia inadequate interventions, waste of health
innovation resources, misaligned incentives, social resistance, loss of confidence in health authori-
ties, and ultimately lost opportunities to manage disease, suffering and adequately meet healthcare
demand (Drummond et al., 2015; Oliveira et al., 2019; Pichon-Riviere et al., 2017).

However, as health systems are highly complex entities, proper inclusion of diverse stakeholders and
their needs and preferences in innovation processes is a highly challenging task. The sheer number and
diversity of considerations related to inter alia healthcare target populations (e.g. public, community,
individual), healthcare applications (e.g. vaccines, surgery, gene therapy), stakeholders (e.g. patients,
healthcare professionals, regulators, academia & innovators), decision procedures (e.g. resource pool-
ing, marketing authorisation, market access), innovation processes (e.g. research and development,
IP protection, marketing) is staggering (Greenhalgh & Papoutsi, 2018; Movsisyan et al., 2020). Im-
portantly, the challenge of including stakeholder considerations not only applies to governmental
health system-related organisations setting priorities and making introduction and reimbursement
decisions but also to academic and private sector institutions, healthcare professionals, patient or-
ganisations and medical societies, etc (Drummond et al., 2015; Van de Burgwal et al., 2018a). Although
an ever-growing body of evidence is exploring different options to facilitate and improve stakeholder
inclusion, implementation progress can be slow or inadequate (Jansen et al., 2018). Therefore, this the-
sis explores – across a diverse set of healthcare applications – how to practically improve healthcare
innovation and address unmet needs by utilising stakeholder involvement and reducing information
asymmetry in the design, testing, evaluation and utilisation of (new) health technologies. The follow-
ing main research question guides this work:

“How can stakeholder inclusion and input in healthcare innovation be improved?”
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Introduction

1.1.1 Stakeholder inclusion in vaccine introduction decision procedures
As alluded to above, stakeholder inclusion in health care innovation is a complex undertaking. In this
thesis, we therefore set out to understand stakeholder inclusion across different healthcare functions,
sectors and value dimensions. First, we argue that the type of engagement that sorts the most bene-
fits is dependent on the health measure under consideration. For population-based interventions, like
vaccines, we explore how inclusion can lead to increased consensus on decision criteria employed by
national/regional vaccine evaluation bodies, e.g. National Immunisation Technical Advisory Groups
(NITAGs). Although vaccines have been widely recognized as one of the most cost-effective and suc-
cessful public health measures, currently, vaccine innovation is struggling with innovation barriers,
including a complex regulatory landscape, requiring not only extensive safety and efficacy data, but
also in-depth cost-effectiveness studies. These evaluation criteria do not necessarily convey the in-
terests of the affected stakeholders (Bärnighausen et al., 2014; Standaert & Rappuoli, 2017). There
thus is a need to understand how these interests can be included in evaluation criteria. Study 1 and
2 investigate this dimension. The next section discusses the context and problem statement for these
two studies.

Over the past century, public health measures have been highly successful at sustainably reducing
avoidable harm at the individual and population levels (Weeramanthri & Bailie, 2015). Besides ethi-
cal and normative justifications of protecting individuals and entire populations thereof from unnec-
essary harm, public health measures have led to substantial benefits. These include increases in life
expectancy, changes in population structure and growth, and, in consequence, increases in education
attainment levels and associated socio-economic benefits (demographic dividend), and improvements
in health system resource allocation and political stability (Bärnighausen et al., 2014; Bloom, 2015).
Public health measures include a broad spectrum of, in relative terms, low-cost medical (e.g. vaccines
against infectious diseases) and non-medical (e.g. seat belts) prophylactic interventions. They are in-
tended to limit the risk of harm to individuals of general, or specific above average at-risk, populations
(Fielding & Briss, 2006). Importantly, in addition to preventing unnecessary disease-related suffer-
ing, public health measures provide financial risk protection to individuals and groups thereof, as well
as to health systems and wider economies that can be adversely affected by the costs of remedying
large scale avoidable harm (Saksena et al., 2014; Suckling et al., 2003). Public health measures can be
‘passive’ in nature, such as those that do not necessitate individual behaviour change (e.g. sanitation,
provision of clean water), or ‘active’ policies which control behaviour and are typically compulsory
and enforced, such as sin taxes on unhealthy consumer products, gun control legislation, or smoking
bans (Weeramanthri & Bailie, 2015).

Vaccination which can be classified as passive and/or active depending on the context, is one of the
most cost-effective and successful public health measures and plays a critical role in significantly
reducing infectious disease incidence rates – most prominently by arresting transmission routes – and
has been instrumental in accruing many of the societal benefits as alluded to above (Koff et al., 2013).
Nevertheless, the introduction (and acceptance) of new vaccines has become increasingly challenging
due to a multitude of issues – times of crisis notwithstanding. First of all, bringing a vaccine to market
takes on average 10 years (and up to 30 years) at a substantial cost to the developer. Regulators are
charged with protecting target populations by reviewing safety and efficacy evidence and ensuring
that applicants have been duly diligent in testing new vaccines, and the risk of vaccine adverse effects
is sufficiently low to justify approval. Therefore, developers have to demonstrate high levels of safety
and efficacy typically tested against large (international) cohorts statistically representative of target
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populations in strictly controlled phase III trials, the costliest part of the development process, in
order to apply for regulatory approval (Heaton, 2020; The Lancet Child & Adolescent Health, 2019).

What’s more, in order for vaccines to be economically viable for developers, in most cases a new vac-
cine has to also be recommended for use in national immunisation schedules, which means that the
costs of acquisition and distribution are reimbursed, i.e. typically covered by public funds (Sharma et
al., 2019). Due to the accountability of officials for the purposeful allocation of public funds, which
have been provided to them to execute government functions, in this case risk-protecting their con-
stituents, officials must justify that they are getting ‘bang for the bucks’ they are allocating (Keohane,
2003). Therefore, developers are required to submit health economic dossiers that demonstrate the
equal or superior cost-effectiveness of new vaccines benchmarked against (potentially) existing in-
terventions, be they prophylactic or otherwise, or cost effectiveness thresholds, respectively (Sharma
et al., 2019). However, health economic models for vaccines are notoriously complex, in particular
because of manifold communicable disease/vaccination specific population:network dynamics and
their impact on vaccine effectiveness, such as but not limited to vaccine uptake (and the impact of
hesitancy), emerging pathogen variants/mutations, or general population behaviour – these factors
are, if at all possible, highly challenging to estimate, predict and quantify, and, in consequence, to
take into account. Also, modellers do not consistently report underlying assumptions and pertinent
parametrisation of their models further complicating matters (Steven Black, 2014, 2015; Jit et al.,
2013; Kim & Goldie, 2008; Marsh et al., 2012; Standaert & Rappuoli, 2017).

Regardless, priorities of medical decision bodies – for vaccines: national immunisation technical ad-
visory groups (NITAGs) – reflected in differential weighting of parameters within models (such as
annual discount rates, cost perspectives) and interpretation of modelling outcomes, can vary substan-
tially across jurisdictions and over time (Ultsch et al., 2016). For example, historically, the ability of
a vaccine to protect against a debilitating or highly transmissible infectious disease was considered
first, and its cost was of secondary decision importance. More recently, the cost-saving potential
of vaccines has been cited increasingly as an important decision rule, in some cases over and above
disease related criteria (S. Black, 2013). Even the current pandemic, caused by SARS-CoV-2, is an
insightful example of how the urgency of introducing as soon as possible an effective vaccine is also
driven by the fallout of SARS-CoV-2 on national economies (M. Kohli et al., 2021). However, in
an effort to complement cost-effectiveness and cost-minimisation studies and refocus vaccine eval-
uations on societal and long-term benefits of vaccination, Bloom and colleagues have, over the past
decade, conducted various research projects assessing and demonstrating considerable broad benefits
of vaccination (Bärnighausen et al., 2014; Bloom, 2015). By averting infectious diseases, consider-
able individual and community level benefits accrue, such as higher levels of education attainment
and employment productivity, translating at the aggregate level into increases in national welfare.
In 2015, Bloom reported that vaccination has an estimated return-on-investment (ROI) of 18-21%
which is similar to the level of the gold standard ROI to gauge national development, namely edu-
cation, which varies between 11% and 25% globally. These broader benefits are frequently not taken
into consideration in vaccine evaluation decisions (Bärnighausen et al., 2014; Bloom, 2015).

Importantly for the present argument, the perception that decision procedures are inclusive of af-
fected stakeholders, and corresponding outcomes are aligned with stakeholder needs, is of paramount
importance. Even when decision makers claim that decision outcomes have been informed by good
practice evaluation methods, if the decision outcomes do not reflect the interests of affected stake-
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holders, the procedures and decision makers can be perceived as inadequate and their decisions con-
tested. This can lead to considerable social costs, mistrust in the decision system under consideration
and stakeholder mobilisation (Frenk & Moon, 2013; Keohane, 2003). The fallout of the refusal (2013)
by the Joint Committee on Vaccination and Immunisation (JCVI) to include the first EMA-approved
Meningococcus B vaccine (4CMenB) on the UK’s national immunisation schedule, is a good example
of how decisions can lead to considerable stakeholder frustration and subsequent action (European
Medicines Agency’s Committee for Medicinal Products for Human Use, 2012a, 2012b). Although the
unmet need for a Meningococcus B vaccine – in particular, in the infant population – had been estab-
lished, the JCVI accepted as grounds for their decision a health economic assessment (HEA), which
had modelled an unfavourable cost-effectiveness ratio (Christensen et al., 2013; Joint Committee on
Vaccination and Immunisation, 2013). However, according to a variety of academics, the analysis
was based on inadequate assumptions regarding correlates of vaccine protection and therefore the
benefits of the vaccine had not been properly modelled. Dismayed parents, who formed a powerful
interest group, together with academics called for re-evaluation of the vaccine, which, under polit-
ical pressure, ultimately led to the execution of a new health economic analysis (Mekalanos, 2013;
Meningitis Now; Moxon & Snape, 2013). The updated HEA, which was based on more favourable
assumptions and a considerably lower price per vaccine dose, came to a cost-effectiveness ratio that
compelled the JCVI to recommend the inclusion of the vaccine on UK’s national immunisation sched-
ule (Christensen et al., 2014; Joint Committee on Vaccination and Immunisation, 2014). There exist
similar cases of vaccine introduction challenges, e.g. for the human papilloma virus vaccine in Aus-
tralia (Beutels & Jit, 2010). These are examples of what is sometimes referred to as post code lottery
– inequality in access to healthcare based on, for example, place of residence. Although post-code
lottery is an issue in high-income countries, it is significantly amplified for populations in low- and
middle-income countries (de Simone, 2019; Thomson et al., 2018; Witter et al., 2017).

To start to properly address the issues as alluded to above, broad consensus on a core set of deci-
sion criteria is needed that reflect the de facto benefit of vaccines of all affected stakeholders, or, if
there exists uncertainty regarding the broader benefits of a particular vaccine, at least counterbalance
bias towards cost considerations. As scientists and other vaccine experts/officials have the technical
knowledge, and are therefore in the best position to know which approaches/priorities are feasible,
efforts building consensus around a tentative list of core decision criteria of vaccine value would, ide-
ally, commence with their input. In a second step, the needs and preferences of other stakeholders
could be elicited and then, in a third step, compared, sanity-checked, negotiated and integrated.

1.1.2 Stakeholder inclusion in personalized healthcare delivery, innovation and ev-
idence generation processes
While vaccines are typically one-size-fits all interventions that have a primary effect at the popula-
tion level, the vast majority of medical interventions are focussed at managing health or disease at
the individual level. This, in turn, implies that the latter should be designed to be as personalised
as possible. We therefore explored how to (further) facilitate engagement of relevant stakeholders
with healthcare at the individual level, within the context of personalised care delivery and evidence
generation. We included not only an exploration of patient inclusion in clinical decision-making,
but also in innovation based on pervasive Point of Care Tests and modern trial designs that collect
relevant information to inform individual citizens, health care providers and innovators on how to
advance healthcare. Studies 3 and 4 investigate this dimension. The next section discusses the context
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and problem statement for these two studies.

Health interventions, be they medicines, medical devices, or indeed vaccines, historically were, and
mostly still are, designed for addressing diseases for the largest possible proportion of a target pop-
ulation under consideration (Gameiro et al., 2018). An extraordinary example of a one size fits all
treatment – that is still highly successfully utilised in modern medicine – is Aspirin: invented and
patented in 1852 and marketed by Bayer from the beginning of the 19th century, Aspirin was first
used as an analgesic and antipyretic, but currently is chiefly prescribed because of its antiplatelet
effects. When Aspirin was introduced, clinical trials investigated its analgesic effects in small-n stud-
ies, initially with eight cases (Maclagan, 1876), later with a few dozen study participants. Over the
past couple of decades, trials of Aspirin as an adjunct therapy for patients with cardiovascular disease
have included thousands of participants. This is due to the rigorous drug testing standards required
by modern clinical research and evidence-based medicine (EBM) practices (Bhatt, 2010; Claridge &
Fabian, 2005). An example of severe consequences of flawed scientific practice and inference, and lack
of independent oversight in the introduction of ‘health’ interventions, is Thalidomide; a drug initially
marketed in the 1950s and 60s (virtually worldwide) as an over-the-counter tranquiliser and, later,
prescribed as an anti-nausea remedy for pregnant woman. Thalidomide was deemed “absolutely safe”
by the manufacturer since extensive toxicity tests had not killed lab rats – unbelievable by contem-
porary standards. Its utilisation in pregnant women tragically resulted in severe, life-long congenital
defects in more than 10,000 individuals and, in consequence, the acknowledgement that a proper
approach to testing new drug entities, in particular regarding safety, was necessary at an accelerated
pace (Dally, 1998; Rehman et al., 2011). This and other cases not immediately, but ultimately, con-
tributed to the advent of EBM, and the standard assessment of new interventions in trials which are
(placebo-)controlled and involve statistically representative cohorts featuring the characteristics of
all intervention target populations, and the considerable strengthening of regulatory oversight (Sur
& Dahm, 2011; Thoma & Eaves, 2015). Currently, randomised controlled trials are the gold standard
for assessing safety and efficacy of new interventions (Bothwell et al., 2016).

Although the development of drugs that work for a general or specific target population might have
historically been the only option, or even contemporarily make sense from an economic standpoint,
most drugs do not work for a more or less significant number of individuals as genetic disposition
and other factors can vary substantially (McCallum et al., 2014). For example, a placebo-controlled,
randomised clinical trial testing the effect of Aspirin on migraine concluded that 48% of a sample of
409 participants did not respond to the treatment (Lipton et al., 2005). Although Lipton’s study lacks
statistical power, should the results nevertheless be more or less externally valid, Aspirin would actu-
ally relieve symptoms in ‘only’ circa 50% of the migraine population in the US (12%), this still amounts
to 23 million (United States Census Bureau, 2020), i.e. 6% of, individuals. Nevertheless, Aspirin will
likely not be a remedy for the other half. Even for more recent and modern types of interventions
that use genetic information and can be therefore considered somewhat personalised – such as im-
munotherapy for lung cancer – effectiveness rates are sobering: merely 15% to 25% of patients with
non-small cell lung cancer treated with immunotherapy survive for five years or longer (Garon et al.,
2019). In addition to identifying, if it exists, the right drug for a patient and disorder, finding the right
dosing can be a just as tedious undertaking, in particular for patients with serious conditions and/or
in discomfort (see e.g. Platt, 2010). With the advent of systems medicine and molecular diagnostic
advances, truly personalised (or precision) medicine interventions integrating genetic, genomic and
microbiomic characteristics of individuals, have become possible. This has also led to the creation of
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Table 1: Pillars of P4 Medicine (taken from Sagner et al., 2017).

# Pillars of P4 Medicine
1 Cutting-edge technologies for generating data regarding multiple dimensions of each person’s experience of health

and disease.
2 A digital infrastructure linking participating discovery science and clinical institutions, as well as patients/con-

sumers.
3 Personalized data clouds providing information about multiple dimensions of each individual’s unique dynamic

experience of health and disease ranging from the molecular to the social. These data will include genetic and
phenotypic characteristics, medical history, demographics and other sociometrics.

4 New analytic techniques and technologies from deriving actionable knowledge from the data.
5 Systems biologymodels for understanding the unique health status of each individual in terms of dynamic network

states that can be manipulated by cost-effective strategies.

a novel implementation framework, the P4 medicine model – preventative, predictive, personalised,
participatory (Sagner et al., 2017). This model emphasises prevention and strives to take a holistic
perspective on health (and disease) with a view to gradually replacing the one-size-fits-all paradigm.
Basically, through the utilisation of innovative diagnostics and personalised care, the P4 model, seeks
to prevent disease and, by involving and educating patients in health decision-making at the earliest
time-point possible, further promote wellness (within the P4-context, wellness essentially denotes a
healthy lifestyle and well-being). While all four components are highly interrelated and -dependent,
novel health technologies and modelling approaches, extensive networking of scientific knowledge
and the integration of these data with electronic health records and risk profiles, so primarily tech-
nical innovations, are necessary pre-requisites for the predictive and personalised components of P4,
see the 5 pillars of P4 medicine (Table 1).

By the same token, the participatory component requires re-definition of central stakeholder roles
(patients, health service providers, etc.), and new ways in establishing how they interact and share
responsibility and ownership for managing individual health and disease. Shared decision-making is
an important development in this regard and “[…] offers a structured way to incorporate evidence as
well as patient values and preferences into medical decision making. This process can support conver-
sations leading to better-informed decisions congruent with what matters most to patients.” (Grad
et al., 2017, p. 682). Importantly, besides shared decision making, comprehension and ownership of
treatment decisions are also highly important for treatment adherence/compliance (Jin et al., 2008).
Finally, the preventative component rests somewhere in between and requires that at least certain
elements of the three other components exist for a specific affliction, such as, but not limited to, the
diagnostic technology, adequate interpretation (risk evaluation) and clinical decision rules, proper
literacy of individuals (in particular of patients), shared decision-making environment and the abil-
ity to comply with prophylactic measures. Naturally, the more information that can be diagnostically
acquired and acted upon by stakeholders, the more truly personalised therapeutic care and prevention
can become (Sagner et al., 2017).

The primary care sector has a key role in early detection of disease, prevention and routine care. For
most individuals, primary care is the main point of reference for healthcare throughout life which
makes it an ideal setting for assessing individual risks and enabling health-sustaining measures. Over-
all, those visiting primary care facilities tend to be physically andmentally healthier and able to imple-
ment prevention measures more readily. Therefore, primary care services are in an ideal position to, in
many cases, avoid, or postpone, high-cost care utilisation in secondary or tertiary care services down-
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stream (Galea & Kruk, 2019; Starfield et al., 2005). However, currently, diagnoses in the primary care
setting are oftentimes reached through intuitive methods and there exists scarcity of universal (omics-
based) risk-assessment and profiling – the prevalence of molecular diagnostic testing, and the expert
knowledge required for its interpretation, in primary care remains suboptimal (Gameiro et al., 2018).
The results of a qualitative study published in 2016 suggest that various barriers related to health care
professionals’ (HCPs) reservations and lack of interaction between stakeholders, but also challenges
relating to regulation, time and budget limitations, frustrate efforts to improve the wide-spread util-
isation of molecular point of care testing (POCT) in the primary care setting (Hardy et al., 2016). A
very recent systematic review (2021) of health economic evidence of POCT found that the degree of
POCT adoption remains low in general although even basic health economic data suggest significant
benefits of POCT utilisation. The authors conclude that not the degree of POCT cost-effectiveness
– as it is favourable – yet other factors, must be preventing its broader implementation (Lingervelder
et al., 2021). Strikingly, although most of the barriers found by Hardy and colleagues were echoed in
a study of Irish GPs’ attitudes towards POCT published in 2018, Varzgaliene and colleagues found
that 92% of GPs would prefer increased access to POCT but concluded that a radical re-organisation
of the primary sector would be necessary to address cost and time barriers (Varzgaliene et al., 2018).
Emergencies can, of course, allow barriers to be lowered, as seen in the COVID-19 pandemic, which
has seen the rapid widespread introduction of mass testing for transmission management policy and
interventions, epidemiological monitoring and modelling, and gatekeeping purposes (Timmis et al.,
2020).

The way in which the primary care sector, in most jurisdictions, is currently organised is not ideal
to catalyse step advances towards POCT-based and therefore truly personalised prophylactic and
therapeutic, and participatory care (Lingervelder et al., 2021). For example, rapid access to primary
care can be a major issue and lead to delays in important medical assessments. Also, and as alluded
to above, selecting among, and offering, the sheer number of different types of molecular diagnostic
tests and devices is a challenge, and the interpretation of test results, the knowledge as to what is
the best course of action, etc., cannot be afforded by nor expected of individual GP practices, even if
they have access to clinical decision-support systems (Sutton et al., 2020). However, pooling resources
and utilising (and incentivising specific) health technology innovation – in particular the integration
of advanced diagnostics, multiple information sources and powerful data analytics, all feeding into
AI-driven smart diagnosis and indication systems – and improving the health literacy of patients in a
dedicated setting, could re-orient primary care towards a true facilitator of P4 medicine. However, a
compelling and holistic concept integrating all of these important elements in primary care is lacking.

The logical extension of the P4 medicine facilitating primary care setting is the exploitation of various
forms of mobile and wearable diagnostic/monitoring devices and IoT-enabled data collection meth-
ods outside of the care setting (e.g. onlineHRQoLquestionnaires, or visual acuity tests) (Christodouleas
et al., 2018; Global Data, 2019). For individuals, integrating multidimensional evidence sourced by
smart devices and IoT-enabled data collection methods with electronic health records could further
predict and personalise care needs, and (dis)incentivise (un)healthy behaviour in real-time. For clin-
ical research, utilisation of these types of multidimensional evidence generation methods – hence-
forth: innovative trialling technologies – can offer significant benefits (Jarow et al., 2017). As alluded
to above, randomised (placebo-)controlled trials (RCTs) are executed to establish safety and efficacy
profiles of interventions based on cohorts sharing specific characteristics. By randomising allocation
of trial participants to intervention and control groups, not disclosing to participants and investi-
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gators the group to which a participant has been allocated, and strictly controlling the environment
of participants, RCTs are designed to significantly reduce bias and confounding factors when test-
ing the effects of new interventions (Akobeng, 2005). However, this can also disengage patients and
make them feel like passive bystanders to the intervention and trial process (Wasmann et al., 2019).
Furthermore, in order to increase internal validity, RCT protocols usually exclude participants with
comorbidities (including mental health issues), certain age ranges, etc. In addition to being costly,
RCTs are usually highly time-consuming: the duration of a study, compounded by participants poten-
tially feeling disengaged, can lead to loss of follow-up and suboptimal compliance/adherence, which
inevitably introduces bias into the study (Mansournia et al., 2017; Steinhubl et al., 2019). Moreover,
RCTs usually rely heavily on biomedical endpoints assessed in the clinical setting, however, a range of
other factors that can impact the effectiveness of an intervention, such as mental well-being, but also
discomfort of, or inconvenience to, participants, are not always taken into consideration (Roberts &
Ferguson, 2021; Sherman et al., 2016).

Potentially at a fraction of the cost of collecting information in the clinic, innovative trialling tech-
nologies can extend RCTs by enabling more frequent or continuous diagnostic assessment/monitor-
ing of clinical parameters, and early identification of new biomarkers/indicators of adverse events or
positive treatment responses. In addition, such technologies also provide access to evidence for which
collection in the clinical setting might be less adequate, such as participants’ well-being at home, us-
ability of home-based medical devices, or the impact of dietary or exercise interventions on mental
health (Steinhubl et al., 2019). Also, due to essentially real-time participant interrogation, such tech-
nologies can reduce the impact of important biases, such as recall bias, that can adversely impact data
quality and inference (Althubaiti, 2016). Furthermore, involving trial participants through innova-
tive and interactive smart interfaces can engage them in, and bestow upon them shared decision-
making capacity over, the processes outside of the clinic. In turn, this can provide trial participants
with a sustainable sense of ownership over their condition and/or intervention, which can consid-
erably improve long-term compliance and follow-up (Bove, 2019). Importantly, innovative trialling
technologies that, in real-time, combine all of these factors with genetic, genomic and microbiomic
but also socioeconomic data of different trial participants, can be perfect facilitators for pragmatic
controlled trials (PCTs), and N-of-1 trials which are of particular relevance for assessing the effec-
tiveness of individualised/personalised interventions (Eichler et al., 2021; Lillie et al., 2011; Porzsolt
et al., 2015). Exploiting innovative trialling technologies to collect data outside of the clinical set-
ting can significantly contribute to understanding how different individuals deal with diseases and
interventions while providing valuable clinical information on how to improve and personalise in-
terventions. Nevertheless, wide-spread implementation of innovative trialling technologies in health
research (and controlled trials) is not commonplace as of yet and information on why this is the case
is scarce.

1.1.3 Focussing innovations and national innovation implementation mechanisms
on stakeholder needs and innovation trends.
Demands for innovation are dynamic, especially when stakeholder inclusion is done thoroughly and
repeatedly, which requires a responsive stakeholder ecosystem. This responsiveness is not evident,
as relevant information and actionable recommendations may be lacking. Two particularly impor-
tant stakeholders that need to be responsive to changing demands are innovators and policy makers/
regulators. Together, they represent gatekeepers to innovation. To better understand how inclusion
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and input in healthcare innovation can be improved, we explored how these stakeholders can acquire
and/or make sense of information to inform their practices in studies 5 and 6. The next section first
describes the context and problems of these studies.

Health systems across the globe are facing increasing cost pressures and substantial demand upticks,
especially in the near- to mid-term future. Even when considering historical funding increases, the
likely only feasible option to attempt to close the healthcare demand gap is improving the productivity
within a health system as further streamlining of work processes often provides minimal productivity
gains (Angelis et al., 2017; Institute for Public Policy Research (IPPR), 2018; Ording & Sorensen,
2013; Tran et al., 2018). Therefore, new health technologies are of utmost importance for addressing
hitherto untreatable conditions or rendering current treatments more efficient and thereby reducing
treatment costs or freeing up resources for use in other parts of the health system (Belloni et al., 2016;
OECD, 2017).

Academic entrepreneurs, and small and medium-sized enterprises (SMEs) play a key role in research
and innovation processes (Fernald et al., 2015). However, even in primarily established health tech-
nology fields a not unsubstantial proportion of inventions, be it biopharmaceutics, medical devices,
vaccines, or other types of new health technologies, do not reach the market or, if they do, do not de-
velop their full potential for improving productivity in healthcare (Fernald et al., 2015; Resnick et al.,
2016). One major reason for this is information asymmetry regarding the needs of stakeholders down-
stream (Van de Burgwal et al., 2018a). From a market introduction perspective, as alluded to above,
the rigorous and extensive collection, analysis and pertinent reporting of trial (and monitoring) data,
are a necessary condition. Safety and efficacy evidence is needed for applications for marketing au-
thorisation; should approval be granted, cost-effectiveness evidence, i.e. health economic assessment,
is required for consideration of market access by medical review boards (recommendation and reim-
bursement level, i.e. inclusion in the healthcare basket). Problems can occur if not enough evidence,
or evidence of insufficient quality, is submitted (Drummond et al., 2015; Toumi, 2017). From a user
perspective, the needs and preferences of patients and clinicians, and other interest groups, have to
be elicited and integrated in new technologies otherwise they might reject uptake of an innovation
irrespective of how useful it might be clinically (Van de Burgwal et al., 2018a). Although academic
entrepreneurs and SMEs drive innovation, they tend to least frequently (in comparison to large com-
panies) invest in better understanding their target populations and users, and thereby orienting their
products (and business models) towards the market (Fillis, 2002; Gilmore, 2007; Pascale Lehoux et
al., 2014; P. Lehoux et al., 2017). However, market orientation is key in designing products and ser-
vices that meet user needs and preferences. Barriers to acquiring this knowledge can include lack
of resources and appreciation for the value of market information, but a more important issue is
the lack of expertise (Choi et al., 2014). This is not surprising as no academically sourced guidance
for performing basic market research in the biopharmaceutic sector, and the information and in-
formation sources on which to focus, is freely available. However, market research can be relatively
straight-forward and low-cost enquiries, such as informal conversations or interviews with certain
stakeholders, can already make a substantial difference in understanding how well a product caters
to the needs and preferences of users, or which data is needed for regulatory approval (Timmis et al.,
in this thesis).

When considering novel health technology fields, innovation might be frustrated by the nearly reverse
issue: government bodies might not be able to adapt to rapid changes in the requirements for regulat-
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ingR&Dpractices and oversight – evidence generation practices and regulatory submission guidelines
frequently require substantial time to fully develop or harmonise (Fenwick et al., 2016; Steinhubl et
al., 2015). An interesting case for this is the human microbiome. The human microbiome is being in-
creasingly recognised as the new frontier of healthcare innovation and is an insightful example of this
issue (Cordaillat-Simmons et al., 2020). Public funding for microbiome research is substantial and
attests to the promise of developing novel approaches to preserving health and preventing or treating
disease (National Science Foundation, 2021; Proctor et al., 2019; University of California Davis, 2021).
The microbiome has been implicated in the aetiology of a substantial range of disease from irritable
bowel syndrome over depression to cancer. It has been hypothesised that microbiota could be con-
trolling, essentially, all vital bodily biochemical processes via their interactions and the by-products
they excrete, such as metabolites. However, currently there exists a lack of proper and comprehen-
sive population-wide microbiome association studies regarding the impact of, e.g., specific microbial
strains, their numbers (in absolute terms), and alpha- and beta-diversity of microbiota in and across
different niches, on health and disease. Complicating matters is that each individual’s microbiome is
to a certain degree unique. Together with paucity of scientific agreement on universal standards for
nomenclature, experimental designs, intervention classifications, human trial protocols, etc., these
issues lead to challenges of establishing clear causality and therefore scientific consensus on a host of
putative biotic mechanisms.

