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ABSTRACT

Introduction Surgical margins are crucial in determining
postoperative local recurrence (LR) in patients with
colorectal liver metastasis (CRLM) and hepatocellular
carcinoma (HCC). Achieving a margin greater than 1 cm
can be challenging due to constraints related to remnant
liver reserve, proximity to major vascular structures and
tumour depth. We previously published findings from a
retrospective study suggesting that additional margin
coagulation (AMC) using radiofrequency may reduce LR,
and this multicentre randomised clinical trial aims to
further assess this hypothesis.

Methods and analysis The LIVERATION trial is an
international, multicentre, single-blind, randomised,
parallel-group, controlled clinical trial involving 698
patients undergoing liver resection for CRLM or HCC.
Participants will be randomly assigned in a 1:1 ratio to
either AMC (study group) or conventional liver resection
(control group) to assess oncological outcomes for both
CRLM and HCC. The primary outcome is the incidence
of LR. Secondary endpoints include overall survival,
disease-free survival, cancer-specific survival, surgical
complications and quality of life. Follow-ups occur at 30
days, 90 days, and 1, 2 and 3 years postoperatively.
Ethics and dissemination The LIVERATION trial has
been approved by the Ethics Committee at the sponsor
site Hospital del Mar de Barcelona, CEIM-PSMAR (Comité
de Etica de la Investigacion con Medicamentos — Parc
de Salut Mar), as well as by the Institutional Ethics

1,2,3

16

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study represents the first international ran-
domised clinical trial specifically designed to eval-
uate the effect of additional coagulation of the
resection margin after hepatectomy on local recur-
rence. Its pragmatic design ensures that the find-
ings will be generalisable to routine clinical practice.

= The LIVERATION ftrial is endorsed by a Horizon
Europe grant and involves collaboration with re-
nowned high-volume liver surgery centres across
Europe, guaranteeing both scientific rigour and
broad clinical relevance.

= A potential limitation is the use of broad inclusion
criteria, which, while increasing external validity,
may also introduce heterogeneity and potential con-
founding factors that must be carefully addressed
in the analysis.

Committees in all participating countries. The results of the
main trial, along with each of the secondary endpoints, will

be submitted for publication in a peer-reviewed journal.

The study adheres to national and international guidelines,

including the Declaration of Helsinki, and complies with
regulations for studies involving biological samples under
Law 14/2007 on Biomedical Research. A dissemination
strategy has been developed to engage stakeholders

and facilitate knowledge transfer to support the use of
the findings of the study. LIVERATION is funded by the
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European Union under the Horizon Europe Framework Programme (Project
Number: 101104360).
Trial registration number NCT05492136.

INTRODUCTION

The liver is the primary site of metastasis for colorectal
can(:elr,l which is currently the third most common malig-
nancy worldwide.” Besides the recent advances in multi-
modal strategies for treating patients with colorectal
liver metastasis (CRLM), there has been an increase in
cure and/or durable relapse-free survival in patients
with advanced disease, partly attributable to successful
liver resections.”” The 5-year overall survival (OS) rate
for colorectal cancer after hepatic resection is 25%-40%,
compared with 0%-5% for those who will not have the
surgery.® Similarly, primary liver cancer is the sixth most
commonly diagnosed cancer and the third leading cause
of cancer death worldwide in 2020.7 As in CRLM, liver
resection remains the standard curative treatment for
hepatocellular carcinoma (HCC) in patients at early
stages according to the Barcelona Clinic Liver Cancer
classification (BCLC 0-A), with small solitary tumours
and very well-preserved liver function.

