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Abstract

Background Ventricular tachycardia (VT) is a life-threatening condition, and standard treatments are not suitable for
many affected patients. Stereotactic arrhythmia radioablation (STAR) has emerged as a promising experimental last-resort
treatment for patients with refractory VT, but it lacks clinical standardization. To address this issue, the STOPSTORM.eu
consortium aims to collect data on patients treated with STAR via the development of a multicentric patient registry. The
Ethics & Regulations Working Group (ERG) provides support addressing ethical and regulatory challenges.

Methods The ERG conducted a survey to assess how prospective data on STAR are collected at the partner centres and
to explore potential ethical concerns. Responses were analysed to evaluate clinical trial approval processes, adherence to
STOPSTORM guidelines, and emerging ethical issues.

Results Among the 28 partners, there were 13 interventional clinical trials—ongoing or concluded—across seven countries;
centres without ongoing trials enrolled patients under compassionate use. Most trials were single arm, with few exceptions
(a randomized trial and dose escalation studies). Most ethics committees approved STAR trials without major objections,
but regulatory inconsistencies were observed, resulting in approval denial or delay. Ethical concerns included potential
therapeutic misconception among patients, autonomy issues due to the vulnerability of VT patients, and inequities in
access to STAR. The heterogeneity in trial designs, endpoints, and follow-up strategies among participating centres posed
challenges for data standardization, but using a registry to collect data from multiple local clinical trials offers an innovative
approach to overcoming logistical and financial barriers in research on rare diseases.

Conclusion Multicentric non-pharmaceutical trials on STAR may present ethical, regulatory, and organizational challenges.
The open registry model facilitates large-scale data collection and supports future protocol standardization. However, greater
intercentre collaboration and regulatory harmonization are needed to optimize STAR’s integration into clinical practice
while upholding ethical standards in patient care and research.
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STAR Stereotactic arrhythmia radioablation

STOPSTORM  Standardized Treatment and Outcome

Consortium Platform for Stereotactic Therapy of Re-
Entrant Tachycardia by a Multidisci-
plinary Consortium

VT Ventricular tachycardia

Background

Ventricular tachycardia (VT), a complex arrhythmia of ven-
tricular origin, is an unpredictable and life-threatening con-
dition [1]. Patients with VT are conventionally treated with
antiarrhythmic medication and receive an implantable car-
dioverter defibrillator (ICD) that interrupts symptoms and
reduces the risk of sudden cardiac death. The underlying
cause of the disease, the VT substrate, can be treated lo-
cally with catheter ablation (CA). Unfortunately, clinicians
are often unable to treat the entire substrate, which, com-
bined with progression of the underlying cardiac disease,
leads to VT recurrences in 20-50% of patients [2]. This ex-
poses the patients to iterative hospitalization and repetitive
painful, frightening, or life-threatening ICD interventions
that have a strong impact on the psychological wellbeing
of patients and negatively affect their quality of life (QoL)
[3]. It is often possible to perform repeat CA; however,
further recurrences are common, and a subset of patients
is eventually left without effective therapy. Stereotactic ar-
rhythmia radioablation (STAR), also referred to as cardiac
stereotactic body radiotherapy (SBRT), was developed as
a bail-out therapy in these patients [4, 5].

To date, ten single-arm prospective trials on STAR have
published their interim or final results, showing consistently
high response rates with regard to VT burden reduction as
well as moderate toxicity, with approximately one in ten
patients experiencing a severe or worse treatment-related
adverse event; however, at the same time, VT recurrences
remain common. By 1 year, as many as four in five patients
experience VT recurrence or pass away [6]. Still, the re-
duction in VT burden due to STAR, often also combined
with a reduction in anti-arrhythmic medication, putatively
associates with the often-observed improvement in quality
of life [3]. Due to the low volume of data and heterogene-
ity between centres, the European Union Horizon 2020-
funded Standardized Treatment and Outcome Platform for
Stereotactic Therapy of Re-Entrant Tachycardia by a Mul-
tidisciplinary (STOPSTORM) Consortium was initiated to
collect data on the use of STAR in VT patients, with the
main goals of standardization and determination of the clin-
ical outcomes of STAR through the development of a mul-
ticentric patient registry comprising both prospectively and
retrospectively recruited cohorts of patients [7].