The number of scientific publications regarding the microbiome and therapeutic interventions in-
creased 9-fold between 2013 and 2019 (Pubmed) indicating strong interest. Likewise, the number
of trials, i.e. development activities, regarding biotic interventions has increased substantially over
the past decade (Dronkers et al., 2020). For innovation, this indicates that both public and private
organisations believe in the societal and/or financial rewards of pursuing this avenue. However, what
is striking is that, in two highly relevant target markets (US and EU, traditionally also the strictest
regarding clinical evidence), no, or no harmonised, regulatory framework(s) exist(s) for granting mar-
keting authorisation for biotic interventions for which health claims are sought. For example, the
EMA and FDA have not approved any live biotherapeutic products to date (Cordaillat-Simmons et
al., 2020; Merrick et al., 2020; Tan & Johnson, 2019). Although the FDA grants approval for dietary
pro-, pre- or symbiotic supplements – not based on health claims – faecal microbiota transplant
(FMT) has been given Investigational New Drug (IND) status, but merely as a last line treatment of
recurrent C difficile infection to be administered in the tertiary care setting only (Carlson, 2020; Food
and Drug Administration, 2020a). Adding to these complex issues is the fact that across countries
in Europe, there exist six different sets of regulations for probiotics. This lack of regulation harmon-
isation – from no regulation to different regulatory protocols per jurisdiction – sends mixed signals
to the market and might deter those innovators, who are seeking to develop de facto medical inter-
ventions at high cost and risk of failure, from investing in the exploration of new health technologies
that, even if believed to be efficacious, might not be financially viable as their consideration for reg-
ulatory approval might not be possible (Cordaillat-Simmons et al., 2020; Rouanet et al., 2020; van
den Nieuwboer et al., 2016). This, in turn, runs the risk of missing opportunities to improve disease
prevention and management strategies and, in parallel, increase productivity of the healthcare system
(Van de Burgwal et al., 2018a).

One way to start to address the lack in harmonisation of regulatory standards, is to provide informa-
tion to policy makers and regulatory officials regarding the types of technologies (and target diseases)
that developers consider particularly promising and will likely require regulatory assessment in due
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course. Patents are typically solid indicators of technologies that developers consider especially valu-
able (Bonino et al., 2010; Bubela et al., 2013). As alluded to above, a recent review of clinical trials of
probiotics exists but not a complementary patent landscape analysis of biotic inventions. Providing
such information to various stakeholder would allow them to identify potential scientific knowledge
and funding gaps and prioritise research activities for advancing regulatory oversight for the near-to
mid-term future and for a highly promising research field.

1.2 Innovation theory – the bigger picture
Basically, all issues presented above can generally be related to various hurdles in innovation processes,
in particular information asymmetry and the suboptimal involvement of relevant stakeholders in in-
novation design and implementation decisions. In 2018, Van de Burgwal et al. published a systematic
review of existing innovation frameworks and developed the Societal Impact Value Cycle (SIVC, see
Figure 1), an extensive model of various steps involved in (successful) innovation and its impact on
society (Van de Burgwal et al., 2018b). The SIVC consists of four main themes: Society and Policy, Sci-
ence, Business and Development, and Market. Society and Policy covers the activities of stakeholders
regarding (societal) unmet needs elicitation and assessment, prioritisation thereof and correspond-
ing demand articulation – at the policy level. Activities include the identification of concrete gaps
in basic and applied research, that e.g. frustrate regulatory assessment of novel interventions down-
stream, and lead to re-orientation/prioritisation of funding to address these gaps. By the same token,
the Society and Policy theme covers the elicitation of attributes of value, cost perspectives and other
priorities which can directly inform the rationale of market access decisions for introduction of new
health interventions in the theme Market (below). The Science theme includes assessment of ideas
or proposals of innovations (processes, products or services) to address the articulated demand, exe-
cution of research (and market research) needed to create pertinent innovation(s), and opportunity
shaping, such as protecting intellectual property (IP) or creating business plans. If performed and
acted upon properly, market research directly informs the design of new, or the improvement of ex-
isting, health technologies by aligning them as well as possible with the needs (also data needs) and
preferences of various stakeholders.

“The result of a positive O stage [final stage of Science theme] is typically an IP-protected,
realised invention (i.e. an invention with established proof of principle), for which a
technical and commercial development plan is in place. Alternatively, the output may
be disseminated without planned technical and commercial development via the pub-
lication of academic papers or dissemination to other societal stakeholders.” (Van de
Burgwal et al., 2015, p.51)

The subsequent theme, Business and Development, covers aspects of partnering with development
organisations, licensing, developing the technology into a marketable product and establishing pro-
duction capacity for market introduction. This is also the theme that includes the execution of clinical
trials, thereby gathering pertinent safety and efficacy evidence and preparing applications for regu-
lators. In the Market theme, the invention becomes an innovation when it is deployed to the market.
This is also the period when phase IV clinical trials are conducted and, based on the effectiveness data
collected in them, health economic analyses run and submitted to medical review boards to obtain
market access (recommendation for utilisation, and inclusion in the healthcare basket and reimburse-
ment status). Naturally, further assessment of innovations besides clinical trials plays an important
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Leveraging academic knowledge in the innovation ecosystem:
The Societal Impact Value Cycle as a toolbox
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Figure 1. Simplified version of the Societal Impact Value Cycle.
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2.1  Distinguishing between science, knowledge and innovation

Analysis of current literature

A number of conceptual models highlight the di!erences between science, 

knowledge and innovation processes. Some models explicitly distinguish science 

processes from a ‘reservoir of knowledge’ with science and innovation using and 

developing knowledge in this reservoir simultaneously (Kline, 1985; Oortwijn et al., 

2008; Rothwell, 1994; see figures 2, 3 and 4). Other models leave out the concept 

Figure 1: Simplified version of the Societal Impact Value Cycle. Taken from Van de Burgwal et al. (2018b)

role once innovations have been deployed: new diagnostic and health technologies can be piloted in,
but also outside of, the clinic setting and stakeholders preferences and remaining or new unmet needs,
and product improvement potential, elicited which feed back into the Society and Policy theme.

Chapters 2 and 3: To improve the accountability of national vaccine implementation decision pro-
cedures, the 2nd and 3rd chapters of this thesis explore how to sustainably address the gap between
stakeholder priorities elicited in the Society and Policy theme and their inclusion as a standard set of
decision criteria in the rationale of vaccine evaluation procedures (formarket access inMarket theme).
For vaccines, a consensus statement to harmonise health technology assessment (HTA) methods of
vaccine evaluation exists although standardisation of core criteria and, importantly, weightings based
on broad stakeholder consensus integrated into a standardised assessment tool for NITAGs is lacking.
An investigation into which are core decision criteria – from vaccine experts’ point of view for now –
and if SMART Vaccines, a multi-criteria decision analysis software suite specific to vaccines, would
be improved by their integration is warranted.
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Chapters 4 and 5: Likewise, involving stakeholders in utilising and piloting interventions for person-
alised health care and research must be focussed on easy access to a standard set of the most current
types of innovation and information to advance individual (and thereby population) health. Such an
integrated concept could also be stepping-stone to IoT-enabled ‘clinical’ research (even smart diag-
nostics in toilets sampling stool and urine, but also other daily use diagnostics are conceivable) and
strongly strengthen efforts to extend health research into patients’ homes. Implementing and linking
such innovation-driven environments would considerably increase the degree of cross-information
of activities in the Market and Science themes, and lead to the accelerated improvement of existing
health care and research innovation, and identification of unmet needs that would lead to demand
articulation for novel technologies channelled in the Society and Policy theme.

Chapters 6 and 7: The 6th and 7th chapters explore how reducing information asymmetry between di-
verse stakeholders can significantly improve innovation – essentially across all themes. While innova-
tors can actively elicit (in the Science theme) from stakeholders their (data) needs and preferences and
improve the alignment of their products with user-needs (from Market and Business and Develop-
ment themes); gathering information from innovators on the technologies they consider promising in
novel technology fields can inform policy makers of upcoming regulatory needs and which knowledge
gaps they might encounter, to be articulated in the Society and Policy theme.

1.3 Research Design
This thesis explores how to improve healthcare innovation and address unmet needs by utilising stake-
holder involvement and reducing information asymmetry in the design, evaluation and utilisation of
(new) health technologies. As alluded to above, the following main research question guides this
work:

“How can stakeholder inclusion and input in healthcare innovation be improved?”

An emergent design (Pailthorpe, 2017) and a mixed methods approach (Shorten & Smith, 2017) were
utilised to address this question. The methods employed for this work included literature reviews,
case studies, questionnaires, semi-structured interviews and a patent landscape analysis. The different
methods together with the topics and aims of the studies performed within the context of this work
are summarised below.

When the first studies were conducted (2014 and 2015), the rationales of national vaccine evaluation
and market access decision procedures were frequently not sufficiently standardised nor transparent.
In addition, the perceived focus of health technology assessments for vaccines on cost reduction rather
than vaccine benefit led to considerable frustration among various stakeholders. In 2014, the Insti-
tute of Medicine released a preliminary version of SMART Vaccines, a vaccine specific multi-criteria
decision analysis tool. SMART Vaccines was developed to try to start to address the information
asymmetry issues as alluded to above by rationalising the decision process yet providing room for
decision makers to include their preferences. Besides data on disease burden, vaccine characteris-
tics and cost estimates, SMART Vaccines included 29 intangible decision criteria and a provision
to weight the latter and thereby customise assessments and make rationales and decision scenarios
explicit. However, there existed three important issues: (i) utilisation of SMART Vaccines provided
transparency among decision makers only, (ii) without ensuring that a core set of stakeholder-relevant
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criteria were consistently considered, alignment of decision rationales with stakeholder needs was not
ensured either, and (iii) no consensus building efforts had been undertaken to determine a tentative
core set of stakeholder-centred criteria (Timmis et al., 2017). This provided us with the perfect op-
portunity to explore, in twin studies, the feasibility of establishing consensus on a core set of vaccine
evaluation criteria – in this case, among vaccine experts – and assess the impact of the integration of
said criteria in SMART Vaccines on external transparency and alignment of decision processes and
outcomes with stakeholder values. We addressed the following sub-question in the first study:

“Is it feasible, by surveying leading experts of the global vaccine community, to identify for vaccine evaluation
a general set of universally applicable priority attributes which we have called Core Values?”

To answer this question, we developed two questionnaires which were loosely based on the logic of the
Delphi-method. Both questionnaires asked participants to select from a list of 33 criteria – SMART
Vaccines criteria including four additions – five priority criteria for the evaluation of vaccines each
for eight target infectious diseases. We included a final question which prompted participants to
go a step further and indicate the five criteria they consider most important for vaccine evaluation
overall, i.e. independent of a specific target infectious disease. Our diverse cohorts for both surveys
consisted of vaccine experts – most of them were based in public and private research organisations
but we also included policy makers, those employed by donor organisations, and others. For the
first (exploratory) survey we received 53 responses. Our analysis revealed that five criteria attracted
statistically significant strong interest. We received 43 responses for the second (confirmatory) survey
and our analysis showed that four criteria attracted strong interest – these were a subset of the five
criteria we had identified in the previous survey. For further detail on this study, see chapter 2.

As our results indicate, it is indeed possible to establish consensus on core vaccine evaluation criteria.
We therefore conducted a second study to answer the following sub-question:

“Do core values for vaccine evaluation improve the degree of transparency and stakeholder alignment in
vaccine decision-making and what would the impact of their integration in SMART Vaccines be on SMART

Vaccines based decisions?”

In this study, we first performed a narrative literature review of theoretical constructs covering trans-
parency and accountability in representative decision-making. We decided to combine the highly
complementary Transparency inRationale (TiR), Transparency in Process (TiP) (de Fine Licht, 2014a,
2014b; de Fine Licht et al., 2014) and Accountability for Reasonableness (A4R) (Bærøe & Baltussen,
2014; Friedman, 2008; Martin et al., 2002) frameworks. TiR and TiP are detailed but not specific to
healthcare, while A4R explicitly lays out ‘fairness’ conditions for healthcare decision-making proce-
dures. In addition to other relevant criteria, A4R includes the Relevance Condition specifying that
pertinent decision justifications should be based on criteria which are perceived as reasonable by
‘fair-minded’ stakeholders, i.e. in essence aligned with stakeholder needs overall to reduce potential
friction points. For our analysis, we compared the degree of TiR, TiP and A4R of SMART Vaccines
based decision-making if core vaccine evaluation criteria were to be properly integrated in SMART
Vaccines, or not. We concluded that SMART Vaccines would benefit significantly from integration
of core vaccine evaluation criteria (chapter 3).
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While vaccines play a central role in addressing infectious disease risks based on a one-size-fits-all
approach, measures to prevent or postpone unnecessary (non-)communicable disease at the individ-
ual level are highly dependent on inter alia individual medical literacy (including personalised risk-
stratification, sufficient information and prophylaxis), shared care decision-making, and ‘healthy’
behaviour. In addition, health systems across the globe are facing substantial funding gaps that are
projected to further widen in the near- to mid-term future. In theory, the primary care setting is
ideally suited to provide 4P medicine-based care services in a comprehensive manner and maximise
the benefits of prophylaxis and routine care at a, in relative terms, low operational cost. However,
such a holistic concept has not been suggested as of yet.

To develop a novel primary care concept focussing on predictive, personalised, preventative and par-
ticipatory elements of care, we addressed the following sub-question:

“How might a novel, innovation-driven primary care setting be designed to maximise the personalisation of
care, while improving medical literacy and stakeholder involvement, and increasing health system

productivity?”

To answer this question, we conducted a narrative literature review and, based on existing and our
conjecture of conceivable near- to mid-term incremental or radical biotechnological and -medical
innovations, developed a concept roadmap in the form of a case study. Our work was driven by
following considerations: 24/7 access for patients to an innovation-driven medical centre featuring
modular, autonomous (DIY) consultation booths integrating advanced diagnostics and AI-driven in-
terrogation algorithms with a focus on personalised ‘omics’-based sampling and assessment; secure
analysis and cross-referencing of all patient data in national data analytics centres; transferral of
routine care to our concept; maximisation of patient literacy and personalised prevention guidance;
shared decision-making; and sustainable integration with current risk-adjustment, quality improve-
ment and cost-control approaches. The case study of the DIY digital medical centre, which highlights
the benefits of our concept for various stakeholders, is detailed in chapter 4.

Recent work also indicates that health research could benefit substantially from the utilisation of
novel point-of-care-testing based technologies and smart devices for the collection of data outside of
the clinic – so-called virtual clinical trials (VCTs). The possibilities offered by utilisation of VCTs
cannot be understated and implementing such decentralised data collection measures would be a per-
fect complement for the innovation-driven DIY digital medical centre. Although highly promising,
such decentralised forms of trialling new health technologies and monitoring of patients has not been
widely adopted as of yet and the reasons are not clear. To better understand the factors frustrating
the adoption of this highly stakeholder-inclusive form of healthcare research, we conducted a study
to address the following sub-question:

“What are potential adoption barriers and facilitators of virtual clinical trials?”

To answer this question, we designed and conducted semi-structured interviews underpinned by
Rogers’ diffusion of innovations theory (Sahin, 2006). Our sample of 16 interviewees included in-
dividuals from the Microbiology and Systems Biology department of TNO (an applied research or-
ganisation), clinical research organisations (CROs), and pharmaceutical and food developers. We
analysed our data with thematic analysis and grouped our results based on barriers and facilitators,
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and on perceived importance by the interviewees. For further detail, see chapter 5.

Our data show that technical validation of mobile diagnostic technologies and smart devices and
closely related regulatory hurdles – due to, in essence, lack of robust evidence – but also insufficient
incorporation of user needs paired with a lack of literacy of patients to use devices, can be major bar-
riers for wider VCT-adoption. Essentially identical issues can similarly frustrate the development,
introduction and adoption of biopharmaceutics. Development costs and timelines of biopharmaceu-
tics can be significant, and if new products are not approved by regulators or medical review boards,
or simply not adopted (optimally) by users this can be a major waste of resources that could have
been invested more productively elsewhere. Fortunately, market research can provide critical infor-
mation on which data to gather for marketing authorisation and market access, and which are the
unmet needs and preferences of users and other stakeholders. However, market research activities are
often not performed by academic entrepreneurs and SMEs. This is particularly unfortunate as these
actors tend to be the drivers of innovation and basic market research, that can provide a great deal
of insight and added-value, does not require major investment or know-how. Nevertheless, reported
challenges include lack of resources and expertise on how to perform market research and who to ap-
proach for which type of information. As no academically sourced and published guidance exists for
biopharmaceutic market research hitherto, we posed the following sub-question to start to address
these challenges:

“What are core market research considerations of senior managers and marketing experts in the
biopharmaceutics industry?”

In this qualitative study, we conducted semi-structured interviews based on the market orientation
framework by Kohli and Jaworski (A. K. Kohli & Jaworski, 1990) and investigated which information
(including clinical evidence) senior marketing experts and functionaries in the field consider crucial
for aligning products with users and providing evidence to regulators and medical review boards. We
also asked them which methods and stakeholders were best suited to elicit pertinent information. 16
senior employees of Big Pharma and SMEs, and consultants, participated in this study. We processed
our data through thematic analysis. Based on our analysis, we developed a basic market research
toolbox that academic entrepreneurs and SMEs can consult and utilise to guide their own basicmarket
research activities.

As alluded to above, regulators are key stakeholders who, by ensuring the safety of (new) health in-
terventions, gatekeep markets and whose requirements are essential to understand. They also send
strong signals to the market and provide significant pull incentives for stakeholders, i.e. innovators, to
develop novel technologies to address unmet medical needs. By the same token, and especially with
emerging technology fields, regulators and policy makers might also be dependent on stakeholder
signals from the market. This is currently the case for live biotherapeutic products (LBPs). In two
important markets, namely Europe and the US, regulatory protocols are not adequately harmonised
(within and across jurisdictions) and the likelihood of innovators receiving marketing authorisation
for products with health claims, and subsequent market access for that matter, ranges from high to
non-existent. Lack of regulation in this case can have the reverse effect, i.e. to disincentivise in-
novation. The main issues are an overall paucity of basic scientific evidence, debate regarding the
establishment of clinical evidence, but also lack of standardisation across a host of other aspects, such
as variable requirements for intervention classifications. Nevertheless, the appetite for the scientific
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enquiry into new microbiome interventions has not ceased indicating that the need for regulatory
oversight of LBPs will likely, and potentially dramatically, increase in the near- to mid-term future.
However, regulatory protocol formulation requires the existence of robust evidence and a priori priori-
tised funding for attainment of said evidence. Rigorously sourced overviews of intellectual property,
and in particular patents, can provide good indications of which technologies are perceived to have
high value potential. Such an overview can, in turn, help regulators and pertinent other stakeholders,
such as research funders and policy makers, assess which LBP technologies might require regulation in
the future and prioritise funding to establish the evidence base they need in this highly promising yet
unpredictable scientific and technology field. To start to address this issue, we posed the following
sub-question for our final study of this thesis:

“Which are target diseases and intervention technologies that attract strong interest of innovators according to
recent global patenting activity?”

To address this question, we performed a patent landscape analysis. We included 6,250 patents filed
between 2013 and 2018 and ran simple statistical analysis. Basically, our data is stratified by timelines
for types of interventions (food, medicinal preparation or diagnostic), target disorder, type of appli-
cant (public or private), and origin of applicant and application patent office. We found, for example,
that recent overall patenting activity has been in decline and there exists a strong focus on the Chi-
nese market. The findings we provide in chapter 7 can support policy makers in prioritising funding

Table 2: Overview of studies and research designs included in this thesis.

Study Guiding sub-question Method Data Chapter
1 Is it feasible, by surveying leading experts of

the global vaccine community, to identify for
vaccine evaluation a general set of universally
applicable priority attributes which we have
called Core Values?

Quantitative sur-
veys

101 filled-in question-
naires (53 + 43 vaccine
experts) with 5 prior-
ity scores for 8 target
infectious diseases + 5
overall priorities.

2

2 Do core values for vaccine evaluation improve
the degree of transparency and stakeholder
alignment in vaccine decision-making and
what would the impact of their integration
in SMART Vaccines be on SMART Vaccines
based decisions?

Literature study Scientific articles from
various databases and
libraries of University
of Freiburg and No-
vartis Vaccines.

3

3 How might a novel, innovation-driven primary
care setting be designed to maximise the per-
sonalisation of care, while improving medical
literacy and stakeholder involvement, and in-
creasing health system productivity?

Literature review
based concept
study

Scientific articles from
various databases and
libraries of University
of Freiburg and Impe-
rial College London.

4

4 What are potential adoption barriers and facil-
itators of virtual clinical trials?

Qualitative inter-
views

16 semi-structured inter-
view transcripts 5

5 What are core market research considerations of
senior managers and marketing experts in the
biopharmaceutics industry?

Qualitative inter-
views

16 semi-structured inter-
view transcripts 6

6 Which are target diseases and intervention tech-
nologies that attract strong interest of inno-
vators according to recent global patenting
activity?

Patent landscape
analysis

Quantitative, descrip-
tive data of 6,250
patent applications
downloaded from
Espacenet

7
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Introduction

and thereby addressing potential gaps in future regulatory oversight, and, in turn, ‘re-incentivising’
innovators to broaden their innovation activities to include the European and US target markets.

Table 2 summarises the research designs and topics of the chapters included in this thesis.

1.4 Validity
Multiple case studies were utilised to increase the external validity of this work, as exploration of
different scenarios was necessary to improve the generalisability of our findings: the research on vac-
cines represents public health and archetypical one-size fits all interventions while the work on digital
medical centres, virtual clinical trials and the microbiome focusses on personalised health measures.
The work on biopharmaceutics market research provides a comprehensive perspective across essen-
tially all relevant stakeholders. However, the literature studies lack empirical data which potentially
limits the applicability of their findings to the settings they explored. Generally, qualitative research
has limited external validity while quantitative research provides limited insight into potentially im-
portant details. Also, experts can provide rich information and be highly adequate samples, as they
were for our studies, however, they will likely not be acquainted with stakeholder needs across the
greater stakeholder spectrum. However, external validity was further improved by comparing and
discussing our findings within the context of existing research (Riege, 2003).

Internal validity of this work was improved by utilising a diverse set of research methods. We used
quantitative and qualitative methods to triangulate our findings and complement the conclusions
of the different studies reported in this thesis. Furthermore, all studies were performed by multiple
researchers with varying levels of seniority who assisted in developing the research designs, data ac-
quisition and analysis, interpretation of findings and adequate presentation thereof. This improved
the quality of the studies and reduced researcher bias. For interview-based studies, all interviews were
recorded and transcribed, and the nature of the results and their presentation discussed until agree-
ment among the involved research team had been reached. In all cases, data saturation was reached,
suggesting that the likelihood of us excluding any new concepts (potentially being mentioned by fur-
ther interviewees) was low. For the other studies, that used empirical data or literature, such as the
core values for vaccine evaluation study and ancillary work, presentation to an audience of authorita-
tive vaccine experts and subsequent discussion confirmed the relevance of our findings (Siena, Italy,
2015); the digital medical centre concept was presented in China (2019) to a similar end. We also
performed interim analysis and consulted with experts whenever possible.
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Abstract
Currently, most health economic modelling approaches tend to inadequately incorporate crucial
disease-specific criteria and other attributes of benefit resulting from vaccination, which limits their
utility for evaluating vaccines and, in consequence, for optimally guiding vaccine decision-making.
Additionally, vaccine evaluation methods are frequently poorly standardised and non-transparent,
leading to a potentially low level of accountability that can hinder acceptance of resulting decisions.
To address these issues, we have considered whether it is possible to identify a set of universal vaccine-
disease considerations, which we have called Core Values. To begin to identify such a set of criteria,
and to establish whether strong agreement around such core values exists, we conducted two studies
based on the Delphi technique. Both studies surveyed a cohort consisting of expert members of the
global vaccine community with diverse professional backgrounds. Formal statistical analysis of both
studies identified four attributes with strong agreement: 1. Incidence disease cases prevented per year,
2. Cost-effectiveness (including cost-benefit and cost-utility analysis), 3. High mortality disease (case-fatality-
rate), and 4. Severity of target disease (risk of morbidity and mortality). These results suggest the feasibility
of identifying a clear consensus on a specific set of Core Values for Vaccine Evaluation.
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2.1 Introduction

Vaccination is considered the most effective and cost-effective health intervention (Berkley, 2014).
Vaccines not only prevent serious health conditions and death caused by vaccine preventable diseases
(VPDs), they also prevent their long-term sequelae, disabilities and impairments that may result from
some infectious diseases thatmay seriously impact on individuals, their families and ultimately society
at large (Sabin, 1970).

Historically, vaccine development and adoption was predicated on the morbidity and mortality rates
of infectious diseases, and the potential for preventing them, leading to the development of vaccines
for diphtheria, pertussis, tetanus and later polio, measles, mumps and rubella (Black, 2013). More
recently, vaccine evaluation has focused on economic feasibility, but often simple health economic
analyses (HEA) used in isolation may not adequately capture the full spectrum and magnitude of
benefits offered by vaccination. Nevertheless, the results of HEA and assessments of the cost saving
potential of vaccines have, in many cases, become a gating criterion for introducing a vaccine into
national healthcare plans/systems (Black, 2013). However, recent research has clearly demonstrated
that vaccination holds a substantially higher value than has been traditionally appreciated, extending
well beyond individual and aggregate health gains, and has identified highly beneficial and diversi-
fied, sustainable, broad societal and economical benefits of vaccination (Bärnighausen et al., 2014a;
Bärnighausen et al., 2014b; D. E. Bloom, 2015; David E. Bloom et al., 2011). For instance, Bloom et al.
demonstrated that vaccinated children had significantly higher scores in cognitive ability tests (David
E. Bloom et al., 2012), translating into ‘‘a 21% rate of return on the vaccine spending”. A further study
by Bloom et al. (2005) investigated the return of investment (ROI) for a GAVI, the Vaccine Alliance
(GAVI, formerly known as Global Alliance for Vaccines and Immunisation) proposal for expanding
the variety of vaccines employed until 2020. The ROI was estimated to reach 18% by 2020 (David
E. Bloom et al., 2005). This 18–21% ROI is similar to the social (11–25%) and private (17–24%) rates
of return for primary, secondary and high/school education (Andre et al., 2008; D. E. Bloom, 2015;
Psacharopoulos, 1972) – often held up as the ‘‘gold standard” for ROI. Preventing disease and seque-
lae due to infectious diseases facilitates inter alia a considerable increase in time spent in education,
higher income, financial stability and attraction of foreign direct investment and, in consequence,
economic development and increased individual and national welfare (D. E. Bloom, 2015).

If these substantial broad benefits of vaccination are not included in vaccine evaluation to comple-
ment the standard economic assessments of health gains and costs, there is a significant risk of inap-
propriate vaccine decisions being taken and novel or improved, safe and efficacious vaccines excluded
from national vaccination schedules. The recent challenges of adequately evaluating the meningitis B
vaccine BexseroTM with traditionalHEA, particularly the considerable spectrumof economic assump-
tions and their values feeding into the health economic modelling approaches, resulted in a one-year
delay (from 2013 to 2014) in the introduction of the vaccine in the UK (Christensen et al., 2013; Chris-
tensen et al., 2014; Joint Committee on Vaccination and Immunisation, 2013, 2014; Mekalanos, 2013;
Moxon & Snape, 2013). During this period, circa 410 lab confirmed cases of meningococcal group
B disease were reported in England (Public Health England, 2015), many of which could have been
prevented by timely introduction of the vaccine. This example, and others (Bärnighausen et al., 2014;
D. E. Bloom, 2015), illustrates the significance of evaluating vaccines with adequate methods and a
broad set of relevant evaluation criteria.
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Fortunately, Multi-Criteria-Decision-Analysis (MCDA) tools arewell suited to comprehensively struc-
ture and compound the diverse attributes of broad benefits of vaccination and render them readily
available for integration in health economic analyses and, more importantly, deliver more useful re-
sults to guide decision-makers (Baltussen, 2015; Claxton, 2015; Devlin & Sussex, 2011). However, one
significant challenge for contemporary vaccine evaluation and MCDA is a lack of standardisation by
guiding principles that ensure a baseline degree of alignment for achieving equity and accountability
for vaccine decision-making outcomes (Bærøe & Baltussen, 2014; Baltussen, 2015; Bryant et al., 2014;
Norheim et al., 2014; Tromp & Baltussen, 2012).

In this communication, we report an approach towards addressing the challenges inherent in cur-
rent vaccine evaluation and decision-making practices by tethering them to universal priorities (at-
tributes) – Core Values for Vaccine Evaluation – with the goal of rendering (a) vaccine evaluation more
efficient, transparent, equitable and comparable, and thereby (b) decision-making outcomes more
accountable.

2.2 Study Design

We predicated our research on the following question: is it feasible, by surveying leading experts of
the global vaccine community, to identify for vaccine evaluation a general set of universally applicable
priority attributes which we have called Core Values?

The survey study design we chose to address this question was based on the Delphi technique, a sys-
tematic methodology originally developed at RAND in the 1950s for interviewing experts in a field
with the endpoint of forecasting future developments or/ and assessing expert consensus on a specific
topic or a set of decision-making criteria. For this purpose, multiple consecutive rounds of inter-
views are performed, each subsequent round meant to further consolidate/refine the issue/criteria
under consideration (Hsu & Sandford, 2007; Yousuf, 2007). The first step of our study (status quo
assessment round) was designed to familiarise the participants with the broad spectrum of vaccine
evaluation attributes used in this study (a list of 33 attributes including the 29 SMART Vaccines at-
tributes (Institute of Medicine, 2012) and 4 additional attributes), and to establish a broad baseline
for potential agreement, for different vaccine evaluation scenarios (8 sets of 5 chosen and ranked at-
tributes). To place the proposed attributes in context, we selected target diseases to be considered
in the survey. In this first round, participants were asked to select and rank 5 vaccine evaluation
attributes (potential priority attributes) for each of 8 different target infections – Cholera, Dengue,
Ebola, Influenza, Meningococcal disease, Rotavirus, Schistosomiasis and Varicella disease – selected
to cover a spectrum of disease severity and frequency, and be familiar to the participants. In a sec-
ond step (refinement round), we asked participants to select and rank a set of 5 universal priority

different (Kruskal-Wallis test p-value = 0.07). A final comparison
between the compositions of participants to the two studies using
the Fisher composition test produced again a p-value = 0.13, that
is above the traditional 0.05 threshold for statistical significance
demonstrating the homogeneity between these panels.

4.2. Results of statistical analysis

Table 1 shows, for both studies, the attributes identified for at
least two disease cases (the corresponding attribute IDs are indi-
cated in brackets1). Tables showing all scores are given in the sup-
plementary material.