While hepatic recurrence (HR) in the liver remnant
appears to be more dependent on immutable tumour-
related factors such as molecular pathology, biomarkers
or initial size and tumour burden, local recurrence (LR)
at the resection margin can be influenced by other modi-
fiable factors.?? In line with this, surgical margin status has
been considered to be of paramount importance for its
impact on postoperative LR'’; however, the appropriate
width for a negative resection margin remains a topic of
debate."" Some consider a 1 cm margin as indicative of
RO status,'” while others accept subcentimetre negative
margins, including those less than 1mm, as RO.'" This
distinction is even more important in the case of HCC,
as these tumours are likely to present with satellitosis;
thus, a wider margin is preferable compared with what is
typically required for CRLM. Achieving a margin greater
than 1 cm is clearly desirable and should be attempted
whenever possible. However, this goal can be anatomi-
cally challenging due to factors such as insufficient future
liver remnant, proximity to major vascular structures and
tumour depth. Nonetheless, a questionable preopera-
tive RO status should not preclude a liver resection if it is
feasible.

Radiofrequency (RF) ablation has gained popularity
over the past two decades and has even challenged the
indications for liver resection in specific cases of CRLM
and HCC. Hepatobiliary surgeons have increasingly used
energy-based sealing systems and haemostatic devices,
such as RF monopolar electrodes, which not only facilitate
bloodless liver resections' '* but also appear to influence
oncological outcomes by creating a substantial zone of
thermally coagulated tissue at the transection line of the
remnant liver."” '® Given its established efficacy in tumour

ablation, such as for HCC, RF is sometimes used to ablate
the liver surface following questionable resections.

Despite the widespread use of additional coagulation
in doubtful margins, high-level evidence supporting its
effectiveness in reducing LR or improving OS is lacking.
In a previous retrospective study, we investigated the
concept of additional margin coagulation (AMC) during
liver resections with narrow margins and found that the
study group experienced significantly fewer LR compared
with controls."” Up to our knowledge, there are no clin-
ical prospective randomised studies with the same scope
as that of the LIVERATION trial. Therefore, the present
study aims to further assess this approach through a Euro-
pean multicentre randomised clinical trial.

MATERIALS AND METHODS

Study design

LIVERATION is an international multicentre, single
blind, randomised, parallel-group, controlled clinical
trial conducted across seven European countries: Spain,
France, Switzerland, Italy, Greece, Poland and Slovenia.
The trial includes all consecutive patients scheduled for
either conventional surgery or AMC of the transection
surface to assess LR. Clinical sites participating in the
study are academic hospitals across Europe, recognised
for their expertise in liver surgery and strong academic
backgrounds. Besides their recognised expertise in
liver surgery, these centres are also high-volume institu-
tions, each performing more than 50 liver procedures
annually. The study is registered at ClinicalTrials.gov
(NCT05492136) and is funded by the Horizon Europe
Framework Programme (Project Number: 101104360)
under the call Research and Innovation actions
supporting the implementation of the Mission on Cancer
https://ec.europa.eu/info/funding-tenders/oppor-
tunities/portal/screen/opportunities/topic-details/
horizon-miss-2022-cancer-01-03.

This protocol was developed in accordance with the
Standard Protocol Items: Recommendations for Interven-
tional Trials (SPIRIT) guidelines.'® A completed SPIRIT
checklist is provided in online supplemental file 1.

Study population and eligibility criteria

All patients with CRLM or HCC will be assessed for eligi-

bility for surgical resection by a multidisciplinary tumour

board following current clinical practice. Patients who
meet the inclusion criteria and do not meet any exclu-
sion criteria will be approached by the investigators and
recorded, regardless of whether they choose to partic-
ipate. All patients will sign a written informed consent
form (ICF) before randomisation.'® A copy of the ICF is
available in the online supplemental material section.

Inclusion criteria:

» Written informed consent granted prior to the initia-
tion of the surgical procedure, given with the under-
standing that the patient has the right to withdraw
from the study at any time, without prejudice.
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» Aged 18 years or older.

WHO performance scale 0-2.

» Consecutive patients (both sexes equally distributed)
suffering from CRLM confirmed either by abdominal
CT, abdominal MRI and/or by histological-cytolog-
ical evaluation, or patients suffering from HCC.

» Any previous chemotherapy regime is permitted.