Patients with refractory VT have very limited standard
options; however, since STAR remains experimental, it is
currently regarded as a last-resort or bail-out treatment.
Consequently, these patients are at a higher risk of ex-
ploitation and should thus be considered as vulnerable sub-
jects [8]. This requires special care and caution, which is
why the prospective patient recruitment in STOPSTORM is
paralleled by a dedicated research group providing ethical
guidance and regulatory support (the Ethics & Regulations
Working Group or ERG'). The aim of the ERG is to de-
fine the ethical and legal framework for STAR [7; 8] and
to conduct empirical research on the ethical dimensions in-
volved in the project. In this study, we aimed to explore the
ethical, regulatory, and organizational challenges associated
with the use of STAR within the STOPSTORM.eu consor-
tium. Using a questionnaire, we investigated how prospec-
tive data are collected among participating centres, how
local ethics committees interpret and evaluate STAR pro-
tocols, and which ethical concerns potentially emerge from
STAR treatment practices. The study also reflects on the op-
portunities and limitations of using an open registry model
to support clinical research on non-standardized non-phar-
maceutical interventions based on the survey results and
using the STOPSTORM experience as a case study.

Methods

Initially, the ERG reviewed and investigated the ethically
relevant aspects concerning the use of STAR: patient re-
cruitment process (via clinical trial and/or compassionate
use of STAR), study design (if any), and the approval pro-
cesses for the research protocols. The ERG partners devel-
oped a survey investigating these topics and distributed it
to the STOPSTORM national coordinators (NC) in March
2022. The NCs were responsible for delivering the survey to
each national STOPSTORM partner site. Reminders were
sent in April and May 2022.

Following initial responses, the survey was revised based
on feedback from the participating centres. The updated
version was circulated among the NCs and the STOP-
STORM members in June 2022. In October 2022, the ERG
added questions to gather more details on the clinical trial
submission process and track each partner’s progress (see
Appendix 1 for all survey versions), and the final survey
was sent out with a final reminder. Data collection was
completed in November 2022. For two centres, the results
were updated in January and April 2023 due to delays
in the clinical trial approval process. Data were extracted

! The group includes bioethics researchers, the project coordinator,
and other advisory researchers, all of whom are involved in the STOP-
STORM project.
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from the survey platform and reported using Excel (version
2310, Microsoft, Redmond, USA).

Results

We collected information about all 28 partner sites that
were involved in prospective patient recruitment in eight
European countries within the framework of the STOP-
STORM.eu consortium [7]. The following key information
emerged from the survey: among the participating centres
who were supposed to recruit patients prospectively, a total
of 13 trials were designed and submitted to ethics com-
mittees (EC) for approval in seven of the eight countries
involved in the STOPSTORM.eu consortium. The remain-
ing centres that did not have an active clinical trial at this
time recruited patients to undergo STAR through compas-
sionate use. Detailed information on the clinical trials and
the survey is provided in Table 1.

STOPSTORM protocol submission process and ethics
approval

In general, the centres involved in STOPSTORM arranged
to design and conduct prospective clinical trials at a national
level under the lead of each respective principal investigator
(PI). In most cases, the documents for each clinical trial
were prepared and submitted for evaluation to the local EC
by the PIs. Approval at the other centres then followed local
regulations.

Fig. 1 Overview of stereotactic
arrhythmia radioablation (STAR)
clinical trials or compassionate
use among the initial Standard-
ized Treatment and Outcome
Platform for Stereotactic Ther-
apy of Re-Entrant Tachycardia
by a Multidisciplinary (STOP-
STORM) Consortium partners

How patients
receive STAR
treatment in
STOPSTORM.eu
consortium (by
partner country)

B within a clinical

use

# Either within &
clinical trial or as
compassionate use,
depending on the
local cenfre
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trials 5\5
As compassionate

In most centres, the EC approval processes of the
prospective protocols were performed without major obsta-
cles, and the local ECs did not raise any critical issues or
doubts.