The priority attributes, as identified for the Overall case in both
studies, are of particular interest as they specifically address our
research question (core value candidates).

For the exploratory study, five core value candidates were iden-
tified, and for the focus study four core value candidates were iden-
tified, as shown in Figs. 3a and 3b respectively.

For the exploratory study, the set of priority attributes identi-
fied for Overall overlaps with 5 out of the 7 priority attributes iden-
tified across the surveyed 8 diseases. Similarly, for the focus study,
the 4 priority attributes identified for Overall overlap with the 8
priority attributes identified across the surveyed diseases, as
shown in Table 2. The corresponding table for the exploratory
study (Table S4) can be found in the supplementary material.

Notably, the remaining priority attributes2 were not identified
for Overall (not even borderline) in the studies and, therefore, not
taken into further consideration.

Fig. 1. Schematic representation of the procedure by which participants associated potential priority attributes to each specific disease and to the general (Overall) case.

Fig. 2. Comparison of compositions (professional background) for both studies; Blue: exploratory study; orange: focus study.

Table 1
Attributes identified for at least two disease cases in both studies; sorted according to
attribute ID.

Exploratory study
(2) Annual Net Direct (Savings) of Vaccine Use
(5) Benefits Infants and Children
(8) Benefits Socioeconomically Disadvantaged
(10) Cost-effectiveness
(11) High Mortality (Case-fatality-rate)
(18) Incident Cases Prevented per Year
(31) Severity of disease

Focus study
(1) Cost-effectiveness (including cost-benefit and cost-utility analysis)
(3) Fits into existing immunization schedules
(4) High mortality disease (case-fatality-rate)
(5) Incidence disease cases prevented per year
(18) Severity of target disease (risk of morbidity and mortality)
(19) Targets a disease occurring primarily among infants and children
(22) Targets a disease occurring primarily among socioeconomically

disadvantaged
(23) Targets a rare but severe disease with risks of outbreaks and pandemics

1 A list of all attributes under consideration and their corresponding IDs is given in
Supplementary Materials.

2 (2) Annual Net Direct (Savings) of Vaccine Use, (8) Benefits Socioeconomically
Disadvantaged, (3) Fits into existing immunization schedules, (19) Targets a disease
occurring primarily among infants and children, (22) Targets a disease occurring
primarily among socioeconomically disadvantaged and (23) Targets a rare but severe
disease with risks of outbreaks and pandemics.

J.K. Timmis et al. / Vaccine 35 (2017) A57–A62 A59

Figure 2: Schematic representation of the procedure by which participants associated potential priority attributes to each
specific disease and to the general (Overall) case.
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attributes for general overall vaccine evaluation, which required them to reflect on and prioritise
their former choices and allow establishment of a refined scope of potential priority attributes. This
procedure is shown in Figure 2 and, in detail, in Figure S2 in the supplementary materials.

Employing this design, we conducted two survey studies: an exploratory and later a consecutive focus
study.

2.3 Methods

The two surveys were analysed sequentially using the same statistical methods. This analysis con-
sisted of three steps: dimensionality reduction, selection of attributes attracting strong agreement
and calculation of prediction intervals. Dimensionality reduction proceeded by calculating one sur-
vey score for each combination of disease and vaccine attribute. Each score was calculated by aggre-
gating the survey responses across participants and ranks. All participants who completed the survey
contributed equally to this calculation and attributes selected with higher ranks had higher weights
compared to attributes selectedwith lower ranks. Attributes attracting strong agreementwere identi-
fied as those scoring above the 99.5% percentile of the probability distribution of survey scores under
random attribute choice. The spread of this distribution directly reflected the survey sample size.
Likewise, attributes with scores below the 0.5% percentile of the same distribution were identified as
strongly irrelevant for vaccine evaluation in general. This conservative decision rule ensured that any
attribute identified as attracting exceptionally strong agreement or as strongly irrelevant had each a
false positive rate of 0.5%. Prediction intervals of the survey scores were derived from the observed
survey responses using the non-parametric bootstrap (Efron, 1979).

The results of the exploratory study identified a set of attributes felt to be less relevant by the survey
participants, andwhichwere subsequently eliminated from the consecutive focus study, leaving a total
of 24 selectable attributes. Additionally, we sharpened the formulation of some of the remaining
attributes to render them more precise and distinct. Both lists of attributes and an overview and
comparison of modifications (Table S1) can be found in supplementary materials. The design and
analysis of the focus study were otherwise identical to those of the exploratory study. As the goal of
both studies was to identify universal priority attributes for vaccine evaluation, candidate priority
attributes had to fulfil the following condition to be taken into consideration: their score had to
attract exceptionally strong agreement for at least two disease cases simultaneously. Further details
on study design and analysis are available in the supplementary materials.

2.4 Results

2.4.1 Cohorts/samples
In February 2015, we invited 115 experts of the global vaccine community with diverse professional
backgrounds and affiliations, as shown in Figure 3, to participate in the exploratory study, an online
questionnaire: Parameters for vaccine priority setting. In total, 46% (N = 53), as indicated by the
dark blue columns in Figure 3, of the invited experts completed the questionnaire (participants). A
statistical comparison of the composition of professional backgrounds of those experts invited and
those participating using the Kruskal-Wallis test produced a p-value of 0.4, demonstrating that the
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different (Kruskal-Wallis test p-value = 0.07). A final comparison
between the compositions of participants to the two studies using
the Fisher composition test produced again a p-value = 0.13, that
is above the traditional 0.05 threshold for statistical significance
demonstrating the homogeneity between these panels.

4.2. Results of statistical analysis

Table 1 shows, for both studies, the attributes identified for at
least two disease cases (the corresponding attribute IDs are indi-
cated in brackets1). Tables showing all scores are given in the sup-
plementary material.

The priority attributes, as identified for the Overall case in both
studies, are of particular interest as they specifically address our
research question (core value candidates).

For the exploratory study, five core value candidates were iden-
tified, and for the focus study four core value candidates were iden-
tified, as shown in Figs. 3a and 3b respectively.

For the exploratory study, the set of priority attributes identi-
fied for Overall overlaps with 5 out of the 7 priority attributes iden-
tified across the surveyed 8 diseases. Similarly, for the focus study,
the 4 priority attributes identified for Overall overlap with the 8
priority attributes identified across the surveyed diseases, as
shown in Table 2. The corresponding table for the exploratory
study (Table S4) can be found in the supplementary material.

Notably, the remaining priority attributes2 were not identified
for Overall (not even borderline) in the studies and, therefore, not
taken into further consideration.

Fig. 1. Schematic representation of the procedure by which participants associated potential priority attributes to each specific disease and to the general (Overall) case.

Fig. 2. Comparison of compositions (professional background) for both studies; Blue: exploratory study; orange: focus study.

Table 1
Attributes identified for at least two disease cases in both studies; sorted according to
attribute ID.

Exploratory study
(2) Annual Net Direct (Savings) of Vaccine Use
(5) Benefits Infants and Children
(8) Benefits Socioeconomically Disadvantaged
(10) Cost-effectiveness
(11) High Mortality (Case-fatality-rate)
(18) Incident Cases Prevented per Year
(31) Severity of disease

Focus study
(1) Cost-effectiveness (including cost-benefit and cost-utility analysis)
(3) Fits into existing immunization schedules
(4) High mortality disease (case-fatality-rate)
(5) Incidence disease cases prevented per year
(18) Severity of target disease (risk of morbidity and mortality)
(19) Targets a disease occurring primarily among infants and children
(22) Targets a disease occurring primarily among socioeconomically

disadvantaged
(23) Targets a rare but severe disease with risks of outbreaks and pandemics

1 A list of all attributes under consideration and their corresponding IDs is given in
Supplementary Materials.

2 (2) Annual Net Direct (Savings) of Vaccine Use, (8) Benefits Socioeconomically
Disadvantaged, (3) Fits into existing immunization schedules, (19) Targets a disease
occurring primarily among infants and children, (22) Targets a disease occurring
primarily among socioeconomically disadvantaged and (23) Targets a rare but severe
disease with risks of outbreaks and pandemics.

J.K. Timmis et al. / Vaccine 35 (2017) A57–A62 A59

Figure 3: Comparison of compositions (professional background) for both studies; Blue: exploratory study; orange: focus
study.

sample compositions of the invitee and the participant groups were not statistically different.

The subsequent focus study involved the participants of the Global Health 2035: Mission Grand Con-
vergence meeting (N = 65) in June 2015 and was undertaken in advance of the meeting. In total, 66%
(N = 43) of the invited experts completed the questionnaire, as indicated by the dark orange columns
in Figure 3. Also in this study, the compositions of invitees versus participants were not statisti-
cally different (Kruskal-Wallis test p-value = 0.07). A final comparison between the compositions
of participants to the two studies using the Fisher composition test produced again a p-value = 0.13,
that is above the traditional 0.05 threshold for statistical significance demonstrating the homogeneity
between these panels.

2.4.2 Results of statistical analysis
Table 3 shows, for both studies, the attributes identified for at least two disease cases (the correspond-
ing attribute IDs are indicated in brackets i). Tables showing all scores are given in the supplementary
material. The priority attributes, as identified for the Overall case in both studies, are of particular
interest as they specifically address our research question (core value candidates). For the exploratory
study, five core value candidates were identified, and for the focus study four core value candidates
were identified, as shown in Figures 4 and 5, respectively. For the exploratory study, the set of pri-
ority attributes identified for Overall overlaps with 5 out of the 7 priority attributes identified across
the surveyed 8 diseases. Similarly, for the focus study, the 4 priority attributes identified for Overall
overlap with the 8 priority attributes identified across the surveyed diseases, as shown in Table 4. The
corresponding table for the exploratory study (Table S4) can be found in the supplementary material.
Notably, the remaining priority attributes, namely (2) Annual Net Direct (Savings) of Vaccine Use, (8)
Benefits Socioeconomically Disadvantaged, (3) Fits into existing immunization schedules, (19) Targets a disease
occurring primarily among infants and children, (22) Targets a disease occurring primarily among socioeco-
nomically disadvantaged and (23) Targets a rare but severe disease with risks of outbreaks and pandemics were

iA list of all attributes under consideration and their corresponding IDs is given in Supplementary Materials.
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Table 3: Attributes identified for at least two disease cases in both studies; sorted according to attribute ID.

Exploratory study
(2) Annual Net Direct (Savings) of Vaccine Use
(5) Benefits Infants and Children
(8) Benefits Socioeconomically Disadvantaged
(10) Cost-effectiveness
(11) High Mortality (Case-fatality-rate)
(18) Incident Cases Prevented per Year
(31) Severity of disease

Focus study
(1) Cost-effectiveness (including cost-benefit and cost-utility analysis)
(3) Fits into existing immunization schedules
(4) High mortality disease (case-fatality-rate)
(5) Incidence disease cases prevented per year
(18) Severity of target disease (risk of morbidity and mortality)
(19) Targets a disease occurring primarily among infants and children
(22) Targets a disease occurring primarily among socioeconomically disadvantaged
(23) Targets a rare but severe disease with risks of outbreaks and pandemics

not identified for Overall (not even borderline) in the studies and, therefore, not taken into further
consideration.

A correlation analysis was performed for both studies to assess the level of agreement between the
average scores of attributes identified across all target diseases and those calculated from the Overall
responses. In the exploratory study this correlation was 90% (Spearman correlation p-value < 0.0001)
and in the focus study it was 73% (Spearman correlation p-value < 0.0001), as shown in Figures S3a
and S3b. These correlations reflect the strong within-study consistency of choices by participants
in both studies and, more importantly, the robustness of the identified priority attributes for the
Overall cases. Consequently, the priority attributes representing potential Core Values For Vaccine
Evaluation (henceforth: core value candidates) correspond with a subset of the priority attributes
as identified for Overall in both studies, as shown in Table 5. As the priority attributes determined
for the Overall case in both studies were surveyed independently of those for the disease cases, their
identified scores immediately correspond with a rank order.
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A correlation analysis was performed for both studies to assess
the level of agreement between the average scores of attributes
identified across all target diseases and those calculated from the
Overall responses. In the exploratory study this correlation was
90% (Spearman correlation p-value < 0.0001) and in the focus
study it was 73% (Spearman correlation p-value < 0.0001), as
shown in Figs. S3a and S3b. These correlations reflect the strong

within-study consistency of choices by participants in both studies
and, more importantly, the robustness of the identified priority
attributes for the Overall cases. Consequently, the priority attri-
butes representing potential Core Values For Vaccine Evaluation
(henceforth: core value candidates) correspond with a subset of
the priority attributes as identified for Overall in both studies, as
shown in Table 3. As the priority attributes determined for the

Fig. 3a. Final results for the Overall cases. scores and 99% prediction intervals of scores for all attributes for the Overall case (N = 53), calculated from the exploratory study
responses.

Fig. 3b. Final results for the Overall cases. scores and 99% prediction intervals of scores for all attributes for the Overall case (N = 43), calculated from the focus study responses.

A60 J.K. Timmis et al. / Vaccine 35 (2017) A57–A62

Figure 4: Final results for the Overall cases. Scores and 99% prediction intervals of scores for all attributes for the Overall case
(N = 53), calculated from the exploratory study responses.

A correlation analysis was performed for both studies to assess
the level of agreement between the average scores of attributes
identified across all target diseases and those calculated from the
Overall responses. In the exploratory study this correlation was
90% (Spearman correlation p-value < 0.0001) and in the focus
study it was 73% (Spearman correlation p-value < 0.0001), as
shown in Figs. S3a and S3b. These correlations reflect the strong

within-study consistency of choices by participants in both studies
and, more importantly, the robustness of the identified priority
attributes for the Overall cases. Consequently, the priority attri-
butes representing potential Core Values For Vaccine Evaluation
(henceforth: core value candidates) correspond with a subset of
the priority attributes as identified for Overall in both studies, as
shown in Table 3. As the priority attributes determined for the

Fig. 3a. Final results for the Overall cases. scores and 99% prediction intervals of scores for all attributes for the Overall case (N = 53), calculated from the exploratory study
responses.

Fig. 3b. Final results for the Overall cases. scores and 99% prediction intervals of scores for all attributes for the Overall case (N = 43), calculated from the focus study responses.

A60 J.K. Timmis et al. / Vaccine 35 (2017) A57–A62

Figure 5: Final results for the Overall cases. Scores and 99% prediction intervals of scores for all attributes for the Overall case
(N = 43), calculated from the focus study responses.
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2.5 Discussion

The results presented here confirm the feasibility of identifying, with the aid of a diverse cohort of
leading experts representing the multifaceted aspects and interests of the vaccine community and
policy, highly relevant priority attributes for vaccine evaluation that could be included in future
multi-criteria decision models. The strength of the approach presented here is that core values are not
deduced a priori from theory, but they are inferred from analysis of the observed responses of a diverse
panel of stakeholders to a structured survey assessing whether strong agreement on a minimal set of
vaccine attributes for vaccine evaluation exists. Most importantly, and as shown in Table 5, the iden-
tification of 4 identical core value candidates in both studies strongly suggests that these constitute
key priority Core Values for Vaccine Evaluation (CVs), which we propose should be incorporated in
future vaccine evaluation and subsequent decision-making procedures. These are:

• Incidence disease cases preventer per year
• Cost-effectiveness (including cost-benefit and cost-utility analysis)
• High mortality disease (case-fatality-rate)
• Severity of target disease (risk of morbidity and mortality)

The 4 principle Core Values identified in this study are subject to two caveats: firstly, it has been sug-
gested that costs are not an attribute of benefit (Claxton, 2015) and, therefore, should not be assessed
with MCDA tools. Therefore, Cost-effectiveness (including cost-benefit and cost-utility analysis)
should be considered a Core Value to be taken into consideration together with, but probably not
as a component of, MCDA. The remaining 3 Core Values listed in Table 5 can be readily integrated
within MCDA tools. Secondly, the Core Values presented here represent a set of priorities from the
point of view of the vaccine community and thus should be considered a subset, albeit a crucially
important one, which can be both taken into consideration as a standalone component but also inte-
grated within a broader array of a more general set of largely aligned stakeholder objectives for vaccine
evaluation. Such objectives should be prioritised, and the core values identified in the present study,
should be validated in future studies with larger cohorts.ii

Finally, as mentioned above, an essential component of vaccine evaluation and assessment strategies
is the integration of the broad benefits of vaccination (Bärnighausen et al., 2014a; Bärnighausen et
al., 2014b; D. E. Bloom, 2015; David E. Bloom et al., 2011). Taking informed decisions concerning the
introduction of a vaccine under consideration and simultaneously understanding the implications for
individuals and public health policy, and other policy fields (Frenk & Moon, 2013) necessitates the
implementation of the most comprehensive, equitable and systematic evaluation procedures available
on which to base such decisions. Collectively, Core Values for Vaccine Evaluation, in conjunctionwith
broad benefits, systematic benefit assessment tools, and health economic analyses, can render such
decisions highly effective and equitable, thereby conferring upon them increased accountability and
potential for maximum impact.

It is also worth noting that most of the challenges inherent in vaccine evaluation are generic to the as-
sessment of healthcare innovations (Bryant et al., 2014) and interventions (Bærøe & Baltussen; Tromp

iiA discussion of noteworthy results not central to the main conclusions of this paper is to be found in supplementary
materials.
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& Baltussen, 2012; Norheim et al., 2014) and, therefore, the rationale and method employed for this
study may be usefully extended into the general healthcare field to develop, for example, core values
for health technology assessment.
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Abstract
Introduction: Healthcare decisions, in particular those affecting entire populations, should be evidence-
based and taken by decision-makers sharing broad alignment with affected stakeholders. However,
criteria, priorities and procedures for decision-making are sometimes non-transparent, frequently
vary considerably across equivalent decision-bodies, do not always consider the broader benefits of
new health-measures, and therefore do not necessarily adequately represent the relevant stakeholder-
spectrum.
Areas covered: To address these issues in the context of the evaluation of new vaccines, we have pro-
posed a first baseline set of core evaluation criteria, primarily selected by members of the vaccine
research community, and suggested their implementation in vaccine evaluation procedures. In this
communication, we review the consequences and utility of stakeholder-centered core considerations
to increase transparency in and accountability of decision-making procedures, in general, and of the
benefits gained by their inclusion in Multi-Criteria-Decision-Analysis tools, exemplified by SMART
Vaccines, specifically.
Expert commentary: To increase effectiveness and comparability of health decision outcomes, de-
cision procedures should be properly standardized across equivalent (national) decision bodies. To
this end, including stakeholder-centered criteria in decision procedures would significantly increase
their transparency and accountability, support international capacity building to improve health, and
reduce societal costs and inequity resulting from suboptimal health decision-making.
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3.1 Introduction

“’Good’ (global) governance for health should exhibit at least the following key traits:
effectiveness, equity, and efficiency in achieving outcomes, as well as credibility and
legitimacy in decision-making processes.“ (Frenk & Moon, 2013)

Vaccination is considered to be among the most effective primary prevention measures to combat
infectious diseases (Koff et al., 2013). Historically, vaccine value assessment and introduction were
predicated on the morbidity and mortality rates pertinent to the infectious disease in question, and
the potential of a new vaccine for reducing them (Black, 2013). More recently, and currently in most
countries, (new) health interventions, and in particular those for which the provision and cost are or-
ganized and covered by governmental/public entities, are scrutinized by health economic assessment
(HEA) (OECD, 2015). As an a priori component of decision-making procedures, HEA significantly
impacts on the scope of possible outcomes, which can be (a) refusal, (b) restricted use, or (c) unre-
stricted recommendation (for introduction), and/or (d) partial or full reimbursement of interventions
within a health system (Nicod, 2016).

HEAs are conducted to assess the level of justification primarily for replacing existing with novel in-
terventions (resource re-allocation) or, should no comparator exist, the affordability for the healthcare
system to commit additional resources for their introduction (e.g. by increasing associated budgets)
(Drummond et al., 2015). To assess an intervention’s efficiency at achieving a clinical outcome (i.e.
cost-effectiveness), health economic analysts run models to simulate a variety of plausible scenarios
over a relevant time period and, in most cases, benchmark them against one or more comparator(s)
(Drummond et al., 2015). However, vaccine-effectiveness modelling, in particular for novel vaccines
(and indeed any entirely new clinical procedure), can be a challenge. Despite sophisticated modelling
approaches, and a recent expert consensus statement for the economic evaluation of vaccines (Ultsch
et al., 2016), considerable uncertainty usually remains in HEA-modeling results due to multiple issues
most frequently associated with suboptimal availability of data and empirically confirmed effect sizes
(Ultsch et al., 2016). In many cases, empirical (efficacy) data derived from clinical trials is available
(Kim & Goldie, 2008) but, when used for population-level modelling (Jit et al., 2013), uncertainties
exist concerning the appropriateness and accuracy of important vaccine impact (effectiveness) pa-
rameters, such as the level of reliability for measured correlates of vaccine protection, probability of
transmission, force of infection, effectiveness resulting from indirect (herd-)effects, (sero-)type cov-
erage and replacement, etc. (Kim & Goldie, 2008; Jit et al., 2013; Marsh et al., 2012; Black, 2014).
In addition, bacteria and viruses can mutate (e.g. become resistant to antibiotics) at rates relevant
to individual infections, which may increase infection severity or transmission, or diminish the ef-
fectiveness of therapeutic interventions, such as antibiotics, highlighting further significant value
that vaccines provide to disease-prevention strategies (Phelps, 2015). Furthermore, the generalizabil-
ity of trial data (Black, 2015) and the applicability of model results to other settings (James et al.,
2005), and, most importantly, long-term effects, are difficult to anticipate. For example, Mina et al.
demonstrated the significant benefit the measles vaccine represents for protecting against long-term
(2–3 years) ‘measles-associated immune memory loss’ (Mina et al., 2015) against all-cause infectious
diseases (non-measles pathogens): the incidence rates for measles and the mortality rates for other
infectious diseases were highly positively correlated. Their work involved multiple time-series analy-
ses comparing trends for measles incidence rates with mortality rates of other infectious diseases for
three cohorts – in the USA, England and Wales (E&W), and Denmark (DK). All cases were based on
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population-level data and each spanned a time period of 20 years (USA: 1945–1965; E&W: 1955–1975;
DK: 1990–2010) (Mina et al., 2015). However, despite the importance of these findings for vaccination
policy and strategies, the design and conduct of clinical trials at this scale is both practically and ethi-
cally not feasible and, in consequence, potential long-term and complex multiplier benefits of immu-
nization cannot in many cases be included in health economic models. The characteristics/parameters
chosen for economic factors may similarly represent significant challenges for adequate interpretation
and comparability of study results. For example, different discount rates (James et al., 2005; Beutels
et al., 2002) and especially (selective) differential discounting (Ultsch et al., 2016; O’Mahony et al.,
2014), the cost perspective, i.e. types of costs and benefits included or excluded (Drummond et al.,
2015; Jit et al., 2013; Bärnighausen et al., 2014a), methods employed for economic valuation of statis-
tical life, see e.g. (Landefeld et al., 1982; Dore et al., 2013), and consideration of other factors, such as
if the costs of containing infectious disease outbreaks, see e.g. (Chen et al., 2011; Ozawa et al., 2016),
associated with vaccine hesitancy (individuals delaying or receiving routine vaccination) (Siddiqui et
al., 2013; Larson et al., 2015; MacDonald, 2015) are included, can significantly impact on modelling
results. Considering the crucial value of vaccines in (primary preventive) public health measures, and
the impact HEA-modeling results can have on recommendations for their introduction, it appears
of paramount importance that across-the-board evaluation assumptions, methods, decision proce-
dures, and, importantly, priorities, are appropriately standardized, transparent and accountable, and
therefore outcomes sufficiently address to an adequate level the concerns of all affected stakeholders.

Recent reviews by Kaaniche et al. (2015) and Nicod (2016) strongly suggest that, in general, the pro-
cedures and priorities employed across national HEA-/decision bodies vary significantly. Kaaniche
et al. found that the National Institute for Health and Care Excellence (NICE, UK) and the Institut
für Qualität und Wirtschaftlichkeit im Gesundheitswesen (IQWiG, Germany) are generally markedly
more restrictive than the Haute Autorité de Santé (HAS, France) in granting conditional marketing
authorization for identical interventions (in their case targeting serious conditions) (Kaaniche et al.,
2015). Nicod’s results were almost identical: across an admittedly limited cohort of three European
OECD-countries, in her casewith highly similar levels of (a) total health expenditures (THE) as a share
of GDP (10–11%) (OECD, 2016) and (b) shares of public funding of THE (80–85%) (OECD, 2016)
(France, Sweden, the UK [including Scotland and England]), assessments of identical interventions
for severe conditions in the majority of cases did not lead to equal recommendations (Nicod, 2016).
Naturally, evaluation and decision outcome variability is to a certain extent due to specific charac-
teristics in different settings under consideration: epidemiological need (e.g. for vaccines serotype
prevalence), costs of an intervention and corresponding willingness-to-pay thresholds, evidence in-
cluded and grading methods, etc., (see e.g. Nicod, 2016; Nohynek et al., 2013). However, these reviews
both conclude that the variation in the decision outcomes under consideration were significantly im-
pacted by different core criteria and methodological evaluation priorities (Nicod, 2016; Kaaniche et
al., 2015). For example, HAS did not consider cost-effectiveness for initial approval (Nicod, 2016)
and recommended promising interventions targeting severe diseases even without ‘ideal/complete’
data availability (Kaaniche et al., 2015). Together, these findings indicate that access to and provision
of disease prevention (and treatment) measures across different countries are not standardized and
thus have important implications for decision comparability and equity.

The majority of national vaccine recommendation bodies – National Immunization Technical Ad-
visory Committees (NITAGs) – advising health policymakers, take into consideration HEA results
together with relevant attributes of (vaccine) benefit (Ultsch et al., 2016). Previous reviews found that
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information for NITAG policy making procedures was scarce (Bryson et al., 2010) and identified a
variety of areas for improvement, in particular concerning the expertise of committee members and
guidance for evaluating the evidence base (Gessner et al., 2010). Although NITAGs are increasingly
adopting or have already adopted formal and systematic procedures, and commonalities concerning
decisioning criteria exist, suboptimal standardization and transparency of assessment procedures are
still commonplace (Nohynek et al., 2013; WHO, 2016; Takla et al., 2015). Therefore, comparability of
decision procedures and priorities across different decision scenarios and NITAGs remain a challenge
(Ricciardi et al., 2015), with corresponding implications for equity.

Importantly for the endpoints of this work, if decision outcomes (be they based primarily on HEA-
results and/or other arguably equally important considerations, i.e. vaccine benefits), are not per-
ceived as having been reached with the best interest of affected stakeholders in mind, they can cause
significant social costs and stakeholders’ frustration with the decision-makers and their assessment
methods and priorities. An illustrative example of such a divisive decision was, in the UK of 2013, the
assessment for introduction of the first European Medicines Agency-approved (European medicines
agency, 2012a; European medicines agency 2012b) Meningococcus B vaccine (4CMenB). While the
clinical need for a vaccine had previously been implicated (Public Health England, 2015), recom-
mendation of the vaccine was not issued by the Joint Committee on Vaccination and Immunisation
(JCVI) (Joint Committee on Vaccination and Immunisation, 2013) – the UK’s NITAG. The JCVI’s
decision was primarily reached on grounds of an unpublished HEA (Christensen et al., 2013), which,
according to some scholars, was based on controversial assumptions and data, and included major
uncertainties concerning relevant correlates of protection (Black, 2014; Joint Committee on Vacci-
nation and Immunisation, 2013; Mekalanos, 2013; Moxon, 2013). In consequence, private individuals
and academics alike criticized the JCVI’s decision and called for re-evaluation of the vaccine (Black,
2014; Mekalanos, 2013; Moxon, 2013; Meningitis Now, 2017). Eventually, based on the results of
a revised HEA (Christensen et al., 2014) that included more favorable assumptions concerning vac-
cine effectiveness, and an updated (substantially reduced) price per dose by the vaccine manufacturer
(Christensen et al., 2014), the JCVI in 2014 recommended the introduction and reimbursement of
4CMenB (Joint Committee on Vaccination and Immunisation, 2014). The challenges of introducing
a human papilloma virus vaccine in Australia is an example of similar nature (Beutels et al., 2010).

In the initial decision, the JCVI argued that the vaccine would probably not be cost-effective “at
any vaccine price based on the accepted threshold for cost effectiveness [i.e. willingness-to-pay] used
in the UK” (Joint Committee on Vaccination and Immunisation, 2013). Currently, the willingness-
to-pay threshold in the UK is £20,000–£30,000 per quality-adjusted life-year (QALY, a composite
index of time spent at a specific quality of life) (Claxton et al., 2015). Importantly, the values set for
the cost-effectiveness threshold in the UK are highly controversial (Raftery, 2014) as they are, it has
been argued, based at best on anecdotal and non-empirical evidence (Claxton et al., 2015; Rawlins et
al., 2010). Recently, health economists have suggested that for the UK a central (average) threshold at
circa £13,000 might be, from an NHS budgetary perspective, more appropriate (Claxton et al., 2015),
potentially adding further uncertainty to the future introduction of novel vaccines preventing severe
conditions.

In the Netherlands, a more flexible approach to cost-effectiveness is employed. The willingness-to-
pay threshold for diseases with low severity is €10,000 and ranges for diseases with high severity up
to €80,000 (Baltussen, 2015). Consequently, it can be assumed that, as meningococcal disease (caused
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by serogroup B Meningococcus), is considered a high-severity condition, more HEA scenarios under
consideration for the UK would have been deemed cost-effective if the Dutch threshold model were
applied. It is noteworthy that willingness-to-pay thresholds in other countries are similarly flexible
and/or high: e.g. theUSA’s at $50,000–$100,000 perQALY (Grosse, 2008) andNorway’s at€100,000
(Pedersen et al., 2016). It should be emphasized that the 4CMenB example given here is not intended
to discredit the work of the JCVI but rather to illustrate in general the complex challenges resulting
from (a) vaccine-disease evaluation uncertainty and (b) (health economic) priorities in some cases not
reflecting all relevant stakeholder concerns/preferences.