» American Society of Anesthesiologists (ASA) score
1-3.

Exclusion criteria:

» Previous or concurrent cancer different from one
primary tumour of which the liver metastasis comes
from, except cervical carcinoma in situ, treated basal
cell carcinoma and superficial bladder tumours (Ta,
Tis and T1).

» Any cancer curatively treated >3 years prior to enrol-
ment is permitted.

» American Society of Anesthesiologists (ASA) score 4.

» Non-resectable extrahepatic metastases.

» Liver metastasis from other origins apart from
colorectal.

» Benign primary tumour of the liver.

» Pregnant woman.

» Participation in another clinical trial.

v

Trial-specific interventions

The trial intervention will not influence the overall
surgical procedure. Liver access will be achieved using
the preferred approach of the surgeon—either open,
laparoscopic or robotic—under general anaesthesia. The
peritoneal cavity will be examined, and intraoperative
ultrasonography will be performed as usual to detect any
previously undetected lesions. If necessary, the liver will
be mobilised according to the size and location of the
lesion, and dissection of the hilar structures or hepatic
veins is permitted in both study arms. After selecting the
transection plane, resection of the liver will be performed
using the technique chosen by the surgeon, following the
standard clinical practice of each centre.

Arm 1 (control group)

Liver transection will be performed using conventional
methods according to the preference of the surgeon,
which may include one or more of the following tech-
niques without specific coagulation of the margin after
transection: conventional crush-clamp or finger fracture
technique, ultrasonic dissector (eg, CUSA), ultrasonic-
mediated devices, water jet dissector, argon beam coagu-
lator or bipolar forceps.

Arm 2 (study group)

In this arm, the use of RF devices with evidence in the
literature for reducing LR is permitted, eg, Coolingbis©
(Vecmedical Spain, S.L.. Montcada i Reixac, Catalunya,
Spain) and Aquamantys© (Medtronic Advanced Energy,
LLC. 180 International Drive, Portsmouth, New Hamp-
shire, 03801, United States), either alone or in combina-
tion with any conventional method.

For Coolingbis® (bmm model): after resection, the
margin will be coagulated by moving the device over the
tissue in a ‘painting motion’, covering 2.5cm diameter
circles for 15s with the electrode tip at a power level of
7, ensuring complete surface coagulation (online supple-
mental video 1).

For Aquamantys®: the margin will be coagulated using
a similar ‘painting motion’, covering 2.5cm diameter
circles for 15s with the electrode tip at power of 100-120
W and medium saline flow. Continuous aspiration of hot
saline will be performed during haemostasis to prevent
thermal damage to surrounding tissues and organs.

Prior to the initiation of recruitment at each partic-
ipating centre, a training and certification visit on the
use of RF devices will be conducted, led by the study
sponsor (IMIM). Follow-up and monitoring visits will
be performed at each site to ensure proper use of the
devices, as well as to verify appropriate calibration and
quality control.

As the LIVERATION trial is pragmatic, no additional
effort will be made to standardise postoperative care
beyond ensuring that the same protocol is applied to both
the AMC and control groups within each centre. Partic-
ipants will receive postoperative care according to the
routine practices of their respective centres. However, all
surgical techniques, materials and medical devices used
will be reported in detail to identify potential confounders
and register any imbalances among treatment groups.

DATA CAPTURE AND TRIAL ENDPOINTS

Primary endpoint(s). the primary endpoint of the study
is LR, defined as any growing or enhancing tumour in
the margin of hepatic resection'? specifically reviewed to
this aim. LR will be assessed by follow-up imaging (CT or
MRI) at 30 days (visit 3), 90 days (visit 4) and 1, 2 and 3
years after surgery (visits 5, 6 and 7, respectively).