In Italy, significant challenges were encountered in ob-
taining approval for the national clinical trial. One centre
had the approval for sharing data of patients treated with
STAR under compassionate use within STOPSTORM, but
did not get approval for the interventional clinical trial (their
proton therapy medical device holds an European Confor-
mity[CE] label strictly for oncological use). At another Ital-
ian centre, the EC raised concerns about including STAR
within the intended use of the local linear accelerator, in-
terpreting STAR as an off-label treatment. Initially, the CE
requested that the PI present the study as a clinical investi-
gation of a medical device. However, after receiving clari-
fications from the clinical trial team, the EC acknowledged
the explanations and approved the study as a prospective
interventional trial under the CE label.

According to the survey results, no other ethical con-
cerns or issues in the protocol submission processes were
reported, either by the researchers or by the local ethics
committees.

Clinical trial description

Among the 31 partner sites in the STOPSTORM project,
28 centres were contributing to the registry through obser-
vational and/or prospective enrolment of patients at the time
of the survey (since 2024, 19 additional partners have joined
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the project). A total of 13 clinical trials have been carried
out or are currently ongoing at the original partner centres;
detailed information on partners and clinical trials can be
found in Table 1. The study designs were as follows: ten
single-arm prospective mono-/multicentric trials (C1, G1,
I1, N1-5, P1, S1); one phase II dose escalation trial (CH1),
one dose de-escalation trial (P2), and one randomized clin-
ical trial comparing STAR to CA (C2). In some multicentre
trials (C2, P1) patients are recruited and treated in two dif-
ferent centres, either due to the availability of medical de-
vices and/or because the cardiology and radiation therapy
departments are located in different facilities.

Not all studies complied with STOPSTORM guidelines
for prospective trial development, including timing of fol-
low-ups and administration of quality of life questionnaires.
Eight studies were registered on the clinicaltrial.gov plat-
form, while four of the five Dutch trials were registered
in the Dutch national registry. The remaining clinical trial
is not yet registered on clinicaltrial.gov. For a few studies,
interim (G1, [9]) and final results (N5, [3]; P1, [5]) have
already been published, along with the protocol for studies
G1 and P1 [10].

A minority of the STOPSTORM partners that intended
to recruit patients do not have any active or planned trials.
These are centres where STAR either cannot be performed
or patients are treated through compassionate use; in the
latter case, patients can sign a consent to be enrolled in the
STOPSTORM registry and are still eligible for inclusion in
the prospective cohort if their treatment and data meet the
quality criteria. Figure 1 shows an overview of STAR clini-
cal trials or compassionate use at STOPSTORM.eu consor-
tium partners.

Discussion

Our results show great variety in conceptual and scientific
approaches among the clinical trials performed at STOP-
STORM centres, with differences in experimental design,
endpoints, planned follow-up, and the use of questionnaires
investigating QoL. Even though the STOPSTORM.eu con-
sortium has encouraged all partners recruiting patients
prospectively to comply with the internal quality criteria
and shared guidelines for data harmonization, the registry
has an open character and will include data from all pa-
tients; thus, each country or partner could independently
develop its own study protocol (or even continue to treat
patients with compassionate use). Although respondents
did not explicitly report major ethical concerns in the
survey, the overall structure and implementation of the
registry-based approach—including the heterogeneity of
study designs and treatment protocols—may cause com-
peting interests and differential quality levels of treatment

delivery for STAR throughout Europe, factors that may
have both clinical and ethical negative impacts. While data
variability issues can be overcome through appropriate sta-
tistical analyses, a few ethical concerns related to autonomy
and informed consent, privacy and sharing of data, differ-
ences in regulatory interpretations and evaluations among
ECs, and access to last-resort experimental care must be
addressed [8, 11, 12].