In addition to the issues discussed above, recent research has identified substantial broad societal
and economic benefits of vaccination (Bärnighausen et al., 2014a; Bloom et al., 2011; Bärnighausen
et al., 2014b; Bloom, 2015). These broad benefits include, at the individual level, increased peri-
ods of education, employment productivity, average increases in income and financial stability, etc.,
and, in consequence, population-level effects, such as national economic development and welfare
(Bärnighausen et al., 2014a). For example, Bloom et al. identified effects of vaccination leading to a
higher than 20% rate of return on expenditures for vaccination (Bloom, 2015). It is noteworthy that
the social (11–25%) and private (17–24%) rates of return for primary, secondary, and high/school ed-
ucation, which are frequently considered benchmark indicators for assessing national developmental
levels, are highly similar to the estimated 18–21% return on investment (ROI) attributed to vaccina-
tion (Bloom, 2015; Psacharopoulos, 1972). Despite these significant and important collateral benefits
of vaccination, they are rarely incorporated into evaluation and decision procedures (Bärnighausen et
al., 2014a).

Recognition of the challenges listed here inevitably identifies the urgent need to improve incorpora-
tion of diverse affected stakeholder concerns and benefits in vaccine (and, more generally, in other
healthcare intervention) decision-making procedures to minimize social and friction costs, and facil-
itate sustainable, equitable, and accountable decision outcomes. In summary, these challenges are

(a) non-standardization of priorities and the, in some cases, suggested suboptimal levels of proce-
dural transparency and accountability across HEA-bodies and NITAGs;

(b) considerable diversity in willingness-to-pay thresholds (assumed societal preferences) exacer-
bated by substantial uncertainty in vaccine modeling efforts; and thus

(c) equity issues indicated by different HEA/recommendation outcomes in similar OECD coun-
tries;

(d) hitherto insufficient inclusion of the broad benefits of vaccination in vaccine evaluation; and
(e) the increasing spectrum of and thus diversity of perspectives/viewpoints and issues for affected

stakeholders.

3.2 Accountable decision-making and potentially relevant stakehold-
ers

The degree of stakeholder equity represented in decision outcomes should ideally be constant. In
general, decision-makers sharing a broad baseline of agreement with concerns and values of affected
stakeholders are considered to be in the best position to achieve the most equitable decision out-
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comes (Mansbridge, 2005). However, in addition to the recognition of the specific challenges de-
scribed above, decision-makers cycle on and off committees, and therefore their alignment with
stakeholders will inevitably vary to some degree over time. Therefore, it is essential that the issues of
transparency, accountability, and equity relate to the decision-making procedures, rather than to the
decision-makers themselves.

Accountability refers to the capacity of affected stakeholders to provide incentives to decision-makers
for favorable actions and decisions, and to impose sanctions in the case of unfavorable actions and
decisions (Keohane, 2003), by, i.e. withdrawing mandates or publically petitioning against, or by
other means contesting, political decisions that are not coherent with stakeholder concerns and val-
ues (Keohane, 2003). The successful petition/campaign against the JCVI’s initial 4CMenB refusal,
and subsequent introduction of the vaccine, is a case in point. If, however, affected stakeholders do
not have access to such mechanisms, there exists an accountability gap. To address these issues, and
also competing stakeholder interests, it has been suggested that procedures and criteria should ide-
ally be standardized across relevant decision scenarios to regularize restraints and ensure stakeholder
concerns are incorporated adequately (Keohane, 2003).

As this work is of a broad conceptual nature, we refer to decision-makers as those charged with taking
decisions within an institutionalized context on vaccine recommendation and implementation, i.e.
experts involved in NITAGs and policymakers evaluating the utilization of vaccines for relevant and
vulnerable populations. By stakeholders we refer primarily to those affected by decisions (and thus,
ordinarily, also the decision-makers), i.e. who

• receive or do not receive a vaccine (e.g.[sub-]populations);
• administer a vaccine (e.g. clinicians, healthcare workers);
• evaluate/contemplate recommendation of a vaccine (e.g. HEA bodies, NITAGs);
• introduce and/or reimburse a vaccine (e.g. Ministries of Health, Donor Agencies);
• regulate and organize vaccine administration (e.g.National Regulatory Agencies, vaccine pro-

gram managers); and
• develop, manufacture, and market a vaccine (e.g. public and private research institutions, com-

mercial enterprises).

3.3 The importance of core values for vaccine evaluation
Identifying broad stakeholder concerns and properly including them as a constant factor in decision-
making procedures is essential for equity. To begin to address some of the issues outlined above, we
have previously reported (in Timmis et al., 2017) our consultation of a range of expert members from
the global vaccine community (primarily research-based) to assess the feasibility of identifying core
vaccine evaluation criteria across a diverse spectrum of vaccine-disease considerations, see supple-
mentary information in (Timmis et al., 2017). We statistically identified two nearly identical sets (4/5
attributes) of potential Core Values for Vaccine Evaluation (CVs), for which (across both studies) the
decisively strongest agreement was determined for (in rank order):

• incidence disease cases prevented per year
• cost-effectiveness (including cost–benefit and cost–utility analysis)
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• high mortality disease (case-fatality-rate)
• severity of target disease (risk of morbidity and mortality)

Although similar criteria are already in use by many NITAGs (Nohynek et al., 2013), a more defini-
tive identification, measurement, benchmarking, and weighting of core considerations for vaccine
evaluation for a broad stakeholder base requires further assessment with a larger sample and iteration
between all (affected) stakeholders. Importantly for the argument of this work, basing evaluation pro-
cedures on such a standard set of considerations effectively regularizes restraints and thus facilitates
comparable and accountable decision outcomes relevant to all affected stakeholder concerns and val-
ues. In what follows, we present two central components of accountable (healthcare) decision-making
and discuss

(a) our rationale in developing the CVs and the general benefits we believe accrue by including
CVs in evaluation-procedures, and

(b) the utility of their implementation in the first vaccine-specificMulti-Criteria-Decision-Analysis
(MCDA) tool, namely SMARTVaccines (StrategicMulti-Attribute Ranking Tool for Vaccines)
(Institute of Medicine, 2012).

3.3.1. Rationale for developing, and benefits of, core values for vaccine evaluation
CVs should represent a baseline of concerns and values (shared by all affected stakeholders) and ad-
equately balance competing interests. Therefore, incorporating CVs in decision-making/evaluation
procedures considerably improves representation of all stakeholders and helps prevent marginaliza-
tion of relevant concerns. In addition, CVs also significantly and sustainably reduce the degree of
variability in stakeholder↔decision-maker alignment (e.g. caused by committee member rotations
over time). This addresses one essential criterion of good global governance for health – equity. In
addition, CVs should constitute and ensure a baseline of transparency and, more importantly, ac-
countability in decision-making procedures: i.e. tether outcomes to recognized, standardized, and
disclosed (transparent) criteria, and thereby increase their effectiveness, (inter-)comparability and
credibility. Moreover, CVs should counteract groupthink (Seok, 2011), which can lead to subopti-
mal/unfavorable outcomes, and reduce the potential for agenda hijacking by dominant committee
members. The ultimate goal/maxim and thus utility of CVs is to guarantee that, even if none of
the affected stakeholders was involved in an evaluation or decision-making procedure, the procedure
would nonetheless incorporate their preferences to a standardized degree and, in consequence, the
outcomes would reflect the a priori determined baseline values and concerns of the stakeholders it
affects. Furthermore, if CV-predicated procedures were to be uniformly employed across decision
entities on the horizontal (e.g. national level: HEA bodies, NITAGs, vaccine manufacturers) and
vertical axes (e.g. subnational, national, and international level: NITAGs, ministries of health, inter-
national regulators), decisions would be standardized across the diverse spectrum of decision-makers,
substantially increasing their alignment, and thus decision effectiveness and accountability.

3.4 Multi-Criteria Decision Analysis and SMART vaccines
MCDA is well-suited for incorporating CVs in decision procedures. Healthcare decision-makers are
confronted with an ever-expanding intervention↔disease-specific evidence base and, frequently, con-
flicting perspectives and evaluation criteria (Marsh et al., 2016). Therefore, scholars have recently in-
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creasingly proposed the adoption of MCDA in (vaccine-)evaluation scenarios, (see e.g. Black, 2014;
Thokala et al., 2016). MCDA is a methodology to systematically take into account, structure, and
weight diverse criteria, and thus rank decision alternatives (health interventions) under considera-
tion (Devlin et al., 2011). A major advantage of MCDA is that identified intervention benefits can
be taken into consideration together with health economic analysis (Baltussen, 2015; Devlin et al.,
2011; Claxton, 2015). Application of an MCDA procedure in healthcare settings involves three steps:
firstly, all attributes of benefit relevant to the different healthcare interventions are compiled in a
performance matrix. This constitutes different constellations of intervention-specific benefits. Sec-
ondly, weights are assigned to the identified benefits. Finally, the various interventions are evaluated
and presented in rank order (Devlin et al., 2011). Decision-makers involved in the procedure may
assign the benefit weights, with or without consultation of relevant stakeholders. However, and cru-
cially for the purpose of this discussion, the most desirable means of determining weights is to survey
preferences of expert and stakeholder groups in an inclusive, deliberative process (Marsh et al., 2016;
Claxton, 2015). The different current Health-related quality of life indices used to assess health out-
comes in clinical trials might serve as references for such weighting indices (Drummond et al., 2015;
Whitehead et al., 2010; Centers for Disease Control and Prevention, 2016).

In 2012, the Institute of Medicine (IOM) published Ranking Vaccines: A Prioritization Framework:
Phase I: Demonstration of Concept and a Software Blueprint, which outlined a concept for the first
vaccine-specific MCDA tool – SMART Vaccines – to be used by different relevant stakeholders to,
e.g. prioritize vaccine development (manufacturers), or compare different vaccine candidates for
recommendation/introduction purposes (e.g. Public Health agencies) (Institute of Medicine, 2012).
SMART Vaccines (SV) was born out of the need for a more sensitive methodology for assessing vac-
cine candidates for vaccine prioritization reports. The IOM created a committee charged with creat-
ing a flexible assessment and prioritization tool that adequately captures vaccine impact, and offers
a multiplicity of (mostly qualitative) attributes to associate the SV results with user-specific needs
(Institute of Medicine, 2012). Since 2012, the IOM and the US Department of HHS have been refin-
ing the SMART Vaccines software, which is available for download (The National Academies Press,
2016).

Basically, potential users of SV, such as evaluation bodies (e.g. NITAGs, HEA-/Public Health agen-
cies), health economic analysts, marketing professionals, etc., are guided through a four-step data
entry process: (a) relevant demographic and economic data are queried, (b) parameters of the target
disease(s) and (c) those of the vaccine candidates are specified, and (d) users tailor the results to their
specific needs by choosing from 29, mostly qualitative attributes, which they subsequently rank. In
addition, SMART Vaccines offers the possibility of including up to eight additional custom qualita-
tive attributes. Although SV employs the rank-order centroid method (Barron et al., 1996) as a default
setting to automatically weight the selected attributes according to the corresponding rank chosen,
users may choose to modify the value of the individual weights, and thus additionally fine-tune their
assessments (Institute of Medicine, 2012). Over and beyond the increased precision achieved by fine-
tuning results, a major benefit is that user preferences are generally rendered transparent to fellow
decision-makers. Although this in itself is a significant endpoint for facilitating informed (transpar-
ent) and thus effective discussion to identify the potentially most adequate decision that most likely
achieves the desired outcome, the properties providing considerable flexibility (and transparency)
also constitute a major disadvantage: the non-comparability of SMART Vaccines results. Compa-
rability is a separate issue, which is not explicitly dealt with in this work; however, standardization
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(to control for undesired variability) and transparency (to identify variability not controlled for by
standardization) are crucial prerequisites for comparing evaluation results and are dealt with below.

3.5 Transparency and accountability criteria

To ensure that broad stakeholder concerns are appropriately considered in decision procedures, the
latter need to be transparent and accountable. Transparency is crucial to inform affected stakehold-
ers of the nature of decision-making procedures and of the different factors determining decision
outcomes. Importantly, it improves accountability by facilitating control and scrutiny over the pro-
cedures under consideration, i.e. mismatches regarding alignment between the stakeholder and repre-
sentative are revealed (Peters, 2016). However, measures employed to render transparent the different
elements of decision-making need to be balanced and tailored to the situations they are intended for
– most notably, because measures and degrees of transparency can predetermine the scope of possible
outcomes in manifold ways. For example, if the ‘costs’ of being transparent inappropriately outweigh
its benefits, e.g. if the level of recording and detailing of deliberations is inappropriately high and
committee members are frustrated by inadequate levels of documentation/administration, effective-
ness of the core procedures can be considerably negatively impacted (Mansbridge, 2005). Similarly,
security and privacy considerations, business and trade secrets, etc., might be legitimate reasons for
exemption from disclosure in transparency measures (Peters, 2016). In addition, due to the absence
of consensus concerning core ethical principles for the fair allocation of limited healthcare resources
(Bærøe, 2014), accountability for reasonableness (A4R) (see section below) is particularly important
as it includes conditions for fair and reasonable decision-making procedures.

3.5.1 Transparency
It has been suggested that primarily two types of transparency exist: (1a) transparency in rationale
(TiR) and (1b) transparency in process (TiP). TiR refers to the public disclosure of information con-
cerning the general conditions surrounding the decision-making procedure, such as (a) timeline, elec-
toral methods, etc., (b) relevant information, such as underlying assumptions (e.g. ‘facts’, perspectives,
criteria for assessments), and, most importantly, (c) reasons for preferring one over another potential
alternative. TiP refers to detailed recording and, in some cases, real-time reporting of proceedings,
personal discussions, interim stages of decision-making, etc. (Mansbridge, 2005; Reh, 2014; de Fine
Licht et al., 2014a; Mansbridge, 2011).

TiR and TiP can be further subdivided into (2a) internal transparency (within the committee, be-
tween committee members) and (2b) external transparency (outside the committee, i.e. to the general
public) (Martin et al., 2002). Additionally, two modes of transparency provision can be distinguished.
First, (3a) transparency in real time and (3b) transparency in retrospect (de Fine Licht, 2014b). The
former refers to, e.g. proceedings open to the public or the simultaneous recording and broadcast-
ing of the decision-making procedure on, e.g. television, internet stream, etc., whereas the latter to
recording and later distribution of the recordings after the decision-making process has concluded.
Second, recordings of committee deliberations can be either (4a) proactively distributed or (4b) avail-
able on demand (de Fine Licht, 2014b). 4a concerns active promotion and distribution of the actual
recording materials, or information about them, via various channels, whereas 4b refers to a more
conservative handling of records – available upon request (de Fine Licht, 2014b).
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3.5.2 Accountability for reasonableness
A4R, introduced by Daniels and Sabin in 2002, has become the leading framework for lending ‘fair-
ness criteria’ to healthcare decision-making (Daniels et al., 2002). A4R is particularly relevant for
MCDA as it complements the numerical evaluation with normative guidance. It includes four con-
ditions for fair and reasonable decisioning:

(1) The Publicity Condition concerns transparency for the rationale of the decision-making pro-
cess. This condition is covered by the criteria outlined in the section above.

(2) The Relevance Condition refers to the adequacy of assumptions and reasons for the rationales
of decisions. For these to be adequate, they must be considered reasonable by the ‘fair minded’
(‘fair minded’ refers to stakeholders who desire the most equitable decision outcomes, even if
the latter adversely affect them or others).

(3) The Appeals Condition constitutes the possibility of revisiting decisions, in case new evidence
and/or changed circumstances emerge and thus render necessary a reevaluation.

(4) The Enforcement Condition sets forth the necessity of mechanisms to ensure that the first three
conditions are met.

3.6 Analysis
Table 6 shows which criteria and conditions are currently met by SMART Vaccines and the Core
Values.

3.6.1 Transparency
Transparency in Rationale (1a): As shown in Table 6, although SMART Vaccines facilitates disclo-
sure of the attributes chosen by its users and thus renders transparent the individual and aggre-
gate set/space of priorities for further within committee discussion it does not, however, disclose

Table 6: Current fulfillment of transparency and A4R criteria of SMART vaccines (October 2016) and Core Values. (Green:
criterion met; red: criterion not met)

Criteria/conditions SMART Vaccines Core Values

Transparency
1a: Transparency in rationale 7 3
1b: Transparency in process 7 n/a
2a: Internal transparency 3 3
2b: External transparency 7 3
3a: In real time 7 3
3b: In retrospect 7 3
4a: Proactively distributed 7 7
4b: Available on demand 7 3

A4R
Publicity condition 7 3
Relevance condition 7 3
Appeals condition 3 n/a
Enforcement condition 7 7
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this information to the public (7). The extent to which CVs incorporate broad stakeholder values
(consensus-weighted attributes), i.e. their specific impact (weighting) on SV evaluation results, would
be publically available (3) via the SV documentation (see below), and CVs would thereby increase
transparency.

Transparency in Process (1b): As SMART Vaccines has no mechanism for recording individual discus-
sions (Madhavan, 2015) it does not offer insights into TiP (7). From a conceptual viewpoint, constant
factors for procedures, such as CVs, do not apply to TiP (n/a).

(2a) Internal (committee) and (2b) external (public) transparency: SMART Vaccines discloses SV user
priorities (chosen attributes) internally (3) within the decision-making body, but not externally (7)
to the public. CVs’ impact on (SV-) evaluation results would be disclosed internally (3) and externally
(3) by the documentation provided, and thereby increase transparency.

Transparency in real time (3a) and in retrospect (3b): Currently, SV does not track/record the at-
tributes chosen by its users and, in consequence, cannot disclose these preferences to the public in
real time nor in retrospect (7, 7) (Madhavan, 2015). For the reasons cited above, CVs and their impact
on decision outcomes would be available in real time (3) and in retrospect (3), and hence increase
transparency.

Transparency proactively distributed (4a) and available on demand (4b): Similarly, to fulfill these
criteria, a tracking/ recording mechanisms and public disclosure would need to be implemented in
SV (7, 7) (Madhavan, 2015). The Institute of Medicine has regularly (2012, 2013, 2014) published
updated documentation, in particular detailing modifications to the SV framework (The National
Academies Press, 2016). The SV documentation can be accessed free of charge from the IOM website
(The National Academies Press, 2016). Should the SV documentation continue to be updated (in e.g.
regular intervals), and the CVs included, they automatically be available on demand (3), however,
their proactive distribution would not be guaranteed (7).

3.6.2 Accountability for reasonableness

Publicity condition: Although individual SV-user rationale in evaluations (selected attributes and
weights) is rendered transparent to fellow decision makers, the former is not disclosed to the public
(7). CVs, however, would be in the public domain (3) (via the SV documentation), and therefore
fulfill the Publicity condition.

Relevance condition: SMART Vaccines currently does not fulfill the relevance condition as it does
not obligatorily incorporate broad stakeholder values (7) – i.e. consensus among ‘fair-minded’ stake-
holders. CVs represent this broad stakeholder perspective (3) and consequently fulfill the relevance
condition.

Appeals condition: The SMART Vaccines committee consults with SV-users and other stakeholders
to receive feedback and, if feasible, modifies SV, as exemplified by the revision of the SV-suite/software
to version 1.1 (Madhavan, 2015). This facilitates a necessary mechanism to fulfill the appeals condition
(3). CVs are currently not defined in detail, so this condition does not apply for the time being (n/a).
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Enforcement condition: The utilization of SMART Vaccines in decision-making procedures is vol-
untary and consequently SV does not fulfill the enforcement condition (7). CVs are subject to the
identical issue (7). Enforcement would depend on their general adoption in decision-making proce-
dures, and e.g. integration with MCDA/evaluation tools.

3.6.3 Synthesis
As shown in Table 6, CVs meet the majority of Transparency criteria except for TiP and proactive
distribution. SMART Vaccines, in its current version, fulfills internal transparency, an essential cri-
terion, but does not meet criteria 1a and 2b–4b, which, apart from criterion 3a – transparency in real
time, are crucial for informing stakeholders of the specific rationale of decision-making procedures.
SMART Vaccines could fulfill criteria 1a, 2b, 3b, and 4b (Table 7) and feature a higher level of pro-
cedural accountability and transparency, without disclosing individual decision-maker positions, if a
mechanism were to be incorporated to anonymously record the priorities (attributes and weights) se-
lected by different SV-users and to publically disclose these choices, ideally, together with the specific
rationale and aim of the decision-making procedure.

As also indicated in Table 6, SMART Vaccines currently does not fulfill the publicity and relevance
conditions, and CVs would, initially, not fulfill the appeals condition. However, by incorporating the
above mentioned anonymous SV-user preference logging mechanism with subsequent public disclo-
sure, and including via CVs concerns shared equally by all affected stakeholders, CVs would introduce
a baseline, reasonable (‘fair-minded’) component into SV, and hence SV would meet both the public-
ity and relevance conditions (Table 7). In addition, once CVs were conclusively defined, measurable,
and weighted, and communicated via relevant journals and other channels, they would fulfill the
proactively distributed criterion. Moreover, if an appropriate re-evaluation and appeals mechanism
for CVs were to be established, the appeals condition would likewise be fulfilled.

In 2015, a member of the SV Committee disclosed that a web-based version of SMART Vaccines

Table 7: Prospective fulfillment of transparency and A4R criteria of SMART vaccines and Core Values, if the proposed mod-
ifications were to be implemented; 19 of 24 criteria would be jointly fulfilled by SV and Core Values. (Green: criterion met;
red: criterion not met)

Criteria/conditions SMART Vaccines Core Values

Transparency
1a: Transparency in rationale 3 3
1b: Transparency in process 7 n/a
2a: Internal transparency 3 3
2b: External transparency 3 3
3a: In real time 7 3
3b: In retrospect 3 3
4a: Proactively distributed 7 3
4b: Available on demand 3 3

A4R
Publicity condition 3 3
Relevance condition 3 3
Appeals condition 3 3
Enforcement condition 7 7
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was going to be created ‘in the near future’ (Madhavan, 2015). This might offer the ideal opportunity
to integrate modifications considered necessary to the framework. It should be noted here that the
Enforcement condition could be met for SMART Vaccines and/or CVs if one or both are adopted by
policymakers and required as standard practice.

While we are aware that certain factors, such as the enforcement or appeals conditions, indicate adap-
tation of legal and policy/regulatory frameworks, this work is concerned with the underpinning prin-
ciples of accountable vaccine decisioning: ‘technical’ aspects of implementation warrant a different
framework for analysis and will not be dealt with here. Moreover, at the risk of stating the obvious,
we wish to emphasize that CVs in any case will and should evolve with advances in knowledge and
changing stakeholder priorities.

3.7 Conclusion

The need for structuring and comparing the constantly evolving and increasing evidence base of
vaccine- and disease-specific and healthcare-cost-relevant data will continue to drive the demand
for rational, systematic, and effective methods to assist decision-makers. However, if the goal of vac-
cine decision-making is to ensure responsible and timely protection of both vulnerable individuals
and populations from high morbidity and mortality infectious diseases, both health economic anal-
yses and a broad, standardized, and stakeholder-centric perspective on immunization value need to
be simultaneously considered during assessment deliberations. Therefore, evaluation and decision
procedures need to be both (a) flexible, to effectively assist decision-makers (with the multiplicity
of assessment criteria), and (b) transparent, reliable, and thus accountable to the various concerns
and benefits of affected stakeholders. Our proposition, the implementation of stakeholder core con-
siderations in SMART Vaccines (and other relevant decision tools), would offer a first and timely
MCDA-supported vaccine-evaluation approach, integrating flexibility with a sustainably high level
of accountability for improving the accountability of vaccine decision-making outcomes. Our assess-
ment of CVs and SMART Vaccines therefore leads us to recommend:

(1) the future integration of core considerations within the SV framework;

(2) implementation of a logging mechanism within SV, to anonymously record the attributes and
weights chosen by users and publically disclose these choices, together with the endpoints and
general rationale of the decision-making procedure(s) under consideration; and

(3) a large-scale study of a broad (affected) stakeholder base – ideally presenting in a carefully
curated and minimally biased fashion information and examples regarding implications and
consequences of selectable criteria for study participants to reveal their authentic preferences
(Gorin et al., 2017) – to determine a baseline set of stakeholder-centered core considerations
and appropriate weights (Claxton, 2015); by e.g. an international health agency supported by
national entities.

It is also conceivable that ‘secondary’ CVs might be developed for a variety of decision entities and
scenarios. However, such ‘secondary’ core values would need to be coherentwith the ‘primary’ core val-
ues to maximize efficiency and guarantee standardization, transparency, and accountability. Should
SMARTVaccines or alternativeMCDA tools be optimized by embedding a core set of a priori stakeholder-
centered weighted attributes, they could deliver not only more effective, equitable, and transparent
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results, but specifically standardize vaccine assessments based on comprehensive and widely accepted
factors. Although this communication has primarily presented and discussed issues for vaccine eval-
uation, it is clear that the principles underlying these challenges, and our analysis and suggested im-
provements for procedural transparency and outcome accountability, apply to the wider healthcare
field and, if adopted, might usefully support the advancement of general healthcare decision-making
and evaluation procedures (Bærøe et al., 2014; Bryant et al., 2014; Tromp et al., 2012; Norheim et al.,
2014).

3.8 Expert commentary

Health Economic Assessment plays an important role in the evaluation of most new healthcare de-
velopments. However, from an international perspective, health economic guidelines are currently
poorly standardized (Timmis, 2016). Some national health economic guidelines, such as those em-
ployed in the UK (NICE), Germany (IQWiG), and France (HAS), are considered best practice and
their central components are frequently taken into consideration/ adopted by other countries when
designing and/or updating their own guidelines. Nonetheless, their scope varies considerably and a
lack of standardization and comparability remain important challenges for improving cost-efficiency
of health measures and, importantly, equal access for equal needs to preventive (and therapeutic)
health interventions across national boundaries. More importantly, for the endpoints of this work,
decision-makers and decision procedures will not automatically become more accountable for the
outcomes they deliver, through standardization alone. However, deciding on stakeholder-centric core
values and their weighting, and thence implementing – across the decision spectrum – core criteria
conform (‘inter-compatible’) decision procedures, as alluded to in Sections 3.1 and 7, will support and
incentivize facilitation of international and cross-agency policy integration. This will facilitate ef-
forts to achieve long-term stakeholder acceptability, and substantially reduce potentially inadequate
decision-making outcomes and the societal costs resulting from them. In addition, through increased
collaboration, countries and regional organizations in the process of establishing and/or evolving
formal regulation and decision infrastructure can profit from lessons learnt by currently established
institutions and agencies. This is especially true for capacity building, procedural design alternatives,
avoidance or attenuation of challenges to expedient and efficient consolidation of decision systems.

3.9 Five-year view

Our prediction for the state of the art in 5 years’ time is that, due to economic, political, and societal
pressure, awareness of the importance of transparency, accountability, equity, and broad stakeholder
involvement in vaccine decision-making will have further improved. As a consequence, mechanisms
that render decision outcomes considerably more equitable will have been developed and incorpo-
rated. Vaccine decision-making will be tethered to a broad constellation of Core Values, or similar
constant factors, and, as a result, become increasingly standardized across different agencies and hence
more comparable. Since the general principles articulated here are relevant for the majority of health
policy decisions, not just those related to vaccines, we predict that they will be extended to the wider
healthcare framework.
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3.10 Key issues
• Challenges exist for vaccine evaluation and decision-making outcomes concerning equity, com-

parability and, most importantly, accountability with regard to stakeholder concerns and ben-
efits

• Assessment is presented of (1) the value of stakeholder-centered core considerations for vaccine
evaluation, and (2) their utility in Multi-Criteria-Decision-Analysis (exemplified by SMART
Vaccines) decision support tools for improving the accountability of vaccine decision-making
outcomes, specifically on central components of accountability

• Analysis shows that inclusion of Core Values in vaccine-evaluation, and specifically in SMART
Vaccines, would considerably improve procedural transparency and accountability of vaccine
evaluation and subsequent decision-outcomes
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Abstract
Healthcare systems worldwide are confronted with major economic, organizational and logistical
challenges. Historic evolution of health care has led to significant healthcare sector fragmentation,
resulting in systemic inefficiencies and suboptimal resource exploitation. To attain a sustainable
healthcare model, fundamental, system-wide improvements that effectively network, and ensure ful-
filment of potential synergies between sectors, and include and facilitate coherent strategic planning
and organisation of healthcare infrastructure are needed. Critically, they must be specifically designed
to sustainably achieve peak performance within the current policy environment for cost-control, and
efficiency and quality improvement for service delivery. We propose creation of a new healthcare
cluster, to be embedded in existing healthcare systems. It consists of (i) local 24/ 7 walk-in virtu-
ally autonomous do-it-yourself Digital Medical Centres performing routine diagnosis, monitoring,
prevention, treatment and standardized documentation and health outcome assessment/reporting,
which are online interfaced with (ii) regional 24/7 eClinician Centres providing on-demand clinical
supervision/assistance to Digital Medical Centre patients. Both of these are, in turn, online inter-
faced with (iii) the National Clinical Informatics Centre, which houses the national patient data
centre (cloud) and data analysis units that conduct patient- and population-level, personalized and
predictive(-medicine) intervention optimization analyses. The National Clinical Informatics Centre
also interfaces with biomedical research and prioritizes and accelerates the translation of new discov-
eries into clinical practice. The associated Health Policy Innovation and Evaluation Centre rapidly
integrates new findings with health policy/regulatory discussions. This new cluster would synergis-
tically link all health system components in a circular format, enable not only access by all arms
of the health service to latest patient data, but also automatic algorithm analysis and prediction of
clinical development of individual patients, reduce bureaucratic burden on medical professionals by
enabling a greater level of focus of their expertise on non-routine medical tasks, lead to automatic
translation of aggregate patient data/new knowledge into medical practice, and orient future evolu-
tion of health systems towards greater cohesion/integration and hence efficiency. A central plank of
the proposed concept is increased emphasis on reduction of disease incidence and severity, to dimin-
ish both patient suffering and treatment costs. This will be achieved at the individual and population
levels, through (i) significantly improved access to medical services, (ii) stronger focus on primary and
secondary prevention and early treatment measures, and disease susceptibility prediction via person-
alized medicine, involving inter alia genome analysis at birth and periodic analysis of microbiomes
and biomarkers, and integration with other patient health and epidemiology parameters, (iii) im-
proved surveillance and (iv) intervention outcome benchmarking. The dMCs will become drivers of
innovation and integrative evolution in health systems, of disease reduction and efficiency gains, and
thus major contributors to development of sustainability of health care.
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4.1 Introduction
Over the past century, spectacular advances in medicine have resulted in previously unimaginable im-
provements in individual and public health. Historically, the evolution of medicine has been largely
organic, driven by new discoveries, developments and opportunities, rather than through concerted
strategic efforts to maximize synergetic effects, efficiency and satisfy long-term future priority needs.
This has led to significant fragmentation of clinical expertise, healthcare responsibilities, patient data,
financing and infrastructure, policy development and governance, etc., and thus collectively provide
for major potential to improve efficiency and cohesion (see e.g. Hirsch et al., 2016; Stange, 2009). In
addition, diverse factors, such as increases in life expectancy and average income, health system con-
figuration, (Chernew and Newhouse, 2011), etc., have substantially contributed to unsustainable rates
of expenditure increases for what is arguably our most valued public service. As healthcare resources
are limited, improving healthcare systems’ performance, i.e. efficiency, is considered the only viable
long-term policy option towards their financial sustainability. Although many high-income countries
have, over the past 3 decades, introduced policies to in many cases successfully control, i.e. contain
and reduce, costs and incentivize increased efficiency, quality of healthcare delivery and improved ac-
cess for patientsiv, healthcare costs continue to rise, and their financial sustainability in high-income
countries, and affordability to establish (and improve) adequate coverage in low- and middle-income
countries, remain important issues (see e.g. Jamison et al., 2013; OECD, 2015a,b). We and others (see
e.g. National Information Board and Department of Health, 2014; NHS England, 2017; Select Com-
mittee on the Long-term Sustainability of the NHS, 2017) contend that system-wide defragmenta-
tion, and establishment of cohesive and effective healthcare service life cycle development, planning,
delivery and management procedures, are urgently required for significant progress towards afford-
ability and financial sustainability of healthcare systems. However, as far as we are aware, existing
reports and analyses for improving health care in diverse functions and settings tend to focus on
solving individual shortcomings or more abstract aims, but fail to detail concrete and comprehensive
concepts/roadmaps to synergistically integrate system-wide efforts, and thus to change the current
paradigm of healthcare innovation and translational medicine, delivery design, coordination and im-
plementation. In particular, full and coordinated exploitation of new healthcare technologies, the
significance of which in improving health outcomes has been documented (inter alia by Jamison et al.,
2013), and of microbial biotechnology (see some examples of highly relevant research and innovations
in this issue), are in our opinion key facilitators to significantly and sustainably enhance performance
across the entire healthcare sector and, importantly, at the point of access.