Technical optimisation is essential to ensure high-quality
(CT). Key parameters include: (i) multiphase acquisition
with thin-section image reconstruction (<3 mm slice thick-
ness), comprising an arterial phase (20-25s) of the upper
abdomen and a portal venous phase (approximately 70s)
covering the abdomen and pelvis; (ii) administration of a
non-ionic iodinated intravenous contrast agent at a dose
of 1.5mL/kg, injected at a rate of 4-5 mL/s.

Abdominal MRI is indicated when contrast-enhanced
CT is contraindicated. In such cases, a non-contrast CT of
the chest, abdomen and pelvis should also be performed.
MRI protocols should include T1-weighted in-phase and
out-phase, T2-weighted sequences with and without fat
suppression, and diffusion-weighted sequences as well as
multiphasic contrast-enhanced sequences. These param-
eters follow the recommendations from the European
Society for Medical Oncology.*

All imaging will be interpreted locally by the reporting
radiologist at each participating centre. Additionally, the
scans will undergo central review by a designated radiol-
ogist (AR), who has 18 years of experience in pancreatic
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imaging and will be blinded to the surgical technique
used.

Transection area (cm?): This will be obtained by delin-
eating the transection plane from a digital photograph
using dedicated software (3D Doctor, Able Software
Corp, Lexington, MA, USA). To achieve this, a CT scan
performed 1 month after surgery will be required. These
images will be evaluated at the sponsor centre by an expe-
rienced radiologist specialised in RF ablation imaging.

Secondary endpoint(s): Main secondary endpoints of the
study will be OS, defined as time from surgery until death
or the end of the study, patients who discontinue from
the study without disease will be censored at the time of
their last tumour evaluation prior to death or discontinu-
ation. Disease-free survival (DFS), calculated as the time
from surgery until disease progression, patients who have
not progressed at the time the survival analysis review is
performed will be censored at the time of their last tumour
evaluation. Cancer-specific survival, measured from
the date of surgery to the date of death from colorectal
cancer/HCC or last follow-up. Hepatic recurrence (HR),
calculated as the time from surgery until specific hepatic
progression outside the resection margin.

Postoperative morbidity and in-hospital mortality will
be assessed using Clavien-Dindo Classification® and
the Comprehensive Complication Index® at 90 days.
Index complications after hepatectomy were specifi-
cally recorded: postoperative hepatic failure was defined
according to the ‘50-50 criteria’ on postoperative day
5. Biliary fistula was defined as total bilirubin level in
drainage >3 times the level in serum or bile accumulation
in the abdominal cavity.”” Other variables include patient
baseline characteristics (ie, demographics, stage, date of
diagnosis, tumour biomarker status and chemotherapy
regime).

Quuality of life (QoL) will be assessed using two patient-
reported outcomes measures; the QLQ-C30,** eligible for

cancer patients in multicultural clinical research settings,
including health, social and emotional domains; and the
QLQ-HCCI18% which was developed as a supplement for
patients with HCC. Both have been developed by the
European Organisation for Research and Treatment of
Cancer. Both questionnaires will be run at baseline visit
and repeated every visit except for the day of surgery and
the 90-day postoperative visit. We will also evaluate patient
experience during cancer using one cancer-specific
patientreported experience measure to evaluate patient
experience throughout the care pathway: an adapted
version of the Swiss Cancer Patient Experiences question-
naire (V.2023); this questionnaire evaluates patient’ expe-
riences of care from cancer diagnosis to follow-up care, in
addition to evaluating overall satisfaction.

Moreover, a socioeconomic analysis, grounded in the
quality-adjusted life year framework, will be conducted
alongside the clinical trial. This analysis will use data
exclusively from the patients enrolled in the trial to esti-
mate the broader economic impact and assess the cost-
effectiveness of the treatments being evaluated with the
final aim of informing healthcare policies, optimising
resource allocation and justifying potential clinical inter-
ventions for patients affected by this condition. Primary
and secondary outcomes can be checked in table 1.

