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Aims Cardiovascular disease is the most common cause of mortality and morbidity in the world, but the pharmaceutical in-
dustry’s willingness to invest in this field has declined because of the many challenges involved with bringing new car-
diovascular drugs to market, including late-stage failures, escalating regulatory requirements, bureaucracy of the clinical
trial business enterprise, and limited patient access after approval. This contrasts with the remaining burden of cardio-
vascular disease in Europe and in the world. Thus, clinical cardiovascular research needs to adapt to address the impact
of these challenges in order to ensure development of new cardiovascular medicines.

Methods
and results

The present paper is the outcome of a two-day workshop held by the Cardiovascular Round Table of the European
Society of Cardiology. We propose strategies to improve development of effective new cardiovascular therapies. These
can include (i) the use of biomarkers to describe patients who will benefit from new therapies more precisely, achieving
better human target validation; (ii) targeted, mechanism-based approaches to drug development for defined popula-
tions; (iii) the use of information technology to simplify data collection and follow-up in clinical trials; (iv) streamlining
adverse event collection and reducing monitoring; (v) extended patent protection or limited rapid approval of new
agents to motivate investment in early phase development; and (vi) collecting data needed for health technology assess-
ment continuously throughout the drug development process (before and after approval) to minimize delays in patient
access. Collaboration across industry, academia, regulators, and payers will be necessary to enact change and to unlock
the existing potential for cardiovascular clinical drug development.

Conclusions A coordinated effort involving academia, regulators, industry, and payors will help to foster better and more effective
conduct of clinical cardiovascular trials, supporting earlier availability of innovative therapies and better management of
cardiovascular diseases.
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Introduction
The systematic validation of new therapeutic concepts in controlled
clinical trials has markedly improved the management of chronic
cardiovascular diseases in the last four decades, as evidenced by
prolonged survival of many patients with these conditions, and a
longer average life span on a population level.1 Despite this success,
achieved by close collaboration between academia and industry,2

cardiovascular diseases remain the most common cause of mortality
and morbidity in the world.3 – 5

Given the large burden of cardiovascular diseases, it is in the public
interest to encourage adequate levels of research and translation
of research findings into new therapeutic or diagnostic strategies.6

Recently, though, investment in this field has been negatively im-
pacted by impediments to bringing new cardiovascular drugs to
market, including late-stage failures, escalating regulatory require-
ments such as pediatric investigation plans, risk management plans,
reluctance to consider certain trial endpoints as clinically meaningful,
and bureaucracy created by the clinical trial business enterprise (e.g.
complex interactions and operational procedures among stake-
holders). While all of these governance structures have good reasons
and well-intended motivations, the complexities and time require-
ments, especially when combined with health care systems that are
justifiably concerned about cost effectiveness, have led to restricted
or delayed patient access after approval of new medications.7,8

Are current structures designed to fail?
High-quality randomized, controlled clinical trials that produce
scientifically robust evidence of efficacy and safety continue as a
necessary standard path to drug approval. Data from these currently
inform both clinical practice and health technology assessment. The
randomized controlled trial has effectively transformed the practice
of medicine, but the clinical trial enterprise has in many respects
become a bloated and inefficient system that is hindering effective
cardiovascular drug development7 and failing to serve the best
interests of patients with cardiovascular diseases.

The Cardiovascular Round Table (CRT) of the European Society
of Cardiology (ESC) has long been concerned about the apparent
declining interest in committing resources to develop innovative
treatments for cardiovascular diseases. This paper is the outcome
of a dedicated two-day workshop to explore new ways for clinical
research, with the ultimate goal of reinvigorating investment in
cardiovascular medicine and to decrease the timeline for patient ac-
cess to new drugs after approval. Such investment is much needed
to reduce the remaining burden of chronic cardiovascular diseases.