4.2 Towards a solution
To significantly improve the quality and effectiveness of healthcare delivery, we contend that future
evolution must be guided by strategic planning of the entire system for coherence, rather than of its
component parts (see e.g. NHS England, 2017). Significantly greater emphasis must be placed on
purpose-focused use of healthcare resources, i.e. maximizing utilization of services according to their
intended purpose, e.g. physicians for tasks requiring medical training, not administration, etc., by
consistently and comprehensively exploiting rapid implementation of newest autonomous techno-
logical and informational advances, reducing physician–patient burden, increasing patient partici-

ivThis is primarily attempted by tightly managing and coordinating care at the provider level, sharing financial risk (e.g.
budget responsibility) between payers, healthcare providers and patients, and redistributing funds and financial risks for
different pools of more or less healthy, and thus costly, insurees and/or patients (Kutzin, 2001).
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Figure 6: The new healthcare cluster. Left-hand panel: new healthcare cluster configuration; right-hand panel: The Healthcare
Data–Biomedical Knowledge Highway Network. Abbreviations: dMC=(do-it-yourself) Digital Medical Centre; eCC=eClin-
ician Centres; NCIC=National Clinical Informatics Centre; PDC=Patient Data Centre; PAC=Population Trends Analysis
Centre; BKH=Biomedical Knowledge Hub; HPC=Health Policy Innovation and Evaluation Centre; GPs=General Practition-
ers.

pation in diagnosis, monitoring, prevention and treatment procedures, and replacing linearity with
circularity in the flow and analysis of patient data. To this end, we propose creation of a new three-
component healthcare cluster, seamlessly integrated and intelligently networked, to be incorporated
in existing healthcare infrastructure. The new triad (Figure 6, left-hand panel) will consist of (i) local
24/7 Digital Medical Centres (dMCs) based on smart, automated, patient interrogation/diagnostic
machines, constantly interfaced online with both (ii) regional eClinician Centres (eCCs) functioning
24/7 and (iii) a central National Clinical Informatics Centre (NCIC).

The healthcare cluster proposed here is underpinned by four key principles:

(i) greater emphasis on disease reduction – primary/ secondary prevention, and predictivemedicine
– requiring inter alia, quasi-universal genome determination (preferentially determined at birth),
and regular clinically relevant biomarker determination and microbiome analysis,

(ii) creation of, or substantive improvement of an existing, standardized, coevolving digital health-
care patient documentation system designed for comprehensive and efficient handling, inter-
rogation and comparison of individual and aggregate clinically relevant data, and for system-
atically and sustainably improving intervention outcomes (closing the information circle and
supporting artificial intelligence learning),

(iii) greater participation of an increasingly medically literate proactive patient in health proce-
dures,

(iv) optimal alignment of medical, commercial and regulatory strategic goals for incentivizing de-
velopment of low-cost generic and novel high-benefit products (see e.g. Naci et al., 2015, for
issues arising from misaligned incentives for pharmaceuticals) that address strategic health pri-
orities, and increased commitment of the health system to such products.
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4.3 The components of the new healthcare cluster

4.3.1 The do-it-yourself Digital Medical Centres (dMCs)
The dMCs, see also (Timmis & Timmis, 2016), are 24/ 7, local, walk-in, virtually autonomous, clin-
ically designed and supervised environments, featuring advanced but easy-to-use intelligent inter-
rogation/diagnostic machines, facilitating determination of inter alia physical, cognitive and mental
health parameters. The smart machines (primary patient interface) are permanently interfaced with
remote, regional, 24/7 eClinician Centres and the Healthcare Cloud (HC, see below). dMCs initially
assume following tasks:

(i) Patient interrogation: HC-linked smart machines query relevant parameters of general nature,
e.g. for annual check-ups, and syndrome-specific, e.g. assessment of new complaints and/or
minor injuries, follow-up after hospital discharge, and monitoring existing and/or chronic con-
ditions (remotely clinician-guided where necessary).

(ii) Perform a range of basic to sophisticated diagnostic procedures, including weight–height de-
termination, blood pressure/pulse rate measurement, physical inspection, acquisition of clini-
cally relevant images (e.g. of wounds, dermatological features), cognition assessment. Patients
are instructed to provide/take clinical samples (e.g. breath, sweat, saliva, urine, blood, mi-
crobiome), where necessary assisted by on-site nurses. Samples are analysed on-site or offsite,
e.g. dMC machines dispense and analyse a range of lateral flow diagnostic assay strips and im-
mediately take the results into consideration and, in parallel, upload them to the HC. Other,
dedicated, smart rooms contain more sophisticated (patient-instructing) diagnostic and imag-
ing (see e.g. Curiel-Lewandrowski, 2016; Dengel et al., 2015) machines. The range of parame-
ters obtainable continuously expands with the development of increasingly user-friendly, more
compact diagnostic machines.

(iii) Diagnosis/therapy, involving probability determination by advanced algorithms indicatingwith
clinically sufficient confidence:

(a) no treatment indicated, e.g. for mild ailments or minor injuries,

(b) prescription of

– prophylactic/therapeutic measures from the onsite pharmacy/nurse (e.g. chronic
conditions, minor injuries), etc.,

– follow-up clinical parameter (OECD, 2015a) monitoring, at dMCs or clinical cen-
tres, or at home, e.g. wearable devices, mobile applications for devices equipped
with appropriate sensors, smart domestic appliances.

(iv) Immediate video interfacing with eClinicians when diagnoses with clinically insufficient con-
fidence are attained, serious conditions determined, or patients feel the need

(v) Stockmedications, vaccines, etc. (and, in future, synthesize personalized vaccines, medications,
print medical equipment and devices via 3D printers, etc., on-demand)

(vi) Follow-up: determination and recording of intervention outcome effectiveness
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4.3.2 eClinician Centres (eCCs)
Remote eClinicians (general practitioners and mental health professionals with extensive knowledge
of the diagnostic capabilities of the dMC smart machines and their interrogation algorithms) lo-
cated in regional eClinician Centres functioning 24/7 are the secondary interface for dMC patients.
eClinicians have direct access to the Healthcare Cloud records and the newly determined dMC data.
Their involvement with dMC patients is needs-based, triggered by the patient or diagnostic results
obtained by dMC smart machines that flow in real time to the eCCs and are automatically analysed
by advanced and continuously evolving algorithms, which alert the on-duty clinicians to any need
for involvement. eClinicians initiate additional tests for suspected conditions at the dMCs, reach
diagnosis and prescribe a treatment, or make referrals to specialists. A national eCC is charged with
prompt handling of indicated potential public health threats.

The dMC-eCC tandem of 24/7 clinical diagnostic therapeutic care services will reduce bottlenecks
at patient point of access, providing virtually immediate care for routine services (and promote pa-
tient autonomy/awareness for health-preserving/healthcare-cost-saving behaviour), and contribute to
a reduction in disease burden and patient discomfort. This will, in turn, rebalance and focus primary
health services’ workloads and expertise: physicians will be able to concentrate on tasks requiring their
advanced training, complement their services through access to comprehensive personalized patient
data sets and latest intervention recommendations (see below), and will benefit from a reduction of
routine documentation and administrative tasks.

4.3.3 National Clinical Informatics Centre (NCIC)
The NCIC is the national healthcare information and analysis centre housing the Healthcare Cloud.
It constitutes the framework of a smart, cognitive artificial intelligence/machine-learning supported
(see e.g. Chen et al., 2016; SAP, 2016) clinical knowledge hub. The NCIC is responsible for handling
all patient data and multi-perspective (individual, aggregate, etc.; disease-, symptom-, molecule-,
active ingredient-specific, etc.; stratum-, gene-specific, etc.) data analysis and, inter alia, outcome
effectiveness indicator determination. It focuses on disease diagnosis, treatment, prevention and
prediction strategies, prioritization of efficacy and effectiveness trials, steering implementation of
new procedures and health technology developments according to existing and prospective clinical
needs, and hence optimization of healthcare resources. It interfaces with biomedical and health policy
research and translates trends, analyses and validated clinically relevant advances into proposals for
clinical practice and health policy. It consists of five integrated components.

Healthcare Cloud (HC). The Healthcare Cloud is the patient data warehouse that collects and stores
in a standardized and secure format all clinically relevant data received from multiple entities, such
as dMCs and other primary, secondary and tertiary healthcare providers, biomedical research insti-
tutions, public health authorities and smart monitoring devices (see Figure 6 and, for an example of
HC proposal, Bahga and Madisetti, 2013). It also contains the specific health profiles of individual
patients, and syndrome-specific prophylaxis/diagnosis/monitoring/treatment recommendations de-
veloped by the Patient Data Centre, Population Trends Analysis Centre and Biomedical Knowledge
Hub (see below), that can be queried by physicians from any component of the health system. It thus
constitutes one key defragmentation/cohesion element facilitating greater system efficiency.
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Patient Data Centre (PDC). The PDC constitutes a patient data analysis, prevention and treatment
optimization centre. Based on determined potential patient susceptibilities and conditions, it per-
sonalizes individual patient data profiles in the HC by linking them to best-practice options for
comprehensive diagnosis, disease prevention and therapy, according to latest knowledge provided
by the Population Trends Analysis Centre and Biomedical Knowledge Hub (see below), and assists
clinicians, where needed. It is staffed by bioinformatic clinicians (generalists/specialists) and infor-
maticians who develop and exploit algorithms for:

(i) organizing and integrating with individual patient data clinical history, genome sequences,
biomarker profiles, microbiome analyses and lifestyle information,

(ii) patient data set analyses to identify susceptibilities, predict future primary/secondary risks,
and recommend monitoring regimes and prevention/amelioration/retardation measures,

(iii) Automatic/continuous PAC/BKH(see below)-driven updating of patient profiles and recali-
bration of symptom- and patient-specific iterative dMC interrogation,

(iv) Analysis of intervention outcome effectiveness indicators.

To avoid ambiguities in patient identities based on names, all patients are assigned a unique identifier,
similar to the Orcid persistent digital identifier (Orcid Inc., 2017), coupled to a secure means of
matching identifier and patient.

Population Trends Analysis Centre (PAC). The PAC is population-centric, focusing on epidemiology
and trend recognition and analysis, by carrying out aggregate multidimensional meta-analyses (dis-
ease, symptom, metabolic/physiological status, lifestyle, age, genome/ biomarker/microbiome, etc.)
on HC data. It is responsible for establishing early-warning systems for disease emergencies and
staffed by teams of clinical bioinformaticians, epidemiologists and informaticians, developing and
exploiting algorithms for e.g.

(i) discovery/identification of disease symptom pattern correlations

(ii) stratification of patients and their clinical data into diverse cohorts

(iii) identification of emerging disease trends and appropriate preventive measures

(iv) discovery of new disease syndromes

(v) assessment of hypothesis-driven queries

(vi) interfacing with international organizations to share data, predict emergencies and develop
rapid responses.

Biomedical Knowledge Hub (BKH). The BKH is the interface between the different NCIC components
and emerging validated biomedical discoveries. Its primary responsibility lies in prospective/predic-
tive medicine. The BKH (i) evolves novel research designs/strategies, (ii) exploits artificial intelligence
for suggesting prospective prophylactic/treatment pathways, (iii) develops intervention outcome ef-
fectiveness indicators, and (iv) integrates clinical knowledge with new biomedical research advances.

In this context, one of the most dynamic sectors of medical research in which significant discoveries
are being made that will lead to diverse new diagnostic, monitoring, prevention and therapy proce-
dures is microbiology, as documented in this issue of Microbial Biotechnology. Examples of recent
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advances in microbial technologies with implications for clinical settings and applications include:

(i) microbial biosensors for diagnosis, monitoring and epidemiology (Chang et al., 2017),

(ii) nutritional therapy for persistent diarrhoea (Sarkeret al., 2017),

(iii) new therapeutic strategies for treatment of infections caused by drug-resistant microbes (Brüs-
sow, 2017; Wong and Santiago, 2017) and recurrent infections by persister cells and biofilms
(Wood, 2017),

(iv) the use of designed bacteria to deliver therapeutics (Alvarez and Fernandez, 2017),

(v) use of metal-based antimicrobials (Turner, 2017),

(vi) microbiome therapies (Cryan, 2017; O’Toole and Paoli, 2017; Osman, 2017),

(vii) use of synbiotics (synergistic combinations of prebiotics and probiotics) in prevention and
therapy (Gurry, 2017),

(viii) tumour-targeting bacteria-based cancer therapies (Felgner et al., 2017), and

(ix) the use ofmicrobial treatment of clinical environment surfaces to reduce drug-resistant pathogen
burdens (Caselli, 2017)

The BKH is thus a crucial motor of medical advancement and its translation into clinical practice. It
will also counteract the current trend in expertise fragmentation and lead to more holistic assessments
of patient symptoms, and result in the replacement of linear sequential trial-and-error decision tree
treatment schedules, based on patient responses to conventional practice drugs, by treatment sched-
ules based on comprehensive exploration of the multidimensional space of personalized medicine
that considers patient genomics/microbiome/physiology/health status/lifestyle, and all available in-
tervention options and their predicted consequences for different individuals.

The BKH establishes a robust system of strategic, needs-based prioritization and formulation of hy-
potheses for, and design of, clinical trials, and continuously evaluates and proposes updated best-
practice guidelines. It supports development of the parameters of the new patient data documenta-
tion system, develops a robust and continuously evolving system of data security, defines quality and
information granularity standards for data and certifies potential new data streams into the Health-
care Cloud to prevent its population with inadequate data. It provides both ad hoc on-demand and
comprehensive annual health reports to support regulators and health policymakers and makes reg-
ular strategic recommendations based on clinical needs. The BKH will become a main pillar of stew-
ardship of the healthcare system, and the foundation of medical student education and knowledge
updates for practicing physicians. It would also adopt a leading role in providing medical knowledge
to the general populace and hence promote patient medical literacy.

The diverse streams of information (ideally including those from international public health institu-
tions) into the NCIC collectively constitute the Healthcare Data– Biomedical Knowledge Highway
Network (Figure 6, righthand panel). This highway aliments the work of the NCIC and is a major
driving force for innovation and cooperation.

Health Policy Innovation and Evaluation Centre (HPC). The HPC is the health policy research and
design centre expediting the procedure of integrating new research evidence/findings and community
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needs/ preferences and their translation into new policy (see e.g. Fielding and Briss, 2006). It receives
and processes regular and special reports with the newest research findings pertinent to health policy
from the NCIC and other analysis centres (e.g. think tanks). Its responsibilities include inter alia,

(i) evaluation of existing and development of novel health policy/regulation recommendations in
relation to (new) epidemiological trends, medical needs, biomedical discoveries, health tech-
nologies, advances on current treatment practices, etc., and

(ii) specification of adequate benchmarking indicators for automatic and continual policy evalua-
tion and rapid review, and of appropriate patient, provider and payer incentives for achieving
set healthcare objectives.

4.4 The dMC’s role in reducing inequity and costs, and increasing ef-
ficiency and quality, of service delivery in healthcare systems
As alluded to in the introduction, over the past decades, considerable effort has been invested in
controlling healthcare costs and, in parallel, improving service performance and quality. Healthcare
system organization can vary significantly from country to country, but in all countries healthcare
resources are limited (OECD, 2015b). A variety of mechanisms exist to incentivize frugal healthcare
resource consumption by patients and, more importantly, service provision by healthcare providers,
while preserving/improving coverage and quality of services. Themost prominentmechanisms adopted
in many high-income countries are (i) payer–provider managed care arrangements with preferred
providers and/or insurance ownership of the provider, i.e. discounted services for a specific in-
suree/patient pool against a pre-specified healthcare services basket, and (ii) financial risk-sharing
arrangements, i.e. budget responsibility, in combination with periodic performance and quality tar-
gets and monitoring (Kutzin, 2001).

A key challenge for achieving equity and increasing efficiency in healthcare markets (in particular
in competitive variants) is risk-selection. If not appropriately dealt with, insurances and providers
have the incentive to invest resources in determining and attracting good risks (healthier patients
with a higher probability of remaining healthy = less costly) to maximize savings and/or profits. This
behaviour can lead to increasingly large pools of uninsured “bad risk” individuals, and thus inequity
in access to health care. To disincentivize this behaviour and level the playing field (i.e. reduce over-
funding and, more importantly, underfunding), funding is in many cases risk-adjusted, i.e. weighted
according to geo-, socio-demographic and health status indicators and predictors (risk adjusters),
classifying patients into needs-based risks to determine the collective risk and thus expenditures of
a pool. Insurance funds/providers serving pools with, in relative terms, worse (better) risks receive
a higher (lower) proportion of funding to more accurately reflect their prospective expenditure pat-
terns. However, risk adjustment is only as accurate as the explanatory power of the risk adjusters
employed and usually considerable uncertainty remains concerning prospective consumption (see
e.g. Beck, 2000; Goulao & Perelman, 2014; Kutzin, 2001).

The dMC is a new generation of service provider. It represents, in line with the currently omnipresent
trend of automation, a logical step in the evolution of healthcare provision which addresses the most
pressing challenges leading to current efforts to tightly manage limited resources while improving ac-
cess, performance and quality of care. de facto, there is no supply-side risk selection, as the dMC ser-

65



Chapter 4

vices do not discriminate between different patients (risks), and there exists no incentive for dMCs to
over- or under-provide services, as the level of services to provide to each dMC patient is determined
by algorithms, which are predicated on the most current best-practice diagnosis/procedure and qual-
ity guidelines, and crucially, centrally regulated by the NCIC. Over-provision could be initiated by a
small number of regional eClinicians who are, however, also supported by the NCIC, so there exists
virtually no incentive for systematic over-provision on part of the dMC-eCC tandem. Moreover, with
the implementation of the proposed dMC- and NCIC-driven individual and population data collec-
tion and analytical capabilities, identification of further, more accurate risk adjusters (see above),
would be expedited and, in combination with genome, microbiome and biomarker analyses, could
potentially lead to virtually individual-based predictable health intervention needs and outcomes,
which is highly complementary to the current and future personalized medicine trend. In addition
to the current uncertainty in patient utilization patterns, providers are not equally efficient at deliv-
ering services, and therefore, significant, usually unobservable, supply-side (expenditure-)uncertainty
must be taken into consideration in current risk-adjustment schemes (see e.g. Newhouse, 1996; Rice
and Smith, 2001). As the uncertainty in risk adjustment concerning the variability of service provi-
sion efficiency is virtually non-existent, due to the NCIC-determined standardization of (i) clinical
validation of dMC smart machines/instruments and (ii) routine clinical diagnoses and procedures
across all dMCs, dMC-based healthcare service expenditure variability instead will be primarily based
on predictable costs for the operation (overhead) of the dMCs, and the considerably more accurate
predictability of patient utilization and expenditure patterns.

Risk-adjusted capitated payment, a prospective payment per head (patient) based on their predicted
utilization needs for a given healthcare services basket within a specified period, has been successful
in transferring financial risk (budget responsibility) from payers to healthcare providers with a view,
as mentioned above, to control costs and achieve improved performance and quality. Nonetheless, as
also discussed above, the accuracy of risk adjustment is limited to predictions of utilization patterns
of patient classes, not individuals, so considerable uncertainty remains (see e.g. Emery et al., 1997;
Rice and Smith, 1999, 2001). Assuming, for example, patients can visit any dMC nationwide and
there exists one dMC-eCC resource pool to which insurance funds and/or individuals contribute, a
prospective payment method similar to risk-adjusted capitation might be well suited to the dMC-
eCC tandem: per capita risk-adjusted dMC visit credit. This credit per patient would be based on an
increasingly sophisticated risk-adjustment scheme facilitated by the above-mentioned dMC-NCIC
data analyses and feed into a function of patient-specific predicted level of routine services needed in
primary care visits, consisting of e.g.:

(i) regular check-ups and prevention measures +
(ii) necessary condition-specific visits (post-treatment/ hospitalization follow-ups, monitoring,

etc.) +
(iii) prescription renewal (e.g. exchangeable across dMC pharmacies, dispensing physicians or reg-

ular pharmacies) +
(iv) X additional visits for unpredictable contingency purposes (infections, minor accidents, etc.).
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There does exist the possibility of some patients unnecessarily (over-)utilizing the dMCs and/or eCCs,
i.e. moral hazardv (see e.g. Goulao and Perelman, 2014). However, utilization of behavioural eco-
nomics, e.g. through informing patients who overutilize the dMCs of the average visit frequency and
cost of other dMC users with similar health needs (social norms), would help reduce the potential for
moral hazard (see e.g. Cialdini et al., 2006).

4.5ThedMC-NCIC innovation and efficiency axis for integrative health-
care service evolution

Whereas the dMC+eCC tandem achieves a significant efficiency gain at the patient level, by pooling
resources at the point of automated healthcare service delivery, the NCIC as a national coordina-
tion centre accomplishes an important efficiency gain at the aggregate level by pooling resources to
improve the specificity and effectiveness of prevention/treatment strategies for individuals and the
entire population and, importantly, by providing cohesion to/reducing fragmentation in the entire
health system.

The dMC will be a pioneering new element of health systems – a gateway for the introduction of
new technology and increasing exploitation of IT and AI – and will promote evolution of an increas-
ingly medically literate participating patient. The growing involvement of an empowered patient in
personal health care, and increased health awareness and motivation to preserve and improve health
status, will inexorably lead to healthier lifestyles and reductions in healthcare and social costs. To-
gether with the NCIC, the dMC will be transformative and accelerate health system-wide integrative
evolutionary change towards greater efficiency and cohesion.

The dMC will become the driver of disease reduction by carrying out an increasing range of monitor-
ing tests and diagnostic procedures, not currently carried out routinely, that detect/predict disease
predispositions, and regularly sample and analyse biomarkers of (pre)disease and disease susceptibil-
ity, and microbiomes. The dMC will thus spearhead personalized medicine in health systems.

As alluded to above, the dMC will also become an innovation driver for the development of an ever-
expanding range of intuitive, easy-to-use diagnostic and monitoring instruments and procedures,
and patient-/patient– nurse-/patient-remote eCC clinician-operated on-site prevention and therapy
procedures. Similarly, the NCIC will be a motor for the discovery of disease causes, patient predis-
positions, environmental and lifestyle risks (determinants of public health), health trends, etc., and
hence specification of new diagnostic, monitoring, prevention and therapy needs. Some of the solu-
tions developed in response to the identification of such needs will be first implemented in the dMCs
and thus will involve important innovation synergies between the dMC, NCIC and instrument de-
velopers. The dMC-NCIC will thereby become a powerful innovation axis and thus a major source
of pull for clinical medicine and translation of new discoveries into clinical practice.

vIf an individual is insured against financial risk, he/she might, e.g., engage in riskier behaviour (ex ante) or access more
(healthcare) services than necessary (ex post) (Goulao & Perelman, 2014).
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Figure 7: Anticipated Stakeholder Benefits. Benefits primarily for individual stakeholders are shown in yellow, and benefits
primarily shared among stakeholders are shown in green.

4.6 Collateral benefits

We predict that implementation of the new health cluster will have significant collateral benefits for
stakeholders, some of which are listed in Figure 7. In particular, the dMCs and NCIC, and their activ-
ities, will be major drivers of innovation and constitute significant new markets for medical instru-
ment and IT developers. This innovation stimulation will accelerate development and deployment
of new and improved diagnostic instruments which, in turn, will facilitate new and improve existing
health interventions and thus outcomes. For example, the dMCs will provide strong incentives for the
development of simple-to-use (i) new systems able to deliver novel types of diagnosis, and (2) com-
pacter variants of existing highly sophisticated machines, currently only available in medical centres
and operated by skilled technicians (the large markets represented by the dMCs will provide con-
siderable economies of scale, so the new variants will be both patient-usable and affordable). Other
systems of particular interest, all to be linked to the Healthcare Cloud, are as follows: (i) new diagnos-
tic reagents/assays/materials, (ii) smart wearable (Lo et al., 2016) and smart daily assistance devices,
such as smart walking canes for health parameter monitoring, (iii) wirelessly integrated smart domes-
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tic devices, such as fridges, furniture, for the home, workplace and leisure facilities, to e.g. probe and
analyse clinically relevant environmental parameters and/or suggest individual dietary options, etc.,
and (iv) new health software/ apps (Boulos et al., 2014; Wiederhold, 2015). The data collected from
such devices by the Healthcare Cloud would provide invaluable information to the NCIC on indi-
vidual and population developments, facilitate enhancement of diagnostic/monitoring capabilities,
and provide manufacturers with important guidance to generally improve, more precisely predict the
effectiveness of, and expand their range of clinical parameter monitoring and other health-related
products. This, in turn, will stimulate advances in and increase the capabilities of the new healthcare
cluster, and thereby the entire healthcare system, and facilitate progress towards sustainability.

4.7 Discussion
We present here a concept and roadmap to significantly improve exploitation of informational, tech-
nical, financial and human capital healthcare resources. It is designed to considerably reduce/coun-
teract fragmentation and orient health system evolution towards greater strategic cohesion, equity,
efficiency and hence sustainability. It is based on the principles of maximization of disease burden
reduction, greater exploitation of medical instrument and informatics potentials, purpose-focused
use of healthcare resources, and better exploitation of strategic stakeholder alignment and synergies.
In addition to the accelerated exploitation of smart machines, artificial intelligence and growing in-
volvement of an increasingly medically literate, empowered patient, microbial technologies play a key
facilitating role in the concept, especially for the (i) lifelong regular sampling and analysis of patient
microbiomes, given the mounting evidence for the pervasive implication of microbiome in health
and disease, (ii) discovery/creation of metabolite–receptor–ligand–signal transduction systems in mi-
crobes for biomarker diagnostics, (iii) use of microbes as cell factories to produce diagnostic reagents,
e.g. for lateral flow assays, and, in the foreseeable future, (iv) ad hoc drug and vaccine synthesis, etc.

The importance of mental health (and its impact on physical health) requires that it be given equal
attention in the strategic planning of healthcare evolution (Lack et al., 2015). As physical and mental
health services coevolve and operational differences reduce, dMCs will be able to provide an expand-
ing range of mental health services. In particular, the dMC-eCC tandem will provide a number of
diagnostic facilities for patients seeking mental healthcare access, including assessment of relevant
symptoms and, most importantly, online visual consultation with eCC-based mental health profes-
sionals. At home, wirelessly integrated, e.g., voice-enabled, smart devices linked to the Healthcare
Cloud will play a major role in regularly querying individuals about their physical and mental well-
being and transmitting these data to the Cloud, remind individuals of, e.g., appointments and medi-
cation, inform them about new primary and secondary prevention measures (health/lifestyle/immu-
nization/screening) recommended by health authorities, etc. and, most importantly, alert them and
the health services when they require medical assistance/consultation. It is becoming increasingly
clear that the microbiome, in particular, the gastrointestinal tract microbiota, has a significant and
pervasive influence on brain function and mental health (see e.g. Dinan and Cryan, 2017), so the anal-
ysis of periodically taken microbiome samples will not only provide new insights into mental disease
and its onset, but also indicate potential therapy options involving microbiota transplantations.

While we have presented our concept primarily in the context of high-income countries, the dMC-
eCC tandem is equally relevant to the low- and middle-income country (LMIC) setting. Initially, it
would represent particular value in rural areas, where access to and affordability of healthcare services,
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and infrastructure consolidation, remain important challenges. As dMCs are scalable and customiz-
able, the provided services can be adapted to any desired level of generic and specific needs, that is
(and this applies equally to low-, middle- and high-income settings) a variety of dMC versions (stan-
dard routine services + specific services for catchment area-specific differential health needs) would
be tested and calibrated in pilot studies for different regions and, after initial shortcomings are iden-
tified and remedied, would be implemented on a broader scale. Especially in the light of the Grand
Convergence discussion (Jamison et al., 2013), we see a window of opportunity and unique momentum
for the dMCs to stimulate, facilitate and expedite biomedical innovation, catalyse universal health-
care coverage and present a compelling business opportunity for public and private funders in and
for LMICs.