Patient timeline and trial visits

All patients scheduled for elective surgery for CRLM
or HCC in all the centres will be considered to partici-
pate in the trial and assessed for eligibility. Reasons for
non-inclusion and those who refuse to participate must
be documented. Patients will be enrolled based on their
ability to comprehend the trial’s scope and nature and
will provide written informed consent after receiving
detailed information and meeting all inclusion criteria.
Each patient must complete at least five follow-up visits
(figure 1).

Table 1 Study primary and secondary outcomes
Outcomes Definition Timeline
Primary

Local recurrence
resection

Secondary
Overall survival
Disease-free survival

Cancer-specific survival
or last follow-up

Postoperative morbidity
Complication Index

In-hospital mortality

Quality of life questionnaires
QLQ-HcCc18%

Experience questionnaire
Experiences®*

Growing or enhancing tumour in the margin of hepatic

Time from surgery until death or the end of the study
Time from surgery until disease progression
Time of death from colorectal cancer/hepatocarcinoma

Clavien-Dindo Classification and the Comprehensive

Patient-reported outcomes measures: QLQ-C30% and

Adapted version of the Swiss Cancer Patient

Within 3 years from surgery

Within 3 years from surgery
Within 3 years from surgery
Within 3 years from surgery

Within 90 days from surgery

Within surgery until hospital discharge
Within 3 years from surgery

Within 30 days from surgery
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Patients assessed

- ASA IV

Visit 1: preoperative

Exclusion criteria:

-Non resectable EHM
-Non CLM

- Hepatic benign tumour
-Previous cancer < 3y

- Age < 18y

for eligibility

Eligible patients

assessment

Visit 2: Surgery day

Visit 3: Postoperative day 30

Visit 4: Postoperative day 90

Visit 5,6 and 7: 1, 2 and 3 years
postoperatively respectively

Figure 1

Informed consent
Randomisation 1:1

Control
AMC

group: no
Study group: AMC

Assessment of primary and
secondary outcomes (DFS, OS,
CCl, Qol, PREMS)

Assessment of primary and
secondary outcomes (DFS, OS,
CCl, Qol)

Assessment of primary and
secondary outcomes (DFS, OS,

Qol)

Patient flowchart. CCl, Comprehensive Complication Index; DFS, disease-free survival; OS, odds ratio; PREMs,

patient-reported experience measure; QoL, quality of life; AMC, additional margin coagulation; CLM, colorectal liver metastasis;
EHM, extrahepatic metastasis; ASA: American Society of Anesthesiologists.

Baseline data, including routine blood tests, serum
biochemistry, tumour markers, preoperative imaging (CT
scan or MRI), and the initial QoL questionnaires, will be
recorded during the baseline visit. Informed consent and
randomisation will also occur during this first visit. Surgical
data will be collected on visit 2, the day of surgery, which
will be scheduled within 5weeks after randomisation.

Primary and secondary outcome parameters will be
collected during follow-up visits, specifically at 30 days
(visit 3) and 90 days (visit 4) post-surgery. Subsequent
follow-up visits (visits 5, 6 and 7) will be conducted at
l-year intervals (table 2).

Calculation and justification of the sample size
Sample size calculation was done using Stata statistical
software (StataCorp LLC, 4905 Lakeway Drive, College

Station, Texas, 77845, United States) and the clustersampsi
command V.st0286 2.2 We estimated that the event rate of
LR in CRLM is 10.2% and 20% for HCC.* At a significance
level of 5% and assuming 10% attrition, we calculated that
518 CRLM participants would provide the trial with 80%
power to detect an absolute between-group difference of
6.9% (reducing the risk of LR from 10.2% in the control
group to 3.3% in the treatment group). Similarly, we calcu-
lated that 180 HCC participants are needed to detect an
absolute between-group difference of 15.5% (reducing the
risk of LR from 20% in the control group to 4.5% in the
treatment group). Assuming a 1:1 allocation ratio, we need
259 CRLM participants and 90 HCC participants in each
group. This corresponds to a total of 518 CRLM and 180
HCC participants. Therefore, a total of 698 patients.
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Table 2 Trial visits and documented parameters