Impediments to investment
in cardiovascular research

Cost of cardiovascular drug development
Cardiovascular drug development is generally more costly than in
other therapeutic areas (Box 1). First, long-term treatment is

required for many cardiovascular therapies to effectively modulate
these chronic diseases. Secondly, many of these cardiovascular de-
velopment programs involve event-driven studies where the annual
incidence of events is small, but the population at risk is large, e.g.
stroke prevention in atrial fibrillation where the majority of subjects
will not suffer an event whether exposed to the new therapy or not.
However, although difficult to do, event-driven studies generally
produce clear results that lead to reliable estimates of efficacy and
safety. Third, contemporary cardiovascular trials are conducted in
patients receiving multiple evidence-based background treatments.
Thus, cardiovascular mortality and other major clinical outcomes
have steadily declined in study populations, such that demonstrating
incremental risk reduction in ever larger study populations requires
very large sample sizes.8 – 11 Fourth, past drug development suc-
cesses have spurred the build-up of an infrastructure designed to
conduct ‘large and complex’ cardiovascular outcome trials. The
practical conduct of trials has been hampered by added require-
ments such as event adjudication (when applied broadly rather
than limited to relevant clinical situations, e.g. haemorrhagic vs. is-
chaemic stroke, or subtypes of myocardial infarction) and data pro-
tection, restrictions on the use of samples or data for exploratory
analyses (e.g. when analyses for markers were not pre-specified
or new, initially unplanned genetic analyses of previously collected
samples), and by complex and at times contradicting national and re-
gional regulations for clinical research. Finally, cardiovascular trials
have historically been performed in large, unselected patient groups
(e.g. ‘heart failure’, ‘atrial fibrillation’, or ‘coronary artery disease’), in
whom a diverse range of disease mechanisms may be active, not all
of which are likely to be influenced by the agent being studied.

The ability to identify those who are likely to benefit from a new
therapy is key to overcome these challenges, to the benefit of pa-
tients and drug developers. Although useful treatments have mod-
erate benefits (i.e. proportional risk reductions in the order of
15–25%), they will help to avoid thousands of events each year in
common cardiovascular conditions, like myocardial infarction, heart
failure, atrial fibrillation, or hypertension. This approach, however,

Box 1 Reasons for the higher cost of drug development
for cardiovascular as compared with other diseases

† Many cardiovascular therapies require long-term treatment to
effectively modulate these chronic diseases.

† Many of these cardiovascular development programs involve
event-driven studies where the annual incidence of events is small
but the population at risk is large.

† Demonstrating incremental risk reduction often requires very
large sample sizes.

† Cardiovascular disease encompasses a diverse range of
mechanisms, not all of which are influenced by the agent studied
making it difficult to identify patients likely to benefit.

† Complex infrastructure to conduct clinical trials.
† Regulatory burdens.
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requires treatment of many patients who will not benefit including
those who will not develop an event without treatment. Academia
and drug developers have only recently begun to recognize the need
for a better, refined classification of major cardiovascular disease
syndromes.12,13 Can we, by identifying more specific patient charac-
teristics (i.e. those who are at higher risk of the cardiovascular out-
comes we are trying to prevent or hazards that we are trying to
avoid), develop and deliver better target therapy? This calls for
the development of ‘precision medicine’ for cardiovascular diseases
(i.e. more precise targeting of treatments to specific disease and
patient characteristics, also commonly referred to as personalized
or stratified medicine).14

The mission of the ESC is to reduce the burden of cardiovascular
diseases in Europe and beyond. Thereby, the ESC supports a wider
goal of governments and other stake holders in health care, and
ultimately of the citizens of Europe. The discovery and use of new
therapies that improve patient health is therefore a key component
within the ESC remit. This mission is aligned with the larger societal
need to improve health of populations. The ESC recognizes that the
majority of major drug and interventional developments cannot be
brought to the patient without efforts of the pharmaceutical and
medical device industry, as well as the support of governments
and acceptance by health care providers. A change from the current
approach to drug development is needed to ensure that safe and
effective new therapies are made available to patients in a timely
fashion, supported by robust scientific data demonstrating safety
and efficacy on health outcomes that are important to patients,
health care providers, and other stakeholders. We need to generate
these data efficiently and at lower cost so that cardiovascular disease
research can regain its attractiveness.