Finally, it should be emphasized that the dMCs will complement, not replace, existing healthcare
services. It is to be anticipated that the immediacy of access to the services of the dMCs will be per-
ceived as a significant advantage by some, and in particular patients used to interacting with smart
devices will feel comfortable with, and increasingly use, the dMCs. We also anticipate that as the
spectrum of diagnostic options in dMCs grows, local medical practices will increasingly adopt and/or
co-design/optimize smart machines and procedures used in the dMCs across healthcare providers, to
increase their efficiency and synergy effects, so that the distinction between dMCs and traditional
medical practices will blur.
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Abstract
Background: Conventional clinical trials are essential for generating high-quality evidence by mea-
suring the efficacy of interventions in rigorously controlled clinical environments. However, their
execution can be expensive and time-consuming. In addition, clinical trials face several logistical
challenges regarding the identification, recruitment, and retention of participants; consistent data
collection during trials; and adequate patient follow-up. This might lead to inefficient resource uti-
lization. In order to partially address the current problems with conventional clinical trials, there
exists the need for innovations. One such innovation is the virtual clinical trial (VCT). VCTs allow
for the collection and integration of diverse data frommultiple information sources, such as electronic
health records, clinical and demographic data, patient-reported outcomes, anthropometric and activ-
ity measurements, and data collected by digital biomarkers or (small) samples that participants can
collect themselves. Although VCTs have the potential to provide substantial value to clinical research
and patients because they can lower clinical trial costs, increase the volume of data collected from pa-
tients’ daily environment, and reduce the burden of patient participation, so far VCT adoption is not
commonplace.
Objective: This paper aims to better understand the barriers and facilitators to VCT adoption by
determining the factors that influence individuals’ considerations regarding VCTs from the perspec-
tive of various stakeholders.
Methods: Based on online semistructured interviews, a qualitative study was conducted with phar-
maceutical companies, food and health organizations, and an applied research organization in Europe.
Data were thematically analyzed using Rogers’ diffusion of innovation theory.
Results: A total of 16 individuals with interest and experience in VCTs were interviewed, including
persons from pharmaceutical companies (n=6), food and health organizations (n=4), and a research
organization (n=6). Key barriers included a potentially low degree of acceptance by regulatory au-
thorities, technical issues (standardization, validation, and data storage), compliance and adherence,
and lack of knowledge or comprehension regarding the opportunities VCTs have to offer. Involve-
ment of regulators in development processes, stakeholder exposure to the results of pilot studies, and
clear and simple instructions and assistance for patients were considered key facilitators.
Conclusions: Collaboration among all stakeholders in VCT development is crucial to increase knowl-
edge and awareness. Organizations should invest in accurate data collection technologies, and com-
pliance of patients in VCTs needs to be ensured. Multicriteria decision analysis can help determine
if a VCT is a preferred option by stakeholders. The findings of this study can be a good starting point
to accelerate the development and widespread implementation of VCTs.

72



Stakeholder Perspectives on Barriers and Facilitators for the Adoption of Virtual Clinical Trials

5.1 Introduction

Developers of health interventions (eg, drugs, medical devices, diets, or procedures) have to demon-
strate via clinical evidence that their technologies do no, or minimal, harm to patients and improve
treatment outcomes (National Library of Medicine, 2019; Friedman et al., 2015) . Rigorous clinical
research, and clinical trials specifically, are necessary to demonstrate sufficient efficacy and safety
profiles in order for regulators to grant marketing authorizations and, in turn, for patients to benefit
from the introduction of better treatments. However, the execution of a clinical trial is expensive
and time-consuming. In addition, clinical trials face several logistical challenges that might lead to
inefficient resource utilization (Brucher et al., 2018; Inan et al., 2020) . These major challenges primar-
ily pertain to the identification, recruitment, and retention of participants; attainment of informed
consent; consistent data collection during trials; and adequate patient follow-up (Inan et al., 2020;
Clinical Leader, 2018; Pasman et al., 2017). Moreover, several demographic groups such as ethnic
minorities and elderly patients are underrepresented in clinical trials and therefore the generalizabil-
ity of trial results might not be immediately clear (Inan et al., 2020; Nazha et al., 2019; Farkouh &
Fuster, 2008). In addition, real-life settings might sometimes be more suitable to comprehensively
or appropriately assess the benefits (and risks) of health interventions. Consequently, the ecological
validity—capturing data in a real-life setting that reflects the circumstances where the intervention
will ultimately occur and across diverse populations—of conventional clinical trials might be limited
(Pasman et al., 2017; Kruizinga et al., 2019). In order to partially address the current problems with
conventional clinical trials, there is a need for innovations in the clinical trial process.

A novel clinical trial concept is the digital clinical trial or virtual clinical trial (VCT), also known as
a decentralized, do-it-yourself, remote, siteless, or innovative health trial (Inan et al., 2020; Persky,
2020; Steinhubl et al., 2019). VCTs can be defined as “trials executed through telemedicine, mobile/lo-
cal healthcare providers and/or mobile technologies” (Ali et al., 2020; Apostolaros et al., 2020). VCTs
allow for the collection and integration of diverse data from multiple information streams, such as
electronic health records, clinical and demographic data, patient-reported outcomes, anthropometric
and activity measurements, and data collected by digital biomarkers or (small) samples that partici-
pants can collect themselves (eg, blood droplet, saliva, or fecal sample sent for analysis to a lab) (Inan
et al., 2020). They could be used, for example, in dermatology research where skin diseases can be
evaluated remotely (Ali et al., 2020). In a study from Singer and colleagues (Singer et al., 2018), 69
participants could easily take photos of their skin after treatment and send them to a physician for
evaluation. Furthermore, VCTs might also be useful in nutrition research where participants follow
a diet and perform exercises or physical activity at home guided or monitored by health technologies
such as mobile apps, wearables, online data collection, or web-based tests (Carrera & Dalton, 2014;
Pasman et al., 2018). Such digital diagnostics and tools have to meet high validity and reliability qual-
ity standards that might be difficult to attain before they can be applied in these new types of trials
(Inan et al., 2020). In addition, data protection could be an issue since large amounts of sensitive
health information might be transferred (Ali et al., 2020)[12]. Nevertheless, the proper implementa-
tion of VCTs can reduce trial costs per participant by up to 50% (compared to conventional clinical
trials) because many relevant tests can be performed and evaluated without the need for patients to
visit specific sites (Elenko et al., 2015; Khozin & Coravos, 2019; Coravos et al., 2020). This also means
that less time from health care professionals is needed for data collection. Additionally, a substantially
increased volume of data can be collected from patients’ daily environment and, thereby, potentially
provide early estimation of intervention effectiveness (Khozin & Coravos, 2019; Coravos et al., 2020).
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Moreover, digital health technologies, such as wearables, can provide continuous monitoring of trial
participants to rapidly identify adverse events (Inan et al., 2020). Because, for example, recruitment
and enrolment of patients, and (long-term) follow-up can be done remotely, the burden of patient
participation is reduced, and participant diversity and retention can be significantly improved (Per-
sky, 2020; Sommer et al., 2020). Importantly, VCTs can also deliver a more patient-centered approach
and engage patients in lifestyle and clinical research, and thereby improve their overall health literacy
(Donnelly et al., 2020). Lastly, the recent COVID-19 pandemic further highlights the advantages of
VCTs for various stakeholders: although clinical trial organizations had to put their traditional site
trials on hold, virtual visits and data collection were still partially possible online (Ledford, 2020;
Izmailova et al., 2020). As a consequence, Izmailova and colleagues (Izmailova et al., 2020) developed
a decision tree for migration from clinic to remote activities.

Although VCTs have the potential to provide huge value to clinical research and, by extension, pa-
tients, VCT adoption is not commonplace as of yet (Inan et al., 2020). This is surprising, as failing
to explore all options of health intervention advancements runs the risk of missing opportunities
to preserve and promote patients’ health and improve overall resource distribution in health care.
Research into the perspectives of stakeholders such as research organizations, pharmaceutical orga-
nizations, and food and health organizations is needed. Previous research from the Clinical Trials
Transformation Initiative (CTTI) was focused on the perspectives of sponsors to identify legal and
regulatory challenges of VCTs, but research organizations and food and health organizations were
not included (Apostolaros et al., 2020). Therefore, the aim of this study was to better understand
barriers and facilitators to the adoption of VCTs by determining the factors that influence indi-
viduals’ considerations regarding VCTs from the viewpoints of pharmaceutical organizations, food
companies, and a research organization, by taking a research organization’s perspective. The research
organization Nederlandse Organisatie voor Toegepast Natuurwetenschappelijk Onderzoek (TNO;
Netherlands Organisation for Applied Scientific Research) is an independent, government-funded
applied research organization that aims to nurture innovation by closing the gap between research
and industry. TNO connects companies and knowledge in order to create innovations that sustain-
ably strengthen the competitiveness of the high tech sector and, in turn, improve the well-being of
society (TNO, 2020). This study was a first pilot investigation to examine the readiness of companies
and organizations to adopt VCTs.

5.2 Methods

5.2.1 Study Overview
Weconducted a qualitative study on the perspectives of stakeholders about the adoption of VCTs. The
Consolidated Criteria for Reporting Qualitative Research (COREQ) checklist for reporting qualita-
tive research was followed (Multimedia Appendix 1) (Tong et al., 2007). Approval for the qualitative
study was granted by the Internal Review Board of TNO in April 2020 (reference number: 2020-034).

5.2.2 Theoretical Considerations
To base our investigation on a solid theoretical framework, we utilized Rogers’ diffusion of innovation
theory. Rogers’ framework aims to explain how and why a new innovation or technology is, or is not,
adopted, where adoption can be defined as “the full use of an innovation [when the innovation] is
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the best course of action available” (Sahin, 2006). A VCT can be considered a process innovation,
which is defined as the implementation of a new or improved delivery method, including substantial
changes in techniques, equipment, and/or software (Organisation for Economic Co-operation and
Development, 2005). Zhang and colleagues reported their investigation of the factors leading to a
successful eHealth process innovation. They used Rogers’ theory to analyze patient acceptance and
identify reasons for the utilization of eHealth innovations (Zhang et al., 2015). Several other recent
studies have also used Rogers’ framework to better understand health technology adoption (Zhang et
al., 2015; Chew et al., 2004). Therefore, Rogers’ theory was considered to be an appropriate framework
for this study. Multimedia Appendix 2 (Rogers, 1983; Rogers, 2003; Scott et al., 2008; Kaminski, 2011)
provides more details about Rogers’ theory and concepts, including the five stages of the innovation-
decision process.

5.2.3 Data Sources and Sampling Strategy
A purposive sampling strategy was used to select invitees (Tong et al., 2007). Three stakeholder groups
were approached via email: invitees were recruited from TNO (within which people working in the
health division were approached), pharmaceutical organizations, and food and health organizations.
Within TNO, the Microbiology and Systems Biology (MSB) department supports the research and
development activities of companies in the agriculture and food, health, personal care, chemistry,
biotechnology, and pharmaceutical sectors. The department collaborates with pharmaceutical, food,
and health organizations as well as other companies to set up clinical trials (TNO, 2020). Within the
pharmaceutical industry, a distinction between sponsors and contract research organizations (CROs)
can be made. Food and health companies can be defined as organizations that aim to improve health
by healthy foods. These organizations study nutrition by conducting nutrition trials.

Twenty potential participants received an interview invitation. Due to the COVID-19 pandemic, all
interviews were held by telephone or Skype. Invitees were enrolled in the study if they met the follow-
ing inclusion criteria: speak Dutch or English fluently; work for one of the three stakeholder groups
(research organization, pharmaceutical industry, or a food company) in a key position of clinical trial
execution; have experience and/or interest in using VCTs; and are willing and able to participate and
sign an online informed consent form.

5.2.4 Data Collection and Instrument
The semistructured interviews were carried out by author RMHC. The interview guide consisted of
themes and questions based on the five innovation stages as suggested by Rogers, namely: knowledge,
persuasion, decision, implementation, and confirmation (Multimedia Appendix 3). The interview
guide was discussed with and approved by all authors. Furthermore, the interview was piloted with
2 independent researchers at TNO (Tong et al., 2007). Once the invitees had given consent, the
interviews were conducted and audio recorded. Field notes were made during and directly after the
interviews.

5.2.5 Data Analysis
The audio recordings were transcribed immediately after the interview, new concepts were identi-
fied, and the degree of data saturation was measured (Bai et al., 2020; Gray, 2012, Saunders et al.,
2018; Bengtsson, 2016). In addition, to confirm the accuracy of content and key messages, partici-
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pants were asked to review a brief summary of the interview and a couple of quotes, and comment if
necessary (Gray, 2012; Bengtsson, 2016). The recordings were deleted directly after transcription, and
the transcripts were stored as Microsoft Word files (Microsoft Corp) on a secured laptop per proper
data and privacy protection measures. The data were analyzed by using the thematic analysis method
suggested by Braun and Clarke, which consists of the following 6 steps: familiarization with the data,
initial code generation, theme identification, theme review, theme definition and naming, and, fi-
nally, report production (Braun & Clarke, 2006). The data obtained from the interviews were coded
by RMHC and merged into a code book. A 5% check (1 interview transcript and coding) was done by
another researcher to ensure that coding was performed consistently. The data from the interviews
were descriptively analyzed with Microsoft Excel 2016 (Microsoft Corp).

5.3 Results

5.3.1 Participant Characteristics
From the 20 potential participants whowere approached, 4 individuals were excluded from this study;
2 did not respond to the invitation, and 2 were not experienced enough in VCTs and thus did not
meet the inclusion criteria. In total, 16 individuals were interviewed between April and June 2020.
Six employees from a research organization, 6 pharmaceutical employees, and 4 individuals from food
companies were enrolled in the study. Among the pharmaceutical participants, one was an employee
of a CRO. This person was grouped into the pharmaceutical cohort since the results of the interviews
between the CRO and pharmaceutical companies were much aligned. All interviewees from the re-
search organization lived in The Netherlands, while 2 pharmaceutical interviewees and 2 interviewees
from food companies were based in Ireland, Denmark, France, and Germany (Table 8). In Table 9,
the type of organizations where interviewees were employed is shown. Of the 6 individuals affiliated

Table 8: Participant characteristics (N=16).

Characteristic Participants, n (%)

Organization

Research organization 6 (37.5)
Junior 0
Seniorvi 6 (37.5)

Pharmaceutical companies 6 (37.5)
Junior 2 (12.5)
Senior 4 (25.0)

Food companies 4 (25.0)
Junior 2 (12.5)
Senior 2 (12.5)

Country
The Netherlands 12 (75.0)
Other parts of Europe (Ireland, Denmark, France, and Germany) 4 (25.0)

Gender
Male 13 (81.25)
Female 3 (18.75)
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Table 9: Type of organizations where interviewees were employed (N=11).

Organization type Organizations included, n (%)

Research organization 1 (9.1)
Pharmaceutical companies 6 (54.5)
Food companies 4 (36.4)
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Figure 8: Overview of participants’ professions.

with the research organization, 5 were business developers. Business developers were included since
they are the initial point of contact with business partners and discuss different options for conduct-
ing studies. They have ideas about how VCTs could be interesting for their clients and whether the
research organization should be involved in VCTs. The remaining individual was a senior scientist
conducting clinical research in collaboration with pharmaceutical companies and universities. The
6 participants from the pharmaceutical companies had various professional backgrounds. Two were
country studymanagers leading a team that conducts clinical trials. Moreover, they are responsible for
the quality of the research. Two participants worked within an innovation department. One was the
medical lead of innovation, and the other worked as the head of clinical technology and innovation.
The medical lead of innovation was responsible for several (clinical trial) innovation projects within
the company. The head of clinical technology and innovation was closely involved with conducting
VCTs. Another interviewee was a clinical scientist, who was involved in conducting clinical trials.
The last participant was a medical advisor and data scientist, and was responsible for coordinating
clinical research and analyzing clinical trial data.

Three of the 4 interviewees from the food companies were (clinical) scientists and/or study leaders.
They were responsible for conducting or leading clinical trials. The remaining participant was head of

viA senior has >5 years of experience in his/her job.
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Table 10: Barriers and facilitators for the adoption of virtual clinical trials. Counts indicate how many interviewees agreed on
certain barriers and facilitators.

Barriers and facilitators Research organi-
zation (n=6), n
(%)

Pharmaceutical
companies (n=6),
n (%)

Food companies
(n=4), n (%)

Total across all or-
ganization types, n
(%)

Barriers
Acceptance by regulatory au-

thorities
3 (18.75) 3 (18.75) 2 (12.5) 8 (50.0)

Technical issues (standardiza-
tion, validation, and data
storage)vii

4 (25.0) 4 (25.0) 1 (6.25) 9 (56.3)

Compliance and adherencevii 5 (31.25) 6 (37.5) 3 (18.75) 14 (87.5)
Lack of knowledge or under-

standing
2 (12.5) 1 (6.25) 3 (18.75) 6 (37.5)

Facilitators
Involving regulators in the de-

velopment process
3 (18.75) 3 (18.75) 1 (6.25) 7 (43.8)

Exposure to the results of pilot
studiesvii

5 (31.25) 2 (12.5) 3 (18.75) 10 (62.5)

Clear instructions and assis-
tance for patientsvii

4 (25.0) 6 (37.5) 3 (18.75) 13 (81.3)

scientific marketing within a food company, who conceptualized, planned, and implemented clinical
research. Figure 8 displays the professional backgrounds of the participants.

A total of 12 interviews were conducted by telephone and 4 by Skype (with video). Interviews lasted
approximately 45 minutes. After the 15th interview, data saturation was reached. Data collection was
continued for one more interview to confirm that no new concepts were mentioned.

5.3.2 Overview of Findings

Table 10 illustrates current barriers and facilitators, according to stakeholder perspectives.

5.3.3 Barriers to VCT Adoption

5.3.3.1 Acceptance by Regulatory Authorities

The concern of many participants was that regulatory authorities such as the Food and Drug Adminis-
tration (FDA) and European Medicines Agency are not ready to accept VCTs because the procedures
to evaluate VCTs are currently not standardized or well established. One person from a pharmaceuti-
cal company mentioned that, although some guidelines were available, they were vague and abstract,
and this made it highly challenging to estimate if a VCT would be approved. For the pharmaceutical
industry, this was important as evidence would have to be obtained by approved methods; otherwise
pharmaceutical products cannot receive approval.

viiBarriers and facilitators that many stakeholders agreed on (i.e. more than half [>8] of the interviewees mentioned it).
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5.3.3.2 Technical Issues: Standardization, Validation, and Data Storage

Participants mentioned several technical issues regarding the execution of VCTs. One of them was the
lack of standardization. Participants expressed that the development of smart devices is fast-paced
and, in addition, the algorithms of these devices are not always known, which could lead to these de-
vices being considered a “black box.” Therefore, respondents explained that the data collected today
would become outdated in a year’s time as new algorithms and smart devices become available. In
addition, investigators are mandated to store study data for 15 years, but if the technology becomes
outdated and cannot be updated, data storage (and access) can be problematic. Another issue men-
tioned was accessibility of data through an app or wearable developer, whereby the researcher has
no access to the propriety data. Respondents were also concerned about the accuracy of wearables;
although many wearables are currently available, most have not been validated. If a wearable did not
have formal validation, the data it generated could not be used as clinical evidence.

5.3.3.3 Compliance or Adherence

Respondents from all organization types mentioned that even in normal clinical trials, compliance
(the degree to which a patient correctly follows an intervention) was an issue. In a VCT, they believed
that this could become an even bigger issue, as in-person contact with participants is limited. For
example, the drug would have to be taken, or the wearable used, by the trial participant only, which
is challenging to monitor in a decentralized setting:

”If you conduct it [a trial] in a clinical setting, there is someone [a study nurse/researcher]
standing next to the participant, so he or she checks if everything is done correctly. But
if you do it [ie, a trial] at home ... you [a researcher] don’t see it. Or, for example, you [a
researcher] track a mobile phone, it can also remain on the table, in another room.” [P3]

5.3.3.4 Lack of Knowledge or Understanding

The interviews revealed that some organizations, mainly food companies and the research organiza-
tion, had a lack of knowledge regarding the opportunities offered by VCTs. Parts of clinical trials
could be done remotely, but food companies and some interviewees from the research organization
were not familiar with conducting clinical trials remotely and/or the development of remote tech-
nologies. For example, the concrete utility of, and how to develop, VCTs remained unclear for food
companies, as they were not aware of other organizations that utilize VCTs and did not know how
to obtain relevant information. Therefore, they were more reluctant to explore VCTs. This indicates
that collaboration between stakeholders, especially between food companies and the pharmaceuti-
cal industry, were not effective. Pharmaceutical companies, on the other hand, were aware of the
opportunities offered by VCTs and knew that others were exploring this field and developing new
platforms. Participants from all stakeholder groups mentioned that some patient groups might face
various issues related to VCTs. In particular, elderly patients may not have the experience that is
required, such as knowing how to use a smartwatch or the internet, for this study type, even though
it would be highly preferable to include this patient group in trials. Consequently, a relevant part of
the population might not be included in VCTs, which could lead to biased data and thus imprecise
estimates of intervention effectiveness.
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5.3.4 Facilitators of VCT Adoption

5.3.4.1 Involving Regulators and Other Stakeholders in Development Processes

According to participants, the acceptance of VCTs could be facilitated by involving regulators early
in the development phase of a VCT. Furthermore, it was also important to collaborate with other
stakeholders during this phase such as other pharmaceutical companies, research organizations, and
food companies, in addition to also incorporating the clinic (doctors and patients) to investigate their
needs:

”About 15 years ago, pharmaceutical companies were loose [isolated] strongholds. But
now you see more and more that the companies are working together [open innovation].
And I think collaboration is the future. It cannot be otherwise because the development
of new innovative medicines is very expensive. You just have to do it together.” [P1]

5.3.4.2 Exposure to the Results of Pilot Studies

According to the pharmaceutical participants, many of them were currently doing validation or pilot
studies with wearables, online platforms (eg, for trial recruitment), or mobile apps. Conducting such
pilot studies and publishing the results would support other organizations in understanding VCTs
and how to use them. It might also convince regulators that the collected data were reliable and added
value to new health interventions.

5.3.4.3 Clear Instructions and Assistance for Patients

All three stakeholder groups indicated that patients in a VCT needed additional assistance from the
researcher or study nurse with, for instance, the proper use of a wearable. One participant (pharma-
ceutical company) indicated that guidance was needed because the tool (eg, wearable) itself could be
useless without user input. Specific groups such as elderly trial participants need proper instructions
and guidance (eg, via a helpdesk).

5.3.4.4 The Decision to Adopt VCTs

A point mentioned by participants across all organizations was that adoption depended on the type
of study to be performed. In principle, if a research question was suitable, for instance, if a researcher
was interested in studying lifestyle changes measured through a wearable or collected via an online
questionnaire at home, a VCT could provide a significantly richer data set (including real-life data)
when compared to a conventional clinical trial. On a more practical note, for many respondents, the
decision to adopt VCTs also depended on the costs of the trials. If VCTs could in effect reduce costs,
some respondents would be inclined to conduct a VCT rather than a conventional clinical trial.

5.3.5 Options to Apply VCTs
The three stakeholder groups made several suggestions on what types of tools could be used and how
VCTs could be implemented. Contemporary smart devices or wearables could be used to measure
health parameters (eg, heart rate, temperature, oxygen saturation, respiration rate, blood pressure,
blood glucose level) and monitor patients while the investigational intervention or drug is studied.
Next to noninvasive measurements, the collection of small samples, such as drawing blood by a finger
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prick, is also possible. By extension, multiple blood droplet analysis devices exist that enable con-
sumers to collect data (eg, blood cholesterol, glucose, or ferritin) themselves and at home. Further-
more, participants mentioned the possibility of conducting online tests consisting of questionnaires
or cognition assessments that could be used in, for example, nutrition studies, where participants con-
sume a daily dietary supplement. The effect of the supplement on satiety or gastrointestinal function
could be monitored easily online and does not require clinical assistance.

Communication between patients and researchers/doctors could be executed virtually (ie, online).
Visits to the clinic, which usually would be planned in conventional clinical trials, could be done re-
motely, especially for follow-up visits once the patient is considered disease-free. Respondents from
the pharmaceutical companies and the research organization explained that a VCT could be imple-
mented when a product or service was close to market introduction. Such trials might investigate
how the product or service works in the real-life environment of patients. The hybrid variant was
mentioned as the most promising form of a VCT. This means that such trials would have virtual and
conventional clinical trial components. For instance, conventional clinical trials could have a hybrid
locality approach by collecting some data outside of the central research facilities (eg, plasma and
tissue samples are collected by affiliated labs and sent to central locations for testing). Figure 9 shows
agreement among the interviewees about potential VCT options.
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Figure 9: Options related to virtual clinical trials (VCTs) that interviewees agreed on. The counts and percentages provide an
indication of how many participants suggested VCTs for a specific study type.
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5.4 Discussion

5.4.1 Principal Results
In this study, participants acknowledged the innovative value of VCTs and agreed that the devel-
opment of VCTs should be further explored and promoted. However, various aspects have to be
improved before VCTs can be widely adopted, such as improving effective collaboration between
all stakeholders, clinically validating smart devices and wearables for data collection, and ensuring
patient compliance. The data obtained from our interviewees demonstrate that pharmaceutical com-
panies and the research organization in particular are aware of the benefits and disadvantages of
VCTs. However, the applicability of VCTs in research is not yet well known. Therefore, inform-
ing stakeholders of the advantages of VCTs is an important factor to speed up their consideration
and adoption. This is relevant especially now during the COVID-19 pandemic, due to which many
conventional randomized controlled trials have been halted; here, VCTs can make a substantial con-
tribution to the continuation of certain types of crucial clinical research (Ledford, 2020).

5.4.2 Comparison With Prior Work

5.4.2.1 Collaboration

All participants agreed on the importance of enhancing collaboration among stakeholders and, in
particular, with regulatory authorities. The acceptance of VCTs by regulators was perceived as a
barrier, which is in line with previous research. Polhemus et al. studied the adoption of patient-
facing technologies in clinical trials from an industry perspective, and one of the main barriers they
identified were regulatory challenges. This was due to a lack of specific guidance (no or few regula-
tions), geographic variability of guidance, and internal perceptions and misperceptions (Polhemus et
al., 2019). In addition, the CTTI stated that telemedicine was not widely used in the design and con-
duct of clinical trials because of legal and regulatory considerations (Clinical Trials Transformation
Initiative, 2018). Due to the COVID-19 pandemic, medical centers and CROs are required to set up
online communication and information repositories, resulting in the release of new VCT guidelines
by the FDA (Ledford, 2020; Food and Drug Administration, 2020b). When designing VCTs, it is
important to take these guidelines into consideration. The data infrastructure, processing, analysis,
and interpretation of a VCT are different compared to a conventional clinical trial. As also proposed
by the CTTI, there is a need for collaboration across various experts such as CROs, pharmaceutical
organizations, research organizations, and food and health organizations on one hand, and the com-
panies developing new technologies (eg, wearables) on the other (Apostolaros et al., 2020; Huang et
al., 2018; Izmailova et al., 2018).

5.4.2.2 Validation of Data Collection Tools

All participants emphasized that the accuracy of the data collected from, for example, wearables; do-
it-yourself blood analysis of glucose, cholesterol, hemoglobin, etc; or blood pressure devices in VCTs,
is crucial. Currently, there exist many consumer-grade devices that promise to improve health and
wellness without scientific evidence substantiating such claims; hence, there is an urgent need for
clinically validated devices and wearables (Kruizinga et al., 2019; Izmailova et al., 2018). The qual-
ity assurance (and measurement accuracy) of technologies has been questioned before and several
challenges were identified by previous studies (Polhemus et al., 2019; Abdolkhani et al., 2020). The
findings of Abdolkhani et al indicated that technical and policy standards need to be developed to
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guarantee the quality of data generated from wearables (Abdolkhani et al., 2020). Besides the need
for such standards, it is important to validate the wearables by “fit-for-purpose validation” (Goldsack
et al., 2020). In such trials, it should become clear, within a very short time frame, if the technology is
suitable to accurately measure clinically meaningful endpoints. According to Goldsack et al, the eval-
uation of a wearable device, or a biometric monitoring device, should consist of a three-component
framework, consisting of verification, analytical validation, and clinical validation (Goldsack et al.,
2020). This has to be completed before technologies can be utilized in VCTs.

5.4.2.3 Compliance

As described by our interviewees, investigators must carefully consider how to ensure a high degree of
compliance in VCTs. Moreover, they explained that proper instructions are crucial as patients have to
fully understand what is expected of them as active partners in a trial and need to know how to obtain
information. A clear and simple protocol is therefore required (Cerreta et al., 2020). According to
previous research, participants who understand the expectations of a clinical trial are more willing
and able to comply (Anderson, 2020). Furthermore, some participant groups, such as the elderly can
be less literate regarding electronic and smart devices (Roots Analysis, 2019; Latulippe et al., 2017). In
order to overcome this challenge, interviewees suggested that these participant groups receive more
assistance during VCTs. The technology used in a VCT needs to be user-friendly, and the trial itself
needs to be as simple as possible (Roots Analysis, 2019). Therefore, it has been recommended by the
CTTI that participants be engaged in technology selection. Only technologies that are easy to learn,
simple, convenient to use, and physically comfortable should be included in a VCT (Cerreta et al.,
2020; Levitan et al., 2018).

5.4.3 Implications for Practice and Policy
In order to improve the adoption of VCTs, it is important that all stakeholders collaborate with
each other (Hirsch et al., 2017). One option for enhancing collaboration among all stakeholders and
exploring if a VCT is a preferred option is an multicriteria decision analysis (MCDA) (Department
for Communities and Local Government: London, 2009). Although we have not yet implemented
this method, an MCDA might be a good option for researchers who are considering VCTs as a data
collection tool. An MCDA is a set of techniques that can help decision-makers take into account and
integrate multidimensional data (eg, attributes of benefit) and rank different decision alternatives
(Department for Communities and Local Government: London, 2009). For example, the preferences
of different criteria or parameters relevant to clinical trials could be elicited a priori and subsequently
“preloaded” as preference profiles into dedicated MCDA software. This would potentially result in
a more transparent and rapid decision process, and more effective support for decision-makers in
determining if a VCT, or some of its components, would be beneficial for their trial.