Visit 1

Visit 2 Visit3 Visit4 Visit 5 Visit6* Visit7*

Assessment
Eligibility assessment, informed consent and randomisation X

Medical history X
Physical examination X
Surgery

Blood analysis X
Radiological imaging X
QoL questionnairest X

PREMSs questionnairet

Baseline Surgery day

POD 30 POD90 1year 2years 3years

X X X X X
X

X X X X X

X X X X X

X X X X

X

*A window of + 30 days will be taken into consideration for the completion of visits 5, 6 and 7.

TIn the event that, due to some extraordinary circumstance, it is not possible to see the patient in person, it will be possible to call the
patient by phone to administer the questionnaires telephonically (with their prior consent), no later than 1 month after the scheduled date
for questionnaire administration. In the case of the quality of life questionnaires to be administered at visit 1, it is crucial to administer
them prior to the surgery. The patient may also be contacted by phone in the event the investigator needs to clarify any questions or fill

in unanswered questions.

POD, postoperative day; PREMs, patient-reported experience measures; QolL, quality of life.

Randomisation

Patients who meet the inclusion and exclusion criteria
and sign the informed consent in the outpatient clinic are
eligible for randomisation. Each patient will be assigned a
code or identification number in strict sequential order.
Randomisation will be conducted prior to surgery to allow
for the preparation of specific devices. Patients will be
allocated to either the AMC group or the control group
at their respective centre by the study promoter, using
an online computer-controlled permuted-block rando-
misation module (Research Electronic Data Capture,
Vanderbilt University, Nashville, Tennessee, United States
-RedCAp). This will be done in a 1:1 ratio without repo-
sitions, with block sizes varying between two and four
patients. Randomisation will be stratified by centre and
tumour type.

If a subject discontinues from the study, their subject
number will not be reused, and re-entry into the study
will not be permitted. However, during the recruitment
period, a dropout subject may be replaced by a newly
included patient who will receive the next available
subject ID, in addition to the planned total number of
subjects for that specific clinic.

Blinding

Itis not possible to double-blind this study due to the fact
that it will be obvious for the study site team to which
the patient has been allocated (ie patients in the test
group will be treated with the new device in the operating
room). However, patients will be unaware of the treat-
ment allocation whenever possible. Inconsistency in this
requirement will be reflected in the investigator file in
the case report form (CRF).

Data management, statistical analyses and quality assurance
Data management

All variables collected in the study will be recorded in the
electronic CRF (eCRF), which will automatically transfer
data to a database managed by the study coordinators, as
outlined in the eCRF guidelines. Researchers and study
monitors will have digital access to the eCRF and data-
base to enter new patient data and review existing data
during follow-up. Any additions or corrections made in
the remote data entry system will be automatically logged
in an audit trail.

A backup copy of the database will be created monthly.
Both the eCRF and a copy of the prospective database will
be retained for up to 10 years after the completion of the
study and will be treated with the same confidentiality as
other patient clinical data.

Statistical methods

The main analyses will be conducted according to the
intention-to-treat principle: all randomised patients will
be included in the analyses based on the treatment allo-
cation at randomisation. Multiple imputation will be used
if more than 10% of patients have missing data on core
variables, such as outcomes of interest and basic demo-
graphic characteristics.

Initially, the two groups will be compared for LR and
other outcomes of interest using standard statistical tech-
niques, without accounting for confounding variables
(unadjusted analysis—eg, estimating HRs). OS, DFS,
cancer-free survival (CFS) and HR will be compared
between the two groups using two-sided unadjusted log-
rank tests and Kaplan-Meier survival curves.

To adjust for confounding variables, we will analyse
between-group differences in LR and other time-to-event
outcomes (OS, DFS and CFS) using a mixed effects Cox
proportional hazards model. This model will include a
fixed effect for the intervention group and random effects
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for the site. We will adjust for the following variables: type
of chemotherapy treatment, prior administration of adju-
vant chemotherapy for primary cancer, previous chemo-
therapy for liver metastases, institution, type of resection,
tumour stage, general coagulation method used and
different RF application devices.