Potential for return on investment
The cost of successfully bringing a single drug to market has been
estimated at 1.2 billion euros (E) [1.5 billion dollars ($) in the
USA].15 The true cost, which also includes failures, has been esti-
mated between $4–5 billion with some companies spending as
much as $12 billion because of several drugs that failed in late-stage
clinical trials.16 While research and development (R&D) spending
in both Europe and the USA has continued to rise over the past
20 years, the number of new drugs approved per billion dollars
spent has shown a slow decline.17

Within the current ‘working model’ of major clinical outcome
trials conducted in large populations, the timelines for market ap-
proval and patient access for new therapies are slow, often because
of processes that do not add to the robustness or relevance of the
data generated by the trial (e.g. extensive time required to obtain
necessary start-up approvals, slow trial recruitment, and prolonged
regulatory review or health technology assessment of results). Such
delays often result in a short window for industry to recoup devel-
opment and post-approval costs before patent expiration.18 The im-
pact of exclusivity loss should not be underestimated; it is
increasingly considered a high-risk investment to fund outcome
trials in cardiovascular medicine.

Late-stage drug failures
A reluctance to assume the risk of high cost failure is one factor con-
tributing to the pharmaceutical industry’s declining investment in

cardiovascular drug development. Several examples can be given
of compounds with promising pre-clinical, phase I, and phase II
data that yielded disappointing results in phase III trials.19– 23 Study-
ing a broad population of patients during product development and
aiming for a ‘broad indication’ has been successful for manufacturers
in the past, and contributed to reduced population-wide cardiovas-
cular mortality. However, targeting those patients most likely to
benefit from modification of receptor targets might be a more dir-
ect, efficient approach to generate robust scientific evidence and de-
crease the cost of failure in terms of resources and time. Currently,
partly because of this ‘mindset’ within cardiovascular drug develop-
ment aimed at large populations, development of promising com-
pounds is often stopped at early stages rather than allocating
resources to understand which (sub)populations may benefit.
In the ‘failed’ dalcetrapib trial, a post-hoc genomic analysis identified
genetic variants that were associated with effective therapy. If that
drug had undergone the approach proposed here, it may now be
available to such patients.24

Regulatory and health economic hurdles
Regulatory requirements often differ between countries, and regu-
latory agencies interpret identical data sets differently, which pre-
sents obvious challenges to global drug development programs.
This complex process where the agreements with different regu-
latory agencies led to different registration trials in different re-
gions may be especially difficult for new drugs that aim to
improve existing therapeutic approaches. Greater use of joint sci-
entific advice with key regulatory agencies [e.g. European Medi-
cines Agency (EMA) and the US Food and Drug Administration
(FDA)] is an important development to minimize the impact of
this challenge.

Furthermore, the evaluation of newly approved cardiovascular
therapies by national and regional health care systems, increasingly
incorporating health technology assessment based on local data, can
add significant uncertainty with respect to use and patient access for
new cardiovascular medications. New agents are often highly scru-
tinized because the potential cost implications are substantial for
these therapies intended for use as chronic therapies in common
cardiovascular diseases.

Conclusive data to support economic evaluations are often not
available from trials conducted within the clinical development
program (e.g. quality-of-life benefits or utilization data represent-
ing real-world use); thus, additional studies are often required.
It seems desirable to collect key economic measures in clinical
trials to allow timely initiation of health economic evaluation of
new therapies. In fact, health technology assessment analyses
are best based on systematically collected ‘real world’ post-
approval data sets. A limited access to market for a certain time
combined with mandatory collection of health technology
assessment-relevant data would enable collection of such data.
Finally, the speed and willingness of professional societies—
including ESC—to adopt new treatments into management
guidelines has recently been publicly criticized as a potential
unintentional contributor to further delays in the adoption of
new, beneficial therapies.
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Innovative approaches to
cardiovascular drug development