Although an MCDA gives a transparent methodology to compare different decision alternatives, it is
an extensive technique that might not be applicable to every context; one setting might be more ap-
propriate for an MCDA than another. For instance, it could be more easily implemented in larger or-
ganizations with, in relative terms, larger budgets than in smaller organizations. Next to the MCDA,
stakeholders should invest in the use of validated diagnostics to obtain the most reliable results in
VCTs (Goldsack et al., 2020). The adherence of patients can be improved by properly devising tools
that can motivate them (eg, in a playful way, that is, gamification) or via online monitoring. Because
a VCT is a new form of clinical trial with a digital approach, additional assistance might be neces-
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sary for some participants. For this reason, we suggest the installation of helpdesks to support trial
participants by answering their questions and providing them with support 24/7.

5.4.4 Strengths, Limitations, and Future Research
Underpinned by awell-known theoretical framework of innovation, our qualitative research approach
allowed us to elicit and characterize the broad experiences of interviewees with the VCT adoption
process (Gray, 2012). Furthermore, we made use of the COREQ checklist and an interview guide,
which improved the validity and standardization of the interviews, while allowing improvised follow-
up questions based on our interviewees’ responses (Tong et al., 2007; Gray, 2012). Whereas most
studies concerning VCTs are conducted in the United States, our research focused on Europe, which
is unique.

The conduct of this research in the European Union could be framed as a strength but also as a limita-
tion. Data sampling was restricted to Europe, mostly to The Netherlands. Since the United States is
more advanced in conducting VCTs, follow-up studies should also include this country in their data
sample. Furthermore, this pilot study only included pharmaceutical companies (including a CRO),
food companies, and a single research organization. Health care professionals, patients or partici-
pants, regulatory authorities, CROs, and payers are also important stakeholders in VCTs. According
to previous studies, these stakeholders should also be included in the process of clinical trial devel-
opment (Huang et al., 2018; Williamson et al., 2012). Therefore, future research should focus on these
stakeholders, and their preferences, value points, and perspectives on VCTs. Lastly, inclusion of only
one research organization introduced selection bias, leading to a less representative study sample.

5.6 Conclusions
This study used a qualitative research approach to identify the barriers and facilitators behind the
adoption of VCTs and explored how this process can be improved. Collaboration among all stake-
holders in VCT development is essential to increase knowledge and awareness. Organizations should
invest in accurate data collection technologies, and compliance of patients in VCTs needs to be en-
sured. Furthermore, we suggest conducting an MCDA to explore whether a VCT is a preferred option
by stakeholders; this can considerably enhance the decision-making process. Thefindings of this study
can be a good vantage point to accelerate the development and widespread implementation of VCTs.
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8.1 Overview of key findings
The potential of new health technologies to address hitherto unmet needs and reduce important re-
source shortages in current and future healthcare delivery cannot be overstated (Institute for Public
Policy Research (IPPR), 2018; Sagner et al., 2017). However, although many promising technologies
are developed, tested, and introduced in healthcare systems, those interventions that are consistently
and properly aligned with stakeholder needs and preferences, are most likely to be adopted and have
a notable and sustainable impact on clinical practice, and beyond (Fernald et al., 2015). Nevertheless,
stakeholder inclusion and information asymmetry in a range of innovation and technology evaluation
activities remains suboptimal. Based on various theoretical frameworks related to inter alia trans-
parency, accountability for reasonableness, innovation diffusion and market orientation, this thesis
explored different options and benefits of involving pertinent stakeholders and utilising their knowl-
edge in healthcare decision-making, delivery and innovation processes. To this end, a broad spectrum
of exemplars across vaccine evaluation, personalised primary care delivery and health research, and
cross-informing health innovation was explored.

Regarding vaccine evaluation, one major issue is that decision procedures are frequently not standard-
ised nor consistently reflect broader benefits of vaccination and affected stakeholder values, which
can lead to a variety of important concerns. We found that it is feasible to establish agreement on a
core set of vaccine value criteria for market access decisions, namely (displayed in rank order): (i) in-
cidence disease cases prevented per year, (ii) cost-effectiveness (including cost-benefit and cost-utility
analysis), (iii) high mortality disease (case-fatality-rate), (iv) severity of target disease (risk of morbid-
ity and mortality). At a dedicated meeting, where we presented our findings, attendees confirmed the
importance of our results. Furthermore, we demonstrated, that proper integration in SMART Vac-
cines (vaccine-specific MCDA) of such a core set of vaccine evaluation criteria as priorities – provided
that central and affected stakeholders agree on their nature – would significantly improve the degree
of transparency and accountability for reasonableness of MCDA-based vaccine decision making.

Regarding personalisation of care in the primary care setting, we successfully developed a roadmap
concept for a novel POCT-focussed, community-based, semi-autonomous DIY digital medical cen-
tre (dMC) that facilitates personalised prophylactic and therapeutic care and involves patients in
their health/disease management. dMCs are supported by central data and analysis ecosystems which
would ideally benefit from routine data collection by smart mobile diagnostics, devices and applica-
tions, to be utilised outside of the clinical setting and support dMC patient care. Importantly, a
recent development facilitated by smart mobile diagnostics, devices and applications – so-called vir-
tual clinical trials (VCTs) – fit perfectly with the dMC concept. VCTs promise major benefits in
complementing contemporary health research and facilitating novel study designs, however, VCT
adoption is not commonplace as of yet. We found that important barriers to VCT adoption relate
to lack of awareness and/or expertise of stakeholders, challenges with diagnostic technology (user-
centred) design and validation, data processing, trial protocol development, subsequent regulatory
hurdles, and suboptimal collaboration among stakeholders. By the same token, actively disseminat-
ing high quality information on VCT trial designs and results, properly involving central stakeholders
in device (and trial protocol) development, as well as providing support to device-users can facilitate
VCT adoption and support the collection and analysis of real-world evidence for health research.
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Finally, stakeholder information asymmetry can lead to innovation frustration, especially for aca-
demic entrepreneurs and SMEs. Market intelligence can improve the alignment of new health tech-
nologies with stakeholder needs and in turn the prospects of improving health outcomes and health
system productivity. For the biopharmaceutics sector, we found that healthcare market factors, such
as health system priorities, user needs and preferences, and evidence requirements, in particular for
regulators, are central market intelligence themes. Conversely, and in particular in emerging tech-
nology fields, innovation activities can outpace regulatory oversight and, due to scientific knowledge
gaps, inhibit the formulation and harmonisation (across jurisdictions) of regulatory protocols; this
can, in turn, also lead to innovation frustration. Although we found that, overall, LBP patenting
activity is declining, we also found increases, in relative terms, for some less expected disease targets,
namely cancer and disorders of the neuromuscular system. Smaller increases were found for technolo-
gies targeting the metabolism, skeletal system and skin (dermatology), and anti-infectives. Medicinal
preparations dominated in each target therapeutic activity group vis-à-vis food preparations (3:1).
Interestingly, while the largest applicant group was based in the USA, the Chinese market was the
territory that received the most patent applications by far. This is likely no co-incidence as regulatory
standards for LBPs are more favourable in China.

Against a broad range of exemplars, we demonstrate that there exist diverse alternatives to take stake-
holder needs and preferences into account. If the goal of health policy makers and innovators is to
support health systems in sustainably delivering the best alternatives to protect populations from
harm, improving the effectiveness and efficiency of healthcare delivery, and truly transition into a
new era of personalised care, they must focus on properly informing and involving all affected stake-
holders across the innovation spectrum in introduction, product design, and prophylactic and thera-
peutic care decisions. This is not to say, that innovation should not be properly financially rewarded.
However, failing to properly elicit and incorporate pertinent needs and wishes leads to unnecessarily
missed opportunities that adversely affect all stakeholders.

Table 11: Subquestions and pertinent chapters in this dissertation.

Chapter Subquestion

Theme: Improving vaccine evaluation
2 “Is it feasible, by surveying leading experts of the global vaccine community, to identify for vaccine evalu-

ation a general set of universally applicable priority attributes which we have called Core Values?”
3 “Do core values for vaccine evaluation improve the degree of transparency and stakeholder alignment in

vaccine decision-making and what would the impact of their integration in SMART Vaccines be on
SMART Vaccines based decisions?”

Theme: Facilitating personalised primary care delivery and health research
4 “How might a novel, innovation-driven primary care setting be designed to maximise the personalisation

of care, while improving medical literacy and stakeholder involvement, and increasing health system
productivity?”

5 “What are potential adoption barriers and facilitators of virtual clinical trials?”

Theme: Cross-informing health innovation
6 “What are core market research considerations of senior managers and marketing experts in the biophar-

maceutics industry?”
7 “Which are target diseases and intervention technologies that attract strong interest of innovators accord-

ing to recent global patenting activity?”
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8.2 Subquestions per theme
Table 14 shows the subquestions that guided the studies included in this work.

In the sections below, the key findings of each research project theme are presented, and their impli-
cations for practice and policy as well as future research discussed. This chapter also includes a brief
reflection on the strengths and limitations of the study methods employed for this research and closes
with a conclusion.

8.3 Improving vaccine evaluation
For vaccines, developing and collecting necessary safety and efficacy evidence, and receiving mar-
keting authorisation and market access approvals can be a highly risky and resource intensive un-
dertaking. In exceptional cases, it can take decades for a novel vaccine to transition from ‘bench to
bedside’ (Heaton, 2020; The Lancet Child & Adolescent Health, 2019). In particular for arguably
central and equity-increasing public health measures, such as vaccines, it is therefore all the more
important that rationales and modelling approaches underlying market access decisions are based on
broad, stakeholder consensus centred values (Bärnighausen et al., 2014; Standaert & Rappuoli, 2017).
Decisions based on narrow or exclusive decision criteria can lead to considerable social resistance
and cause unnecessary suffering and costs for essentially all affected stakeholders (Mekalanos, 2013;
Meningitis Now; Moxon & Snape, 2013) – for example, a recent study suggests that a range of poten-
tially avoidable innovation barriers frustrate SARS-CoV-2 vaccine development (Janse et al., 2021).
To start to address this issue, we investigated if it is feasible to identify a core set of vaccine attributes
of benefit – as a starting point, across a group of vaccine experts – to be taken into consideration
by NITAGs when weighing the costs vis-à-vis benefits of a vaccine under consideration (chapter 2).
In a second step, we assessed if the integration of such stakeholder-centred core criteria in a vaccine
specific multi-criteria decision analysis tool, SMART Vaccines, could improve the transparency of
decision rationales and accountability of decision outcomes of SMART Vaccines, or similar decision
tool, -based decision making (chapter 3).

8.3.1 Key findings: Reaching consensus on core values for vaccine evaluation
Eliciting and considering a broad set of (potentially conflicting) values and needs in vaccine evaluation
is crucial to improve alignment of decision outcomes with stakeholder needs. In particular expertise
of human health and infectious diseases, epidemiology, vaccine development and funding, vaccine
evaluation and, more generally, policy processes is crucial to anchor and relate conceivable evaluation
priorities to vaccine decision-making. Therefore, vaccine experts working inter alia in academia or
private R&D, public health, donor and purchasing pool organisations, and those involved in NITAG
decisioning, are a highly relevant (and favourably diverse) sample to start to determine if agreement on
such vaccine evaluation priorities is possible. Based on two subsequent quantitative studies with n=53
and n=43 vaccine experts, we report, in chapter 2, that it is in fact feasible to reach a clear consensus
on a core set of vaccine value attributes, i.e. priorities, and agreement that these attributes should
be taken into consideration for (national) vaccine evaluation procedures. The four overall priorities
for vaccine evaluation that we identified are (displayed in rank order): (i) incidence disease cases
prevented per year, (ii) cost-effectiveness (including cost-benefit and cost-utility analysis), (iii) high
mortality disease (case-fatality-rate), (iv) severity of target disease (risk of morbidity and mortality)
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At the Global Health 2035: Mission Grand Convergence meeting (2015; Siena, Italy) which was or-
ganised to further explore our results, the vaccine experts (n=60) in attendance discussed the core
values for vaccine evaluation in general, and subsequently explored their application in workshops for
various income settings and disease:population scenarios. The attendees came to the conclusion that
while CVs should indeed be included in vaccine evaluation generally, CVs should be complemented
by national or local health system priorities (Global Health 2035: Mission Grand Convergence, 2015).

8.3.2 Key findings: The impact of including core values for vaccine evaluation in
SMART Vaccines
Decision makers, be they elected or appointed, cycle on and off decision committees on a regular basis.
In consequence, and besides other group dynamics-based decision challenges, the degree of alignment
between decision makers’ and affected stakeholders’ values and needs can vary, in particular over time.
For decisions that have pervasive implications and impact on entire populations, decision outcomes
must be, ideally, highly aligned with affected stakeholders or have a strong justification for deviating
from the norm. If decision outcomes are to feature a consistent degree of equity and importantly re-
producibility and comprehensibility (during and after decisions have been made), decision processes
and the rationale for arriving at certain conclusions must be transparent, reasonable and account-
able. The most straight forward and sustainable approach to address varying degrees of decision
maker alignment is to standardise the process and integrate important decision criteria as a constant
component; thereby the burden for ensuring transparency, accountability and reasonableness is trans-
ferred from the decision maker to the decision tool (chapter 3). In chapter 3, we demonstrate that
including core values for vaccine evaluation as a constant component in SMART Vaccines, or other
MCDA-based NITAG decision-making tools for that matter, provides a step increase in the degree of
transparency and accountability for reasonableness (A4R) of vaccine decision procedures, and align-
ment of pertinent outcomes with stakeholder values. In its current form, SMART Vaccines (without
CVs) fulfils only 2 out of 12 transparency criteria and A4R conditions. If CVs were to be integrated
in SMART Vaccines, 11 out of 12 of aforementioned criteria/conditions would be met. The A4R
enforcement condition, i.e. to enforce the utilisation of CVs, cannot be fulfilled without political
will and pertinent policies. Although the evidence appears strong and compelling, the enforcement
condition could be the achilleas heal of CVs but also of SMART Vaccines. Naturally, the degree of
standardisation must be carefully balanced to ensure that although affected stakeholders’ wishes are
considered, the flexibility of the decision maker is not impeded in a manner that will prevent ‘optimal’
decision outcomes.

8.3.3 Recommendations
NITAG representation and decision criteria have been expanding considerably in the past years, how-
ever, the shear complexity of decision criteria is challenging and de facto stakeholder consultation
remains an important issue (Steffen et al., 2021). This strengthens the premise that a set of core values
should guide vaccine implementation decisions. One major limitation of the reported core values for
vaccine evaluation is that non-vaccine expert stakeholders were not involved in the study. Therefore,
other stakeholders should be included in similar research to gauge their needs preferences. Luyten
and colleagues recently ran a population level survey in Flanders, Belgium, and found that vaccine
effectiveness and target disease factors (mortality) – which are aligned with two of our core values
– were overall more important than socioeconomic factors. Cost of a vaccine was less relevant in
particular if it was covered by a public entity, which is not further surprising, as important vaccines
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are typically covered by national immunisation schedules. Also, target disease incidence was not at
the top of the list while eradication, which might be considered highly related in layman terms, was
(Luyten et al., 2020). Although Luyten et al.’s study could be, in principle, replicated in other settings,
they used n=40 dimensions of value which likely renders concrete decisions on preferences from a cog-
nitive standpoint problematic. Ideally, the dimensions of value would be reduced to a number that is
digestible. Furthermore, consensus on the formulation of a standard set of vaccine utility measures,
formulated also in layman terms, should be used for further studies to render results more readily
comparable and valid across settings. Unfortunately, the inclusion of priorities as a constant compo-
nent in SMART Vaccines, as suggested in chapter 3, has not happened as of yet. SMART Vaccines
2.0 has been released and recently successfully used by the Uganda NITAG in a low-income setting
(McCormick et al., 2020). However, SMART Vaccines 2.0 has been designed to process more diverse
types of information rather than standardise evaluation around transparency and accountability cri-
teria. While the increase in flexibility is commendable, quality of disclosure of decision criteria and
rationales remains dependent on voluntary reporting practice. Therefore, we restate the recommen-
dation that SMART Vaccines based decision making should be centrally documented and actively
reported as a quarterly publication or similar type of communication.

8.4 Facilitating personalised primary care delivery and health research
Innovation regarding new health, and in particular diagnostic, technologies is a key driver for ad-
vancing prophylactic and therapeutic personalised medicine in the primary care setting, collecting
and analysing multi-dimensional real-world evidence for health research, and improving the produc-
tivity of health systems (Christodouleas et al., 2018; Sagner et al., 2017; Sherman et al., 2016). In addi-
tion to innovative technologies, both personalisation of care and modern health research approaches
are increasingly a product of co-creation and therefore require the proper and proactive inclusion
of stakeholders – especially patients and trial participants – whose individual medical literacy and
shared decision-making capacities are of central importance. Primary care plays a key role to pre-
serving and promoting population health (Galea & Kruk, 2019; Starfield et al., 2005; Wasmann et al.,
2019). In chapter 4, we develop a roadmap concept for introducing advanced diagnostics and data
analytics-driven semi-autonomous DIY digital medical centres (dMCs) in the primary care setting
that are able to deliver cutting-edge routine and personalised primary care, and empower patients
to sustainably take informed care and life-style decisions. The logical complement of the dMCs is to
utilise innovative data collection instruments outside of the clinic – especially at home – and thereby
monitor and guide patient health and improve intervention compliance. This also opens up avenues
for trialling novel types of interventions, enriching conventional intervention effectiveness data and
improving the number and diversity of trial participants. As these so-called virtual clinical trials
have significant potential to improve care but have not been adopted broadly as of yet, we report, in
chapter 5, on our investigation into pertinent barriers and facilitators to their utilisation.

8.4.1 Key findings: Exploiting innovation to involve patients in their own person-
alised care
Comprehensive personalisation of care should, ideally, start at birth. While this as of yet might
not be commonplace, primary care settings should be increasingly equipped with a standardised set
of molecular point of care testing facilities to, at the earliest time point possible, assess individual
risk and suggest personalised health preservation and routine care based on extensive genetic, ge-
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nomic and microbiomic information of patients (chapter 4). As we devise in chapter 4, the advanced
diagnostics- and analytics-driven, semi-autonomous DIY digital medical centre (dMC) concept, that
focusses on provision of personalised care, prevention, patient literacy, and shared decision-making,
can facilitate the implementation of accessible P4 medicine-conform ‘routine’ physical and mental
healthcare while improving productivity of health systems. Naturally, in addition to advanced diag-
nostics and 24/7 access to AI-driven consultation, dMCs require the proper integration of electronic
health records (Hecht, 2019), seamless access to national health data clouds (Bahga & Madisetti, 2013),
newest methods of clinical evidence synthesis and guideline development (Khodambashi & Nytrø,
2017), and on-demand physician interfaces (Blandford et al., 2020). Besides patients, who might re-
quire time to establish confidence in, and appreciate the utility and convenience of, dMCs and the
enhanced health literacy and shared responsibility capacities that dMCs affords, policy makers but
also biostatisticians and new disciplines, such as the dMC-nurse-pharmacist, and the establishment
of national data analytics centres are only but a few important examples of facilitators to dMC-
implementation. Therefore, our concept integrates with the dMCs two crucial components, namely
the National Clinical Informatics Centre (NCIC) that hosts the healthcare cloud (HC) and runs
data analysis, and eClinician Centres (eCCs) that provide, at a regional level, on-demand telehealth
consultation services should consultation algorithms not come to a conclusive high confidence diag-
nosis or dMC-users require personal assistance. In addition to hosting the HC, the NCIC integrates
four important centres, namely: (i) the Patient Data Centre (PDC), which focusses on analysis of
individual patient data and curates personalised care and health plans; (ii) the Population Trends
Analysis Centre (PAC) focusses on epidemiology and population-wide (emerging) disease pattern
analysis based on HC data; (iii) the Biomedical Knowledge Hub (BKH), which integrates newest evi-
dence and predictive capabilities, such as intervention outcomes analyses, with existing HC data and
thereby improves care and health plans, and emergency responses; and (iv) the Health Policy Inno-
vation and Evaluation Centre (HPC), which scrutinises, for example, regular reports and qualitative
information, to identify stakeholder needs, sets health system goals and develops policies and complex
interventions, and evaluation criteria thereof. Although we contend that the initial cost of piloting
and implementing such centres would require substantial funding – inter alia for developing novel or
improving existing POCT devices and other pertinent technologies – standardisation, and economies
of scale and scope will facilitate pooling of resources and reduce operational costs vis-à-vis traditional
GP practices and will, therefore, likely offset initial investment and ultimately free-up resources for
other functions within health systems. Furthermore, contemporary best practice healthcare financing
models, such as risk-adjusted capitated payments, can be utilised by healthcare funds to cover and
control the operational cost of dMCs. dMCs are perfectly aligned with contemporary cost control
policies and health system goals, i.e. to sustainably improve the efficiency and quality of care while
decreasing associated expenditures (chapter 4).

8.4.2 Key findings: Exploiting innovation to involve patients in collecting real world
evidence
Conventional randomised controlled trials (RCTs) are highly suited to test the efficacy of new health
interventions against an ideally homogenous cohort in rigorously controlled (clinical) environments.
However, RCTs are traditionally not designed to collect relevant evidence that impacts intervention
effectiveness outside of the clinical setting. Although utilisation of smart (diagnostic) devices, to
monitor digital biomarkers and collect small biological samples, and associated internet of things-
based methods, such as online visual acuity or HRQoL tests, can considerably improve effectiveness
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data and increase patient medical literacy, sense of ownership, and thereby compliance, virtual com-
ponents to RCTs are not commonplace as of yet (chapter 5). In chapter 5, we report that virtual
clinical trials can offer considerable and recognised benefits to health research and patient involve-
ment, however, technical and regulatory issues, such as lack of validation of smart diagnostics and
trial protocol development, and suboptimal stakeholder collaboration remain barriers to the wide-
spread implementation of VCTs. From a technical standpoint, variation in quality (sensitivity and
specificity) of smart diagnostic devices, can create major issues for their validation. Even when the
quality of devices is considered adequate, diverse proprietary approaches by manufacturers to data
formatting, processing, handling and ownership can prevent devices’ suitability for (long-term) sci-
entific purposes. Moreover, if devices are not easy to use/intuitive for patients (or healthcare profes-
sionals for that matter) – which is a subjective measure at best – this decreases the chance of device
adoption for VCTs. Coincidentally, this can substantially increase the degree of training and support
needed for device utilisation, which necessarily requires allocation of additional resources, but can
also result in faulty operation or non-utilisation of devices. A further major challenge is information
asymmetry, which can entirely prevent efforts to conduct VCTs. For example, potential trial spon-
sors might not always be aware of the benefits of VCTs or not know how to design them because
they do not collaborate with organisations that have experience with VCTs. Moreover, collaboration
among central stakeholders who conduct VCTs, such as trial sponsors, principal investigators and
their support staff, as well as regulators is suboptimal which can lead to the design of inadequate
trial protocols and therefore result in friction between the aforementioned stakeholders, and in con-
sequence further frustrate collaboration efforts. We found that publication and active dissemination
of VCT trial results can reduce information asymmetry, providing good instructions and support for
user of devices, etc., and actively involving central stakeholders (including patients) in the device and
trial protocol development can facilitate VCTs.

8.4.3 Recommendations

Recently, efforts have been made to move towards community-based care (Valluru et al., 2019). Our
case study and VCTs fit perfectly with this trend. Nevertheless, in addition to all the benefits that the
dMC concept and VCTs provide, three recommendations exist. First, in addition to developing with
users, and other stakeholders, specific new health and diagnostic technologies including miniature
variants and integrations with smart and mobile devices and apps, we recommend eliciting from var-
ious stakeholders their needs and preferences, and constraints, and create standardised yet modular
platforms for technology (and software) development and validation. This would, ideally, facilitate a
regulator-sanctioned, streamlined, and inherently user-centred approach that would likely reduce the
risk of failure for innovators and create an ecosystem of compatible devices, the data format of which
would be standardised and could be stored in a fashion that would ensure data privacy and security
but allow interrogation by research organisations, health policy makers and others with verifiable le-
gitimate interests. The recently initiated REG-MEDTECH study (June, 2021) might bring insight as
to how this issue might be approached, in particular from a cyber security perspective (UCL, 2021).
Second, estimating the specific costs of developing, piloting and running dMCs was beyond the scope
of our dMC case study. Although we believe that, due to economies of scale and scope and afforded
productivity gains, dMCs will save costs long-term, a rigorous economic analysis would show which
costs can be estimated or projected currently, and highlight the components of the concept for which
uncertainty exists. Third, as the environmental impact of healthcare, in particular CO2-emissions, is
a timely and highly important issue (Haines & Scheelbeek, 2020), the life-cycle impact of dMCs and,
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importantly, the supporting ecosystem should be estimated in future research.

8.5 Cross-informing health innovation
Successful innovation, in particular regarding new health technologies, is highly dependent on a
broad and diverse range of stakeholders interacting and adding value to new products. One im-
portant stakeholder group is private organisations that develop novel or improve existing products.
Their knowledge of stakeholder needs and preferences (including but not limited to patients, health-
care professionals, regulators, medical review boards, competitors), and proper incorporation of said
stakeholder-centred features in the product development process can have a profound impact on
the likelihood of a product receiving regulatory approval, market access and being adopted by users
(Fernald et al., 2015). However, academic entrepreneurs and SME – coincidentally the drivers of in-
novation – frequently do not (properly) elicit stakeholder needs and preferences and therefore risk
product failure or suboptimal uptake (Fillis, 2002; Gilmore, 2007). Although this might have multiple
reasons, paucity in know-how is an important contributor (Choi et al., 2014). In chapter 6, we report
central market research considerations based on our enquiry with senior managers and marketing
experts in the biopharmaceutics sector.

A second important stakeholder group is national regulatory agencies (NRAs). NRAs act as gate-
keepers to markets and protect target populations by reviewing safety and efficacy evidence and, in
consequence, reduce uncertainty around new health technologies they approve (Heaton, 2020) – the
reduction of uncertainty represents value in itself (Pascale Lehoux et al., 2014; P. Lehoux et al., 2017).
By the same token, NRAs and their assessment protocols can also provide planning security to inno-
vators; NRAs can also incentivise specific innovation by prioritising new products that address unmet
needs. Conversely, uncertainty around how to regulate novel technology fields can lead to sustained
absence of, or substantial variation across, regulatory protocols (Rouanet et al., 2020). This can deter
innovators from investing in the development of new technologies (if the risk of failure is perceived
as high) and, importantly, subsequently prevent the exploration and/or development of new health
interventions that could address unmet needs (Van de Burgwal et al., 2018a). This is currently the
case for live biotherapeutic products and two important target markets/populations, namely those
of the USA and EU. Information on technologies that innovators consider valuable enough to patent
can indicate to NRAs which are technologies that will likely require regulatory oversight in the fu-
ture (Cordaillat-Simmons et al., 2020). This information, in turn, can indicate priorities for further
research (and funding) to reduce uncertainty around the regulation of these technologies. In chapter
7, we report our patent landscape analysis of live biotherapeutic products that public and private or-
ganisations have patented recently, and that, therefore, might require NRA assessment in the future.

8.5.1 Key findings: Eliciting stakeholder needs for biopharmaceutic products
Market research is an essential tool for eliciting and understanding various stakeholder needs and
preferences pertinent to new health technologies. Alignment of products and services with identi-
fied needs and preferences (orientation towards the market) is crucial for increasing the likelihood
of innovation and, in turn, patient treatment success (Fernald et al., 2015). Based on our interviews
with 16 senior executive and marketing experts in the biopharmaceutics field, we report in chapter 6,
that understanding the unmet needs, i.e. priorities, in healthcare markets is crucial in order to make
early decisions on product development, such as the market potential or intended indication (or tar-
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get population) of a product. Data needs must be taken into consideration to collect the adequate
type and amount of evidence for regulatory review. Similarly, if and once regulatory approval has
been granted, medical review boards’ priorities, budgetary constraints and cost perspectives (health
system, wider economy, etc.) must be understood; otherwise, the likelihood of receiving reimburse-
ment and recommendation status (market access) is low. Patients and healthcare professionals (users)
are central stakeholders as, should market access be granted, users determine if a product will be
utilised – in particular if alternatives exist. Products that have not been developed with user needs
and preferences in mind will, in many cases, not be successful. While good relationships are generally
an important factor in facilitating information acquisition, various alternatives exist for approach-
ing stakeholders and gathering and analysing information. Although analysis of quantitative data is
helpful to understand healthcare markets and pertinent opportunities, mixed methods (interviews
and surveys) are particularly helpful to understand target populations. Especially patient advocacy
groups and physician societies, and leading scholars in the field, can be insightful interviewees and
survey participants, as they can help map out the patient journey to better understand the context,
and pain and value points of an (prospective) intervention. Regarding regulatory requirements and
market access, NRAs can typically be approached directly through dedicated information officers
and previous (documented) regulatory decisions reviewed on the web. When considering competi-
tion, quantitative market analysis but also review of industry journals, magazines and newsletters, as
well as attendance at scientific and trade conferences, can be used for systematic or ad-hoc market
intelligence gathering.

By utilising the market research toolbox we have developed from the results of our qualitative study,
innovators in the biopharmaceutics sector can considerably increase their degree of market orienta-
tion and thereby alignment of their developments with stakeholder needs without necessitating ex-
tensive resource commitment and technical know-how. Our toolbox comprises a top-level mapping
of market intelligence considerations against a novel innovation cycle, a model to assess stakeholder
reasoning and value, and checklists with detailed considerations per stakeholder pertinent to bio-
pharmaceutic products. The innovator toolbox can also be exploited to conduct market research for
medical devices.