Autonomy and informed consent

All prospectively treated patients, regardless of the cohorts
they will be finally assigned to, signed consent to share their
data in the STOPSTORM registry. The complexity of the
informed consent process in STOPSTORM is amplified by
the dual nature of participation: patients are first enrolled
in local interventional studies on STAR (for which they
sign a local informed consent specific to the experimental
protocol) and then consent to share their data within the
STOPSTORM registry. This dual consent process presents
significant challenges. By agreeing to participate in both
a local interventional study and a Europe-wide observa-
tional registry, patients may develop a misunderstanding
of the nature and quality of the treatment they receive.
Specifically, participation in a European project may lead
to a therapeutic misconception, with patients incorrectly as-
suming that STAR treatment is standardized and its efficacy
well established, simply because their data are included
in a large-scale international registry. This misconception
is particularly problematic because the STOPSTORM reg-
istry collects data from multiple interventional clinical trials
conducted at different centres—each with potentially dis-
tinct scientific rationales, methodologies, and quality stan-
dards—and even from compassionate use treatments. To
mitigate the risk of therapeutic misconception of patients
falsely believing they are receiving standardized care of
proven efficacy, it is essential to distinguish clearly between
the two levels of participation: the local experimental study
(with its own informed consent and ethical approval) and
the European observational registry, which aggregates data
from multiple heterogeneous sources. Therefore, it is cru-
cial to clearly communicate the experimental nature of the
treatment and the potential variability in treatment proto-
cols across different centres in order to ensure that patients
do not falsely believe they are receiving standardized care
of proven efficacy.

This issue is particularly relevant given the vulnerabil-
ity of refractory VT patients [13, 14]. Many of them are
in a fragile health state or may even be hospitalized in in-
tensive care units, which can compromise their decision-
making capacity and/or their ability to select the treatment
centre [14]. To safeguard the ethical principle of respect for
patient autonomy, healthcare professionals have a responsi-
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bility to proactively empower patients to freely choose and
to mitigate the risk of therapeutic misconception—not only
by obtaining informed consent but also by ensuring that
patients and their families fully understand the experimen-
tal nature of the treatment and the associated uncertainties
[15].

Privacy and data sharing

Given the amount of data sharing involved in STOP-
STORM, concerns related to data governance and patient
privacy exist. Ensuring consistent data security standards
across multiple international centres is challenging, which
is why the STOPSTORM.eu consortium emphasizes ad-
herence to international data protection regulations, such as
the General Data Protection Regulation (GDPR) in Europe,
and promotes ethical data handling practices.

Heterogeneity of protocol evaluations among ECs in
Europe

Another significant ethical challenge in multicentric ob-
servational clinical trials like STOPSTORM concerns the
variability in how local ECs interpret regulations and eval-
uate research protocols. In STOPSTORM, some ECs ini-
tially interpreted STAR as an off-label use of the linear
accelerator, which led to delays in trial approval for sev-
eral centres. According to those ECs, STAR fell outside
the CE-labelled intended use of the device and was there-
fore considered a clinical investigation of a medical device
under EU Regulation No. 2017/745. To address this issue,
extensive discussions were held within the ERG and the
NCs, and it was ultimately clarified that the focus of the
trials was on the SBRT procedure itself, not on the device,
which is CE-labelled for delivering SBRT to non-neoplastic
pathologies, including cardiac indications [16, 17]. Conse-
quently, the clinical trials were re-evaluated as investiga-
tions of a therapeutic procedure rather than a device and
eventually approved. However, these regulatory challenges
revealed a broader issue: while their independence allows
ECs to evaluate research protocols free from external influ-
ence, safeguarding ethical standards and patient protection
[18], it may also result in inconsistent interpretations of reg-
ulations across Europe [19]. As a result, the same protocol
can receive different feedback or approval decisions from
different ECs, leading to delays or discrepancies in patient
recruitment and data collection [20-22].

The impact of these delays is twofold: (i) patients eli-
gible for potentially life-saving or life-lengthening exper-
imental treatments, such as STAR, may be excluded due
to prolonged approval processes; (ii) the exclusion of these
patients limits clinical research progress and reduces the
amount of valuable data collected, particularly in rare con-

@ Springer

ditions like refractory VT, where every patient counts [23].
While EU Regulation No. 536/2014 has harmonized clini-
cal trial approval processes for pharmacological studies by
allowing a single national evaluation valid across all centres
in a member state [24], it does not apply to non-pharma-
ceutical research, including SBRT studies. Consequently,
differences in EC interpretations continue to affect STOP-
STORM and similar non-pharmaceutical multicentric trials
[22; 25].

Until more uniform guidelines or binding regulations are
established, it is essential that all centres involved in multi-
centric trials that fall outside EU Regulation No. 536/2014
collaborate closely from the protocol development stage,
ensuring harmonized quality criteria to minimize the risk
of divergent interpretations by ECs.