Drug development and precision
medicine
Incomplete understanding of disease mechanisms in defined patient
groups is a major barrier to identifying novel, potentially effective
therapies. New advances in scientific methods (e.g. genomics, pro-
teomics, imaging, all of which have led to the existence of Big Data)
may now allow more refined understanding of the underlying biol-
ogy and identification of those patients likely to benefit from a novel
treatment. New pre-clinical disease models may be needed to char-
acterize disease mechanisms and to guide the identification of pa-
tients in whom such disease mechanisms are active. Furthermore,
the integration of genetic predisposition, ambient stressors, and
the complex interactions among multiple pathways common in hu-
man cardiovascular disease may be required to empower clinically
relevant mechanism-driven cardiovascular research. Improved hu-
man target validation is needed to strengthen cardiovascular drug
development. This could be accomplished by greater and earlier
use of large genetic biobanks linked to phenotypes of interest using
approaches such as Mendelian randomization to assess likely caus-
ality.25 – 29 In addition, early investment in translational medicine
studies potentially probing for responses in different phenotypes
of the disease, possibly using suitable disease models to understand
disease mechanisms, is worth considering. We advocate support for
research to develop better disease classifications, disease phenotypes,
and biomarkers in cardiovascular diseases.

Early testing in sub-populations that are likely to benefit, e.g.
via testing and approving novel therapies in conjunction with a
biomarker for the disease target, has been used in other disease
entities with some success, although surrogate markers have
been unreliable in many cardiovascular disease applications.30,31

A similar approach of studying and approving a new therapy in a
limited group of patients who are most likely to benefit from a
new therapy (e.g. familial hypercholesterolaemia for new
lipid-lowering medications) may overcome some of the challenges
described earlier.

Although the concept of testing novel therapies in narrower sub-
populations (defined by genetic, soluble, or other biomarkers, or by
clinical disease phenotype) has been generally accepted in principle,
there are several barriers preventing its full implementation. Specif-
ically, current clinical disease segmentation is not always supported
by robust evidence allowing for better target validation (e.g. heart
failure segmentation beyond reduced ejection fraction and pre-
served ejection fraction, or atrial fibrillation beyond paroxysmal
and chronic). Further, regulatory agencies are hesitant to accept
plans for testing novel cardiovascular therapies in smaller groups
(e.g. biomarker positive), sometimes requesting that lack of benefit
be demonstrated in other phenotypes to avoid future inappropriate
drug use (e.g. biomarker negative).

However, if successful, this more targeted drug development ap-
proach might allow smaller trials to be conducted more efficiently
and quickly, and reduce the number of high-cost, late failures.
Such an approach might prolong recruitment time and require ex-
pensive testing for patient selection, factors which might partially

offset the efficiencies. Such development needs to be underpinned
by new classifications providing phenotypic markers to identify rele-
vant patient groups. Developing suitable tests, ranging from a simple
electrocardiogram to blood-based markers derived from ‘-omics’
analyses, should be of high priority. Such research is clearly in the
interest of the general public. Approval would be initially restricted
to a subpopulation, and safety evaluations will still be ongoing at the
time of the initial (limited) approval. Initial experience with the new
compound in clinical practice, further insights into disease mechan-
isms, and additional studies including investigator-initiated trials
could support later evaluation and use of such therapeutics in
broader populations (Figure 1). PCSK9 inhibitors may provide an
example, as these have initially been evaluated in patients with
familial hypercholesterolaemia,32– 36 while later and ongoing studies
will test their value in larger populations in need for intensified
cholesterol lowering.37,38 A potential downside of this approach is
the possible delay in expanding research and treatment to the
broader population, particularly if disincentives exist, e.g. by patent
expiration/loss of exclusivity. We advocate a broader use of public–
private early development partnerships, which may be initially driven by
an academic research group or consortium, but will require industry
partnership to develop new markers for targeted drug development.

Furthermore, we advocate political solutions that motivate the industry
to invest in early phase development, e.g. extended patent protection or
earlier, limited approval of new agents.

Several assumptions are made in the planning phase of a clinical
trial. In some cases, robust estimates of these variables can be
made from recent literature or other clinical trial experiences. How-
ever, these measures can also be influenced by factors that are
difficult to predict, such as wide variation of background therapy
(particularly across geographic regions) or major shifts in clinical
practice that may occur during a long-term clinical trial. If pre-trial
decisions and planning assumptions are incorrect, a pivotal trial
could fail for a variety of reasons unrelated to the effectiveness of
the investigational drug. Such late-stage failures can halt further
study of an otherwise useful compound. Many high-quality data
sets have been collected and could support better planning of
new cardiovascular trials if made generally available. Prospective
implementation of procedures to address potential concerns or
problems (e.g. including a period of exclusivity for analysis by trial
investigators, development of data manuals to describe the database
structure, data definitions, and methods of data collection) would be
necessary to ensure the success of this approach. We advocate the
coordinated and open sharing of existing patient-level trial data sets
among the research community to support precise planning of new clinical
trials.