8.5.2 Key findings: Cross informing stakeholders to focus funding on closing po-
tential regulatory knowledge gaps
Live biotherapeutic products are considered highly promising interventions to manage hitherto un-
treatable diseases, or complement or replace treatments that are suboptimal (Cordaillat-Simmons et
al., 2020). As alluded to above, novel applications based on emerging scientific fields featuring a sub-
stantial degree of uncertainty around safety and mechanisms of action, frequently suffer from paucity
in regulatory oversight. Patenting activity is considered a good indicator for estimating which tech-
nologies might require regulation in the near future, and can therefore help regulators and policy
makers prioritise funding to close knowledge gaps (chapter 7). In chapter 7, we report the results of
our global patent landscape analysis including 6,250 patent applications submitted between begin-
ning of 2013 and end 2018. Apart from some exceptions, innovation in the field of live biotherapeu-
tic products is in decline and focussed on the Chinese market – without addressing urgent scientific
knowledge gaps, harmonisation of regulatory standards in Western countries will remain a challenge,
further frustrating innovation and thus development of novel treatments for stakeholders in these
markets. Although patenting activity in absolute terms is still increasing, the year-on-year increases,
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in relative terms, have been in steady decline since 2016: 2014/2015 (top increase: 49%) to 2017/2018
(-11%). A range of reasons could explain the downward trend: a decrease in confidence of appli-
cants in receiving regulatory approval (and associated high risk of commercialisation failure), lack
of scientific knowledge and challenges regarding technical feasibility, or utilisation of other forms
of intellectual property protection (Mark). Regarding territories, although 24% of patents were filed
in China (more than twofold vis-à-vis other territories), the largest proportion of applicants by far
(34%) was based in the USA. Merely three territories were among the top 6 both in regard to ap-
plicants and applications received (USA, South Korea and Japan). The strong focus on the Chinese
market is likely due to existing yet less strict regulatory protocols and cultural affinity towards tradi-
tional and alternative treatments in this territory. Between 2013 and 2018 the by far most patented
technologies in absolute terms target diseases of the GI tract followed by anti-infectives, and tech-
nologies targeting disorders of the immune system and allergies. However, in relative terms (based on
geometric growth rates for the entire period of investigation), the private sector substantially drove
patenting activity for technologies targeting disorders of the neuromuscular system and cancer, while
academia focussed more on disorders of the metabolism, skeletal system, anti-infectives and derma-
tology. Overall, medicinal preparations were patented three times more often than food preparations
per target therapeutic activity group. This is not surprising as developers can apply for market access
and potentially receive reimbursement status which can provide highly attractive financial rewards
over and above retail prices for food preparations, if regulators grant health claims. Regardless, the
overall decline in patenting activity for live biotherapeutic products indicates that innovators are
losing confidence in the prospect that the FDA and EMA will harmonise regulatory protocols and
review pertinent applications and grant health claims in the near- to mid-term future. Failure to ad-
dress this issue by funding research to close knowledge gaps risks further postponing potential novel
modes of (personalised) patient care and disease prevention strategies.

8.5.3 Recommendations

Quite similar to the recommendations made regarding dMCs and VCTs (section above), product
development activities and alignment with stakeholder needs could be considerably improved if a
standardised product development, validation and information platform, conceivably AI-assisted,
would be established to help academic entrepreneurs and SMEs better apply their value proposition
to the needs and preference of stakeholders. As healthcare is considered a common good, determining
the stakeholder utility of new health technologies might be considered a common good component of
new health technologies. The likely key to levelling the playing field is to reduce barriers to using such
platforms for those with limited finances and rewarding those that ultimately use them. Our market
research toolbox could be the basis for further research into how access to such platforms might be
most feasible and risk-adjusted for maximum stakeholder benefit. Regarding innovation policy and
regulatory oversight for emerging technology fields, patent landscape analyses should be integrated
with regulatory assessment and pertinent policy and funding planning procedures. Microbiota and
themany human niches they populate are highly promising targets for novel personalised prophylactic
or therapeutic interventions and (neo)adjuvant interventions. Although only 6% of patents in our
study were applied for by public-private partnerships, and the specific nature and dynamics of those
partnerships was not established, encouraging further collaboration among stakeholders, in particular
between academics, private innovators and regulators, would likely expedite the process of focussing
research R&D activities on establishing causality for and around specific envisioned applications. For
example, policy makers could provide incentives for the private sector to fund basic research or pool
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resources – together with other private sector organisations or public funders – to address the specific
questions that regulators have. The incentive might be the prospect of receiving regulatory support
and being first to market if they have substantially contributed to expanding the necessary evidence
base.

8.6 Strengths and limitations
Underpinned by an emergent design (Pailthorpe, 2017) and a mixed methods approach (Shorten &
Smith, 2017) this thesis explored – based on different healthcare themes – how stakeholder involve-
ment and knowledge can be utilised to improve healthcare innovation and thereby address the fol-
lowing research question:

“How can stakeholder inclusion and input in healthcare innovation be improved?”

To this end, literature reviews, case studies, questionnaires, semi-structured interviews and a patent
landscape analysis were utilised. All individual methods were reviewed and judiciously selected based
on their suitability to collect and analyse the appropriate type of data to, in turn, adequately explore
possible answers to the sub-questions of this thesis. Nevertheless, each method has strengths and
limitations and research is always inherently biased. The main strengths and limitations of each study
in this thesis are briefly discussed below.

In chapter 2, we used two consecutive quantitative surveys, each based loosely on the Delphi-method,
to explore the level of agreement around core vaccine evaluation criteria benchmarked against a di-
verse set of 8 infectious disease targets and ‘overall’. The vaccine evaluation criteria under consider-
ation were based on the attributes of value, which had been previously agreed upon by the Institute
of Medicine (IOM), for inclusion in SMART Vaccines 1.0. The study was designed together with
a senior statistician who also ran statistical analysis on both sets of survey data. To improve face,
content and construct validity the preliminary survey was discussed and piloted with various vaccine
research and development experts employed by the internship organisation (Novartis/GSK Vaccines)
and two external vaccine and health economic expert members of the IOM. Our cohort was con-
venient, primarily composed of experts working in research and development – in academia or the
private sector and therefore inherently biased towards decision makers. Most of our participants
were advisors or directly involved in policy making and/or NITAG members, and some were senior
affiliates of donor and vaccine acquisition and distribution organisations (e.g. BMGF, WHO, GAVI).
Although we included key experts working on vaccine development and acquisition for LMICs and
who are aware of pertinent immunisation challenges, most experts were based in high-income coun-
tries and some in middle-income countries. Also, the sample itself did not include patients or their
advocacy groups nor did we establish if the participants were also members of medical societies. We
received 53 full responses for the first survey and 43 for the second respectively, however, we did not
determine the sample size a priori. Therefore, it is not clear if the study can be generally considered as
sufficiently statistically powered. However, we compared the composition of respondents across sur-
veys and found that they were not statistically different indicating together with the nearly identical
results of both studies that a relevant sample had been covered. Moreover, as our research aim was
to identify, among experts with specific backgrounds and functions, preferences regarding core vac-
cine evaluation criteria, a purposive sampling strategy can be considered adequate. Furthermore, at a
confidence level of 95% our analysis established findings, which were confirmed at the Global Health
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2035: Missing Grand Convergence meeting in Siena (2015), which suggests that for an important and
influential group of vaccine experts, our results are relevant, and the methods utilised for this work
are appropriate.

In chapter 3, we performed a literature study based on a narrative literature review and combined two
theories related to transparency and accountability for reasonableness into an analytical tool to ex-
plore the impact of including core values of vaccine evaluation in SMART Vaccines, a vaccine-specific
MCDA decision system. The principles underpinning the study, i.e. to transfer the burden of ensuring
transparency and accountability from decision makers to decision tools, is highly likely not unique to
vaccine decision making. Therefore, the degree of generalisability of the findings is likely medium to
high. However, the study lacks empirical evidence to confirm if, for example, decision makers would
commit to using a tool that inherently limits their degree of autonomy or requires of them to reveal
their preferences (although publicly disclosure of the decision rationales would not require disclosure
of the specific decision maker’s identity). Also, decision tools other than SMART Vaccines might not
be readily modifiable which might further limit the inclusion and thus applicability of our results.
Nevertheless, the utilised frameworks perfectly supported the analysis of the impact of including core
values in SMART Vaccines and therefore our research design was highly adequate.

In chapter 4, we performed a literature study based on a narrative literature review to design a per-
sonalised medicine based primary care concept. We provide extensive arguments for why the current
design of health systems is not sustainable and how we envision to address these issues. However, due
to the scope of the case study it lacks empirical evidence: it is not clear how the concept resonates
with stakeholders, how high (or low) the costs and carbon footprint of the dMCs and pertinent sup-
port infrastructure might be, or how quickly innovators can provide the technologies necessary for
establishing proof of concept and piloting dMCs. Nevertheless, the aim of the study was to explore
a holistic concept integrating existing or conceivable technologies and providing a new perspective
on how personalised and patient-engaging healthcare could be implemented in the near future. The
study methodology can thus be considered adequate.

In chapter 5, we used a qualitative approach (semi-structured interviews) based on Rogers Diffu-
sion of Innovations theory to identify barriers and facilitators of virtual clinical trial utilisation. We
used the COREQ reporting checklist to ensure transparent reporting of our study. The data collec-
tion instrument, i.e. interview guide, was discussed with a VCT expert and a scholar experienced in
qualitative research (the author of this thesis) to improve face and content validity. In addition, the
interview guide was piloted with two independent research experts from the internship organisation
(TNO). All interviewees received a summary of the interview for their review and comment. We
used an epistemologically independent yet established method for analysing textual evidence (the-
matic analysis by Clarke & Brown 2006) and open coding. Although we reached data saturation in
the 15th interview, the degree of applicability of our results to other settings is unclear, as is the case
with interview-based qualitative small-n studies in general. One major strength of our study is that
we explored barriers and facilitators in the European context which is hitherto unique.

In chapter 6, we used a qualitative approach (semi-structured interviews) underpinned by Kohli &
Jaworski’s Market Orientation framework to identify core market research considerations for the
biopharmaceutics sector. Also for this study, the COREQ reporting checklist was used. Face and
content validity of the data collection instrument, i.e. interview guide, was discussed and improved
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with two health technology commercialisation experts. In addition, the interview guide was piloted
with two experts from the internship organisation (Biointelect) to improve construct validity and
reliability. Furthermore, we performed member checks post preliminary analysis. We used thematic
analysis (Clarke & Braun, 2006), deductive and inductive coding procedures, and repeatedly discussed
the themes we had identified and how they inter-relate among ourselves and with experienced col-
leagues. Although we reached data saturation in the 12th interview, the degree of applicability of our
results to other settings is unclear, as is the case with interview-based qualitative small-n studies in
general. However, the fact that our interviewees had on average 29 years of experience and were based
in consolidated as well as highly dynamic markets, we reached data saturation and our results read-
ily mapped to an established innovation framework, gives confidence that the research design and
methods are appropriate and that our results might apply to other healthcare product development
procedures.

In chapter 7, we used a semi-mixed methods design approach underpinned by best practice guidelines
to perform patent landscape analyses complemented by further analysis based on previous pertinent
publications to provide an overview of potential future health technologies targeting the microbiome.
Although we extensively tested and refined our search strategy, double-checked with experts from the
Dutch patent office, and reviewed a random sample of our results from Espacenet, which indicated
that 93% of documents were relevant to our investigation, we were not able to run formal statistical
analysis to estimate recall and precision of the search strategy on the results we retrieved (Trippe,
2015). Moreover, as standardisation of nomenclature in the microbiome field is not commonplace as
of yet and patent applicants appear to sometimes use terms that might not be self-evident, we might
have missed relevant terms. Moreover, and as is the case with patent analyses in general, our analysis
provides retrospective insights as patent applications are usually published 18 months post submis-
sion. It is therefore possible that, if our analysis were to be updated in a year or two, we would identify
different trends – a brief and superficial check on Espacenet in February 2021 indicated, however, that
the composition of the body of data and overall patenting activity trend had not changed. Another
important limitation is that we were not able to perform detailed textual analysis of claims on indi-
vidual patents, as Espacenet does not provide claim information for download. By the same token,
this would also be a major task for 6,250 patents, likely only feasible for a small research group if an
AI-assisted algorithm were to be utilised. Nevertheless, our analysis shows important trends, such
as the recent focus on the Chinese market, and therapeutic areas predominantly under investigation
by academia or the private sector; the latter stakeholder’s activities potentially indicating later stage
development and, in turn, stronger urgency for regulatory oversight.

8.7 Summary and conclusion
Healthcare is a highly complex and dynamic sector. Although the healthcare sector features many
typical market dynamics and rules it is, due to shear complexity but also various types of perverse
incentives, prone to product and market failure (Toumi, 2017). As healthcare is generally considered
a public good, a core package of basic and advanced care for those in need is typically provided by
public funding – financed by taxes or other forms of collective contributions (Sharma et al., 2019).
It is therefore of utmost importance that healthcare regulation and resource allocation is purposeful,
maximises the utility of available care options at the right point in time and is (considered) fair.
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As immunisation is an excellent public health tool that can protect entire populations from harm,
it is particularly important that introduction decisions are based on transparent and accountable
evaluation procedures – especially as vaccination is increasingly becoming a highly contentious topic.
Decisions that do not appear to have been reached with the best intensions of affected stakeholders
in mind can result in substantial social resistance and lead to unnecessary suffering and expenditures
for essentially all affected stakeholders (Frenk & Moon, 2013). We demonstrate (chapter 2) that it
is possible to establish a vaccine expert-based consensus on a core set of decision criteria (priorities)
to be taken into consideration by NITAG members in their vaccine introduction decision proce-
dures. Naturally, our cohort was not inclusive of all affected stakeholders; patients (and/or their
advocacy groups), medical societies, pharmacists, GPs, field doctors, organisations such as Medicines
sans Frontiers, and many others, should be involved in determining extensions to core values for vac-
cine evaluation. The priorities we identified are: (i) incidence disease cases prevented per year, (ii)
cost-effectiveness (including cost-benefit and cost-utility analysis), (iii) high mortality disease (case-
fatality-rate), (iv) severity of target disease (risk of morbidity and mortality). We also demonstrate
that including these priorities in SMART Vaccines, a vaccine specific multi-criteria decision analysis
(MCDA) tool, would substantially increase the transparency and accountability for reasonableness
of SMART Vaccines-based decision procedures. This is important as inter alia group dynamics can
heavily bias decisions and committee members cycling on and off decision committees, therefore, the
degree of alignment between their preferences and those of affected stakeholders can vary over time.
If properly adopted and implemented, a vaccine-specific MCDA including core values for vaccine
evaluation would transfer the burden of ensuring disclosure of decision rationales as well as a sub-
stantial proportion of accountability to the decision tool while still ensuring the public anonymity
of decision makers’ choices and providing a great deal of discretion in deliberations (chapter 3).

Utilising new health technologies and innovation to increasingly involve stakeholders in their care
and advancing health research was also explored in this thesis. As personalised care and prevention
are being recognised as the central plank of dealing with increasing healthcare expenditures and ur-
gently needed productivity increases, and the primary care setting is ideal for early detection and
prevention or postponement of many (non-communicable) diseases, we developed a roadmap con-
cept for re-orienting, in a first step, the primary care health system (chapter 4). The frontend of
the concept consists of local, community-based, 24/7 walk-in, semi-autonomous, DIY digital medical
centres (dMCs). dMCs are modular and feature advanced diagnostics, and AI-assisted virtual consul-
tation. In the default configuration, dMCs are linked to centralised data storage and analytics centres
that provide personalised routine care and prevention plans based on analysis of cohort-specific and
population-wide data and newest clinical evidence. On-demand eClinician Centres complement the
concept for users who need additional assistance. A central component of this concept is the focus
on patient literacy and engagement, and shared decision-making which is facilitated through the vir-
tual consultation assistant and eClinicians, see (Timmis & Timmis, 2017) for a humorous account
of how we imagine that a virtual consultation could take place (chapter 4). The scope of the case-
study did not allow for the specific estimation of short-, mid- and long-term expenditures, however,
operational costs could be covered by established risk-adjusted capitated payment models. In partic-
ular political will, professional resistance and misaligned incentives, might be major barriers to the
implementation of such a concept, although shifting routine healthcare services to the community
setting is being increasingly recognised as a way to improve health outcomes and sustainably reduce
tertiary healthcare expenditures (Galea & Kruk, 2019; Christodouleas et al., 2018). Naturally, mobile
and smart diagnostics, devices and applications, to be utilised outside of the clinical setting, are ma-
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jor and important complements that provide health data for analysis and support users with health
preservation or intervention compliance. Importantly, such technologies can facilitate the collection
of real-world data which is increasingly being appreciated as central to establishing the effectiveness
of new health interventions. However, so-called virtual clinical trials (VCTs) are not commonplace
as of yet, in particular in Europe. This is surprising as, although the benefits besides collecting real-
world evidence, such as making patients active stakeholders in, and thereby normalising, the health
research process for them and potentially reducing disconnectedness and anxiety, are established. We
found that challenges pertinent to general awareness, technical validation and usability of smart de-
vices, data processing, regulatory review, and suboptimal collaboration of stakeholders persist and
prevent the broad adoption of VCTs. Our findings also suggests that information asymmetry can
be reduced by reporting and actively disseminating information on VCT trial results. Furthermore,
user-centred development and piloting of devices and user manuals, and provision of further support
for users, and active involvement of central stakeholders (including patients) in trial protocol devel-
opment can facilitate VCTs (chapter 5). The findings of the VCT study also highlight some potential
challenges but also facilitators for the adoption of the dMC concept.

Some challenges identified in the VCT study, in particular those relating to user-centred product de-
sign and stakeholder information/data needs, could also be largely addressed by the proper collection
and analysis of market intelligence. Without proper incorporation of de facto stakeholder require-
ments, new health technologies can be clinically or economically unsuccessful or fail entirely. As even
basic market research is not commonly performed by academic entrepreneurs and SMEs – the drivers
of healthcare innovation – and lack in expertise and resources is a prominent barrier, we elicited from
experts which market research considerations they consider particularly important and created a mar-
ket research toolbox for the biopharmaceutics sector. A common theme across all considerations is
information asymmetry of innovators towards important stakeholders. The most important themes
were (i) healthcare market factors, such as health system priorities and potential competitors, (ii)
user needs and preferences, such as (non-)existing intervention alternatives, tolerability and usabil-
ity, and (iii) evidence requirements for regulators, medical review boards and healthcare professionals
(chapter 6). Eliciting from the appropriate stakeholders these data – the market research checklist
we developed per stakeholder can support this activity – can considerably increase the likelihood of
an innovation to deliver better, more cost-effective care while providing innovators with financial
rewards. However, and in particular in emerging technology fields, R&D activities can outpace regu-
latory oversight. Currently, there exists paucity of regulatory protocol harmonisation or even entire
absence regarding the review of marketing authorisation submissions for live biotherapeutic prod-
ucts (LBPs) – including health claims – in two of the most important healthcare markets, namely
in Europe and the USA. In addition to a host of other issues related to e.g., scientific agreement on
nomenclature, and diagnostic and laboratory standards, the main issue is that, as the field is highly
complex, even basic scientific knowledge about mechanisms of action and microorganism interac-
tions but also consensus on trial protocols outlining how to establish clinical safety and efficacy are
lacking. Although regulators are charged with protecting populations from unnecessary harm, sus-
tained absence of regulatory protocols or haphazard regulatory requirements across jurisdictions can
result in innovation frustration and, in turn, lead to missed opportunities for preventing or treating
diseases and increasing health system productivity. To reverse the rationale of the previous study,
we collected information from innovators, namely recent patenting activity, to cross-inform regula-
tors of potentially upcoming LBP-technologies that might require regulatory oversight in the near-to
mid-term future. We found that overall patenting activity for LBPs is in decline, and, while the high-
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est percentage of applicants was located in the USA, patent applications were heavily concentrated
on the Chinese market. Despite the decline, we identified some prominent relative increases for less
expected targets, namely for cancer and disorders of the neuromuscular system, and smaller relative
increases for technologies targeting the metabolism, skeletal system and skin (dermatology), as well
as anti-infectives. Per target therapeutic activity group, food preparations were patented once for
every three medicinal preparations. The private sector submitted 66% of patents and academia 28%,
respectively (chapter 8). The overall decline in patenting activity coupled with the concentration
on the Chinese market, which has a more favourable regulatory environment for LBPs, suggests that
innovators of live biotherapeutic products might consider the likelihood of the EMA and FDA cre-
ating an innovation facilitating regulatory environment in the near- to mid-term future to be low.
If the aim of policy makers in the US and Europe is to increase the likelihood of successful inno-
vation regarding LBPs in the near future, they might consider focussing more funding on basic and
applied research to close knowledge gaps and adequately regulate technologies that will likely require
oversight in the near- to mid-term future. Failure to address this challenge runs the risk of further
delaying the personalisation of care, and preventing and treating severe diseases, such as cancer, and
improving productivity of health systems.

In conclusion, involving affected stakeholders in innovation processes and exploiting various means
to decrease information asymmetry among them can considerably increase resource utilisation ef-
ficiency, focus resources on areas that require further research and thereby close knowledge gaps,
and reduce frustration and friction caused by exclusive health decision making criteria. Adoption
of better practices is often not a question of technical feasibility but of political will and vision. As
education, health and wealth are so closely related, health and innovation policies should be aligned
to maximise the benefits of stakeholder sourced and co-created added value for society. Involving and
empowering all affected stakeholders to take part in various innovation-related processes and in par-
ticular providing patients with the technological means and literacy to better maintain and improve
their own health and autonomy, are of paramount importance for the future.
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Summary

Summary

Healthcare is a highly complex and dynamic sector. Although the healthcare sector features many
typical market dynamics and rules it is, due to shear complexity but also various types of perverse
incentives, prone to product and market failure (Toumi, 2017). As healthcare is generally considered
a public good, a core package of basic and advanced care for those in need is typically provided by
public funding – financed by taxes or other forms of collective contributions (Sharma et al., 2019).
It is therefore of utmost importance that healthcare regulation and resource allocation is purposeful,
maximises the utility of available care options at the right point in time and is (considered) fair.

As immunisation is an excellent public health tool that can protect entire populations from harm,
it is particularly important that introduction decisions are based on transparent and accountable
evaluation procedures – especially as vaccination is increasingly becoming a highly contentious topic.
Decisions that do not appear to have been reached with the best intensions of affected stakeholders
in mind can result in substantial social resistance and lead to unnecessary suffering and expenditures
for essentially all affected stakeholders (Frenk & Moon, 2013). We demonstrate (chapter 2) that it
is possible to establish a vaccine expert-based consensus on a core set of decision criteria (priorities)
to be taken into consideration by NITAG members in their vaccine introduction decision proce-
dures. Naturally, our cohort was not inclusive of all affected stakeholders; patients (and/or their
advocacy groups), medical societies, pharmacists, GPs, field doctors, organisations such as Medicines
sans Frontiers, and many others, should be involved in determining extensions to core values for vac-
cine evaluation. The priorities we identified are: (i) incidence disease cases prevented per year, (ii)
cost-effectiveness (including cost-benefit and cost-utility analysis), (iii) high mortality disease (case-
fatality-rate), (iv) severity of target disease (risk of morbidity and mortality). We also demonstrate
that including these priorities in SMART Vaccines, a vaccine specific multi-criteria decision analysis
(MCDA) tool, would substantially increase the transparency and accountability for reasonableness
of SMART Vaccines-based decision procedures. This is important as inter alia group dynamics can
heavily bias decisions and committee members cycling on and off decision committees, therefore, the
degree of alignment between their preferences and those of affected stakeholders can vary over time.
If properly adopted and implemented, a vaccine-specific MCDA including core values for vaccine
evaluation would transfer the burden of ensuring disclosure of decision rationales as well as a sub-
stantial proportion of accountability to the decision tool while still ensuring the public anonymity
of decision makers’ choices and providing a great deal of discretion in deliberations (chapter 3).

Utilising new health technologies and innovation to increasingly involve stakeholders in their care
and advancing health research was also explored in this thesis. As personalised care and prevention
are being recognised as the central plank of dealing with increasing healthcare expenditures and ur-
gently needed productivity increases, and the primary care setting is ideal for early detection and
prevention or postponement of many (non-communicable) diseases, we developed a roadmap con-
cept for re-orienting, in a first step, the primary care health system (chapter 4). The frontend of
the concept consists of local, community-based, 24/7 walk-in, semi-autonomous, DIY digital medical
centres (dMCs). dMCs are modular and feature advanced diagnostics, and AI-assisted virtual consul-
tation. In the default configuration, dMCs are linked to centralised data storage and analytics centres
that provide personalised routine care and prevention plans based on analysis of cohort-specific and
population-wide data and newest clinical evidence. On-demand eClinician Centres complement the
concept for users who need additional assistance. A central component of this concept is the focus
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on patient literacy and engagement, and shared decision-making which is facilitated through the vir-
tual consultation assistant and eClinicians, see (Timmis & Timmis, 2017) for a humorous account of
how we imagine that a virtual consultation could take place (chapter 4). The scope of the case-study
did not allow for the specific estimation of short-, mid- and long-term expenditures, however, oper-
ational costs could be covered by established risk-adjusted capitated payment models. In particular
political will, professional resistance and misaligned incentives, might be major barriers to the imple-
mentation of such a concept, although shifting routine healthcare services to the community setting
is being increasingly recognised as a way to improve health outcomes and sustainably reduce tertiary
healthcare expenditures (Shi, 2012). Naturally, mobile and smart diagnostics, devices and applica-
tions, to be utilised outside of the clinical setting, are major and important complements that pro-
vide health data for analysis and support users with health preservation or intervention compliance.
Importantly, such technologies can facilitate the collection of real-world data which is increasingly
being appreciated as central to establishing the effectiveness of new health interventions. However,
so-called virtual clinical trials (VCTs) are not commonplace as of yet, in particular in Europe. This
is surprising as, although the benefits besides collecting real-world evidence, such as making patients
active stakeholders in, and thereby normalising, the health research process for them and potentially
reducing disconnectedness and anxiety, are established. We found that challenges pertinent to gen-
eral awareness, technical validation and usability of smart devices, data processing, regulatory review,
and suboptimal collaboration of stakeholders persist and prevent the broad adoption of VCTs. Our
findings also suggests that information asymmetry can be reduced by reporting and actively dissem-
inating information on VCT trial results. Furthermore, user-centred development and piloting of
devices and user manuals, and provision of further support for users, and active involvement of cen-
tral stakeholders (including patients) in trial protocol development can facilitate VCTs (chapter 5).
The findings of the VCT study also highlight some potential challenges but also facilitators for the
adoption of the dMC concept.

Some challenges identified in the VCT study, in particular those relating to user-centred product
design and stakeholder information/data needs, could also be largely addressed by the proper col-
lection and analysis of market intelligence. Without proper incorporation of de facto stakeholder
requirements, new health technologies can be clinically or economically unsuccessful or fail entirely.
As even basic market research is not commonly performed by academic entrepreneurs and SMEs –
the drivers of healthcare innovation – and lack in expertise and resources is a prominent barrier,
we elicited from experts which market research considerations they consider particularly important
and created a market research toolbox for the biopharmaceutics sector. A common theme across all
considerations is information asymmetry of innovators towards important stakeholders. The most
important themes were (i) healthcare market factors, such as health system priorities and potential
competitors, (ii) user needs and preferences, such as (non-)existing intervention alternatives, tolera-
bility and usability, and (iii) evidence requirements for regulators, medical review boards and health-
care professionals (chapter 6). Eliciting from the appropriate stakeholders these data – the market
research checklist we developed per stakeholder can support this activity – can considerably increase
the likelihood of an innovation to deliver better, more cost-effective care while providing innovators
with financial rewards. However, and in particular in emerging technology fields, R&D activities can
outpace regulatory oversight. Currently, there exists paucity of regulatory protocol harmonisation or
even entire absence regarding the review of marketing authorisation submissions for live biothera-
peutic products (LBPs) – including health claims – in two of the most important healthcare markets,
namely in Europe and the USA. In addition to a host of other issues related to e.g., scientific agree-
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ment on nomenclature, and diagnostic and laboratory standards, the main issue is that, as the field
is highly complex, even basic scientific knowledge about mechanisms of action and microorganism
interactions but also consensus on trial protocols outlining how to establish clinical safety and ef-
ficacy are lacking. Although regulators are charged with protecting populations from unnecessary
harm, sustained absence of regulatory protocols or haphazard regulatory requirements across juris-
dictions can result in innovation frustration and, in turn, lead to missed opportunities for preventing
or treating diseases and increasing health system productivity. To reverse the rationale of the previous
study, we collected information from innovators, namely recent patenting activity, to cross-inform
regulators of potentially upcoming LBP-technologies that might require regulatory oversight in the
near-to mid-term future. We found that overall patenting activity for LBPs is in decline, and, while
the highest percentage of applicants was located in the USA, patent applications were heavily concen-
trated on the Chinese market. Despite the decline, we identified some prominent relative increases
for less expected targets, namely for cancer and disorders of the neuromuscular system, and smaller
relative increases for technologies targeting the metabolism, skeletal system and skin (dermatology),
as well as anti-infectives. Per target therapeutic activity group, food preparations were patented once
for every three medicinal preparations. The private sector submitted 66% of patents and academia
28%, respectively (chapter 7). The overall decline in patenting activity coupled with the concentra-
tion on the Chinese market, which has a more favourable regulatory environment for LBPs, suggests
that innovators of live biotherapeutic products might consider the likelihood of the EMA and FDA
creating an innovation facilitating regulatory environment in the near- to mid-term future to be low.
If the aim of policy makers in the US and Europe is to increase the likelihood of successful inno-
vation regarding LBPs in the near future, they might consider focussing more funding on basic and
applied research to close knowledge gaps and adequately regulate technologies that will likely require
oversight in the near- to mid-term future. Failure to address this challenge runs the risk of further
delaying the personalisation of care, and preventing and treating severe diseases, such as cancer, and
improving productivity of health systems.

In conclusion, involving affected stakeholders in innovation processes and exploiting various means
to decrease information asymmetry among them can considerably increase resource utilisation ef-
ficiency, focus resources on areas that require further research and thereby close knowledge gaps,
and reduce frustration and friction caused by exclusive health decision making criteria. Adoption
of better practices is often not a question of technical feasibility but of political will and vision. As
education, health and wealth are so closely related, health and innovation policies should be aligned
to maximise the benefits of stakeholder sourced and co-created added value for society. Involving and
empowering all affected stakeholders to take part in various innovation-related processes and in par-
ticular providing patients with the technological means and literacy to better maintain and improve
their own health and autonomy, are of paramount importance for the future.
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