Equity in access to experimental care

Differences in the experimental approaches and delays in
trial approval processes across the STOPSTORM centres
significantly impact equitable access to experimental ther-
apies. This poses ethical concerns, particularly because
STAR is a potentially life-saving treatment for refractory
VT patients who have no other therapeutic options. How-
ever, despite STOPSTORM’s commitment to shared quality
criteria for conducting prospective studies, the consortium
cannot legally enforce uniform treatment standards across
all centres. Patients at certain centres may receive higher-
quality experimental care compared to others, raising eth-
ical issues related to fair access to innovative therapies.
This challenge highlights the need for better coordination
among partners in multicentric trials to ensure consistent
standards of care for patients, particularly for experimental
treatments lacking standardized protocols. Jointly drafting
study documents helps to clarify protocol concepts and
key documents, such as informed consent, thus minimizing
doubts and concerns from EC members.

Despite these challenges, the open registry approach also
made it possible to overcome and manage some of the main
hurdles to conducting clinical trials on STAR.

One of the main challenges is the limited number of
eligible patients. Since recurrent VT is a rare medical con-
dition, most STAR trials have small sample sizes, which
may mean that collected data are insufficient to draw sig-
nificant conclusions. The limited number of patients also
increases the risk of bias and reduces the generalizability
of results, making the development of clinical guidelines
more challenging. By conducting numerous smaller trials
at local levels and consolidating the data through the reg-
istry, the project effectively pools resources, increasing the
volume of data collected and allowing the inclusion of di-
verse patient populations across different geographical and
clinical settings.
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Another barrier is the financial constraint. Organizing
large multicentric clinical trials can be overly expensive due
to complex and comprehensive regulatory requirements, in-
cluding auditing and monitoring. These requirements, al-
though essential for patient safety and research credibility,
add a substantial burden at both the administrative and the
financial level; this applies especially to non-profit research,
which has typically limited funding options. Having a reg-
istry minimizes duplicative regulatory processes, such as re-
peated auditing and monitoring, which are usually required
in multicentric interventional trials; reduces administrative
burdens; and accelerates the research timeline. This allows
for faster transitions from clinical investigation to imple-
mentation. Additionally, the reduction in administrative and
financial burdens allows centres with limited research infra-
structure to participate in high-impact clinical research.

Limitations

This study has several limitations. Despite the aforemen-
tioned advantages of the consortium approach, the project
might not provide data of the same quality as a protocol-
driven multicentre prospective clinical trial would. More-
over, this study only takes into consideration centres within
STOPSTORM, while STAR is under investigation in many
more centres, both in and outside Europe. Many researchers
involved in STOPSTORM have minor yet relevant conflicts
of interest due to participation in the STOPSTORM.eu con-
sortium and the national trials. Additionally, those ques-
tioned were involved in the process of developing the ques-
tionnaire, which might introduce bias. Lastly, an in-depth
examination of national regulations and legislation on the
approval of non-pharmacological clinical trials is lacking;
although this is an important ethical issue, it requires spe-
cific legal expertise and goes beyond the scope of this eth-
ical overview.

Conclusion

This study provides a comprehensive analysis of the ethi-
cal, regulatory, and organizational issues faced by multicen-
tric non-pharmaceutical clinical trials on a non-standardized
treatment like STAR. Particular attention was paid to issues
related to patient autonomy, therapeutic misconception, data
governance, and equitable access to experimental care. We
showed how the open registry approach adopted by STOP-
STORM can be an effective strategy to overcome some of
those barriers, such as limited patient eligibility and finan-
cial constraints. However, parties conducting similar clini-
cal trials should be aware of all potential ethical concerns,
especially the barriers to patient autonomy and to equitable
access to experimental care. The European Union has taken

many steps towards harmonizing clinical research processes
and improving efficiency and transparency, but similar ef-
forts still need to be made for non-pharmaceutical research.
Collaborative and coherent engagement from all stakehold-
ers—particularly researchers and regulatory bodies—is still
necessary to harmonize, address potential inequities, and
improve data quality.

The STOPSTORM.eu consortium is pivotal in establish-
ing the role of STAR in refractory VT treatment, a mile-
stone towards the development of a unified protocol for its
clinical application, but the challenge of its optimization in
a clinical setting needs extensive ethical oversight, regula-
tory standardization, and international cooperation.

Supplementary Information The online version of this article (https://
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