Adaptive designs are one approach that can be used to reduce the
uncertainty in clinical trials and to improve the chances of success in
phase III. An adaptive design is defined as one where the statistical
methodology allows a design element to be modified (e.g. sample
size, randomization ratio, number of treatment arms) at an interim
analysis with full control of the type I error.39 Technically, any part
of a clinical trial can be modified, but sample size adjustment
based on blinded review of observed (versus anticipated) interim
data is the most common adaptive design accepted by regulatory
agencies, provided blinding is preserved and type 1 error is
properly controlled.
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Seamless phase IIb/III designs are another approach currently
being explored, but regulatory authorities have not issued a final
position on their acceptability. This design combines trials of differ-
ent phases into one study. Dropping the least and advancing the
most effective treatment/dose into phase III, subgroup selection,
or sample size re-estimations are areas that may be adapted based
on interim data in seamless trials. Pre-specified criteria for the

transition between phase IIb and III will build additional efficiency.
This novel approach is currently being tested in a global study of pa-
tients with ACS treated with a novel anti-inflammatory intervention
(ClinicalTrials.gov Identifier: NCT02145468).

Adaptive enrichment designs allow enrolment to target subpopu-
lations most likely to respond to therapy (based on interim data),
which may improve the power in a study.40 This concept involves

Figure 1 Comparison of current clinical drug development and proposed clinical drug development in target populations. Note, safety is
assessed continuously. Safety is assessed continuously and integrates patients exposed to the novel therapy before and after first approval.
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more than targeting patients with high event rates; it also involves
selecting patients with characteristics that predict therapeutic
response.

Adaptive designs require specific statistical methods to control
type I error and preserve the integrity of the study.41 Although these
designs may be more efficient, there is some uncertainty around
whether adaptive designs really can achieve their intended advan-
tage over traditional designs.42 –45 Communication with regulators
is key before an adaptive design is implemented to ensure study
results will be accepted, to ensure sufficient evidence will be gener-
ated to allow a thorough assessment of treatment effect, and to
effectively convey complex design aspects (e.g. simulation reports).
When used appropriately, these modern statistical techniques can
manage risk in a clinical trial.46– 49 We advocate scientific and regulatory
evaluation of adaptive and ‘seamless phase II/III’ designs, an initiative that
has already been adopted by several pharmaceutical companies.

Simple, practical approaches to
conducting large randomized trials

The critical components of large, simple trials have been well de-
scribed in a recent publication of the ESC CRT.8 Activities such as
site-monitoring visits, source document verification, clinical end-
point adjudication, non-serious adverse event (AE) reporting, and
extensive regular reporting have been implemented over time
with the intent of reducing ‘noise’ and/or ensuring proper trial
conduct, but these tasks are time consuming, costly, and do not
necessarily improve the reliability of the study results or the safety
of the participants. Simple techniques can effectively accomplish
enrolment, treatment, and data collection goals with fewer re-
sources. A Study of Cardiovascular Events in Diabetes (ASCEND),
funded by the British Heart Foundation (www.clinicaltrials.gov,
NCT00135226) used routine clinical data to identify potentially
eligible patients and implemented a mail-based approach to invite,
consent, enrol, randomize, and follow-up 15 000 patients at a frac-
tion of the costs of traditional methods. This design achieved a
broad representation of patients and accurately documented the
screening denominator (number of patients invited to participate),
which is often not possible when screening is performed at the
individual site level.50

Indisputably, adequate data are needed for robust assessments of
safety and efficacy; however, the temptation should be resisted to
collect exhaustive data that are often never analysed or not inform-
ative. Intelligent information technology using real-time data can be
used to promote protocol adherence, identify statistical outliers,51

and perform targeted monitoring (i.e. risk-based monitoring52).
Large cardiovascular trials should utilize to a greater extent step-
down data collection strategies [e.g. collection of serious adverse
events (SAE) and AE in the pre-registration phase in a subset of
the study population, followed by collection of SAE and only se-
lected AEs of interest]. In post-registration studies without post-
market commitments to collect additional information, collection
of SAEs only would greatly reduce trial complexity. Further, the
rapid timelines required for reporting SAEs should be revisited,
since informed decisions cannot be made on the basis of individual
SAEs. Quarterly reports of all accumulated safety data would be
more informative, with expedited reporting of the threatening

events. Alternatively, reporting could be limited to genuinely severe
events or unexpected only. Adjudication is another major cost dri-
ver in clinical trials, and its value has been debated.53,54 It may be
more efficient to redirect resources from adjudication towards en-
roling more patients, or only adjudicate a subset of the data where
differentiating disease subtypes may be particularly important (e.g.
cardiovascular vs. non-cardiovascular death, or haemorrhagic vs. is-
chaemic stroke in a trial of anticoagulants for atrial fibrillation).

Another approach worth consideration is the concept of
time-to-first event vs. recurrent event analysis. For the majority of
registration cardiovascular trials, time-to-first event has been an ac-
cepted method of data analysis. However, new therapies will less
likely affect cardiovascular mortality (unless the trial size is enor-
mous), and this approach does not fully capture the ‘patient jour-
ney.’55 Recurrent event analysis is particularly suitable for diseases
where reductions in repeat hospitalizations are of interest (e.g.
heart failure with preserved ejection fraction or acute decompen-
sated heart failure).56 Regulatory and statistical guidance in this
respect will be helpful to industry and academia.

The viability of these proposed approaches to streamlining
cardiovascular clinical trials ultimately depends on their acceptance
by regulatory authorities. Some regulatory agencies are internally
evaluating their processes and considering new approaches
to drug approval.57 For example, the EMA is considering adap-
tive licensing. Using this approach, fewer patients are studied
pre-approval, prescribing restrictions are placed post-approval
such that most treated patients are enrolled in observational studies
or randomized controlled trials, then active surveillance decreases
over time after full approval.58 This approach is now formally sup-
ported by a pilot project,59 which will initially involve drugs for small
patient populations. Current experience with this approach is lim-
ited, and the EMA recognizes the many challenges. The FDA’s ap-
proach to early drug approval before effects on clinical outcomes
are demonstrated remains less clear, as exemplified by recent deci-
sions,60 although several approval pathways exist, such as break-
through designation, fast-track, and accelerated approval for drugs
targeting unmet medical needs. FDA also has processes where initial
approvals can be based on surrogates with a subsequent outcome
study required to verify clinical benefit. Both agencies agree that
‘there is no surrogate for safety,’61 and therefore large-scale enrol-
ment and long-term follow-up are often required. Regulators en-
courage industry sponsors and investigators to engage in early
dialogue with agencies to determine the optimal investigative path
for a new product. Compliance with advice received from EMA’s
Scientific Advice Working Party is associated with regulatory
approval.62

Electronic health records are now more widely used, creating a
potential streamlined, efficient, and less costly data source for la-
boratory variables or health service utilization outcomes (e.g. hos-
pitalizations) as well as for ‘hard outcomes’ in a clinical trial. Large
differences between systems will require careful validation of which
clinical endpoints are suitable for collection via this approach.63 For
pivotal studies that are intended to support a regulatory submission,
assurance that the data collection methods are robust must be pro-
vided. Data protection and privacy are the major obstacles to using
this type of information. Policies, procedures, and the scientific com-
munity’s approach to data protection will need to evolve to match
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the current environment such that patients are protected but data
can still be accessible. The European Union has a pivotal role in
evaluating the societal benefits of this information, i.e. comparing
the potential benefits of long-term follow-up of trial participants
to the potential risks in an increasingly digital, transparent world.
We advocate the evaluation and implementation of simple follow-up
strategies for outcome trials with a proportionate and coordinated
European trials framework, support for transparent and monitored access
to digital health care data sets for research, and the formation of alliances
between industry partners and academic research organizations to facili-
tate the conduct of meaningful, lean outcome trials.

Generating data to support health
technology assessment
Regulatory approval is not the last step in the process of making ef-
fective drugs available to patients. Often termed the ‘fourth hurdle’,
health technology assessments are a key component of the decision
process used by payers to determine if a therapy will be reimbursed
or, in some cases, even offered to patients. Both economic and qual-
ity of life data (to calculate quality adjusted life years) are needed to
support the health technology assessment. Collecting data on ‘pro-
cedures saved’ might also be considered to characterize the effect of
a therapy beyond direct monetary value.

Economic evaluations should be performed using simple, prac-
tical, unobtrusive, large randomized clinical trials, ideally using data
collection systems that are already in place.64,65 This simplified ap-
proach increases the practicality of the data gathered, since they bet-
ter reflect the population which will use the therapy as opposed to a
complex trial with restrictive eligibility criteria. Electronic medical
records may be potential sources of data because they are linked
to health service utilization (i.e. hospitalizations, length of stay, num-
ber and type of clinician visits), which are the true drivers of cost.
However, potential bias may be introduced (e.g. confounding by
indication, channelling phenomenon where new drugs are

preferentially used in more seriously ill patients) by using electronic
medical records, which may make them impractical for use with
some drugs. These biases should be recognized and efforts made
to minimize their influence to the extent possible. Further discus-
sion on the practical implementation of using electronic medical re-
cords for this purpose is needed. In addition to service utilization
parameters, systematically capturing quality-of-life information and
other patient reported outcomes using standard metrics is key. Fur-
ther, incorporating these assessments into pivotal simple trials pre-
vents delays that will occur if separate studies to inform health
technology assessments are required after marketing authorization
is received. We advocate health technology assessment of new cardiovas-
cular therapeutics based on the collection of key economic measures in
clinical trials and data collected in the early post-approval period, based
on transparent, robust processes.

Evidence gaps and limitations
If implemented, the approaches outlined in this document have the
potential to improve the efficiency of cardiovascular clinical trials.
However, their impact cannot fully be known until more experience
with these strategies has been gained. Some of the ‘unknowns’ in-
clude the importance of clinical and statistical uncertainty in smaller
‘precision’-driven trials, bias in adaptive designs where the results
are ‘unblinded’ in an ongoing manner, and whether alternative ap-
proaches to clinical trial conduct will actually translate into im-
proved efficiency. Future research efforts will need to focus on
achieving more comprehensive knowledge regarding these issues.

Conclusion
There is a large, increasingly unmet need for novel approaches
to the development of new therapies to reduce the unacceptable
global burden of cardiovascular diseases (Table 1). The ESC has
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Table 1 Proposed solutions to streamline cardiovascular drug development and reinvigorate industry investment

Unmet need Proposed solution

Targeted development and evaluation in
defined patient populations

† A concerted effort from regulators, academia, payers, and industry to allow targeted,
mechanism-based, effective and rapid development of new compounds for use in defined ‘precision’
patient groups, complementing the present model of ‘one size fits all’ blockbuster development.

† Efforts from academia and industry to better understand disease mechanisms and to develop new
disease classifications reflecting such mechanisms. Integrated approaches for more effective human
target validation using large biobanks and genetic collection is needed in the pre-competitive space.

† Development of reliable public–private partnerships between academia and industry to make better
use of the existing insights into disease mechanisms and their translation into targets for new
medications.

Simple, practical approaches to conducting
large randomized trials

† Careful revision of the current infrastructure and operating procedures for the conduct of clinical trials
in cardiovascular medicine with a view to reducing administrative burden and focus on the regulatory
and procedural requirements that add value in high-quality clinical trials.

† Adoption of innovative statistical approaches for the design and analysis of clinical cardiovascular trials
(e.g. adaptive designs, use of total events rather than time-to-first event).

Generating data to support health technology
assessment

† Systematic collection of key data elements in pivotal clinical trials of new agents for performing
cost-effectiveness analyses required by health technology assessments.

† Implementation of existing information technology for long-term follow-up of patients enrolled in
clinical trials, requiring adaptation and harmonization of data protection rules.
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identified several key areas in need of further improvement. Collab-
oration among industry sponsors, academic investigators, regulators,
governments, payers, and society as a whole will be necessary to
enact change in the current state of cardiovascular clinical drug
development.
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