Effect estimates will be reported with 95% CIs and p
values assuming a zero-effect hypothesis. All analyses
will be performed using RStudio (Posit PBC, Boston,
Massachusetts, United States)® and relevant R pack-
ages.” ! Trial results will be reported in accordance with
the Consolidated Standards of Reporting Trials.”® We
will explore the proportional hazards assumption using
Schoenfeld residuals and, in case of violation, we will
consider alternative models with time-varying coefficients
for the explanatory variables that cause this violation and
with restricted mean survival times.”

We are planning to conduct one interim analysis when
half of the participants of the study (259 CLP and 90 HCC
participants) have been recruited and finished a 6-month
follow-up period using the O’Brien-Flemming stopping
boundaries for efficacy.

Quality assurance/data monitoring/data-sharing plan

All patient data related to the study will be recorded on
eCRFs. The investigator is responsible for ensuring that
data entries are accurate and correct, either by physi-
cally or electronically signing the eCRF. Guidance on
completing eCRFs will be provided in the Trial Master
File.

The investigator must allow for study-related moni-
toring, audits, Research Ethics Committee and National
Competent Authority (REC/NCA) reviews and regulatory
agency inspections and provide direct access to source
data documents. The monitoring strategy, including
definitions of study-critical data items and processes, risk
management and mitigation strategies, and monitoring
techniques (central, remote or on-site), is detailed in the
monitoring plan. The sponsor or their designee is respon-
sible for data management, including quality checking of
the data. The sponsor retains accountability for actions
delegated to other individuals, such as contract research
organisations.

Records and documents, including signed ICFs, must be
retained by the investigator for 10 years after the comple-
tion of the study, unless local regulations or institutional
policies mandate a longer retention period. Records may
not be destroyed during this retention period without
written approval from the sponsor. Additionally, records
may not be transferred to another location or party
without written notification to the sponsor.

The data generated by this project, along with
supporting information, will be deposited in the CORA
Research Data Repository (https://dataverse.csuc.cat/),
a multidisciplinary repository supporting FAIR (Findable,
Accessible, Interoperable and Reusable) principles and
EOSC (European Open Science Cloud) guidelines. This
repository ensures long-term, open access to the data with

persistent identifiers (digital object identifier (DOIs)) for
easy citation and reuse. Metadata standards such as the
Data Documentation Initiative (DDI), Dublin Core and
DataCite are used to enhance data discoverability and
interoperability.

Data will be preserved and made publicly accessible for
at least 10 years under CCO (Creative Commons Zero)
or other appropriate licences. Due to the small scale of
the study, no data access committee is required. This
approach aligns with the European FAIR principles to
promote data findability, accessibility, interoperability
and reusability.

Serious adverse events

A serious adverse event (SAE) is an adverse effect that
meets one or more of the following criteria: (1) itleads to
the patient’s death, (2) there is an imminent risk of death,
(3) it requires hospitalisation or prolongation of hospital-
isation, (4) it involves a disability or significant persistent
sequela, and (5) it constitutes a major medical event that
is life-threatening or may require medical intervention to
prevent any of the above outcomes.

Any SAE must be recorded on the eCRF of the patient,
including the start time, action taken and an assessment
of whether it qualifies as an SAE. The SAE committee
will review these events, and the trial will proceed if more
than 10% of the patients treated in the initial phase expe-
rience SAEs.

In our previous evaluation of the method, we did not
observe any significant adverse events (AEs) or adverse
device effects that could be attributed to the device or its
method of use.* Nonetheless, we provide a list of serious
surgery-related complications that could potentially
be associated with the procedure, and which may also
encompass possible device-related AEs (Boxes 1 and 1).

Duration and schedule

The overall trial is anticipated to take 5 years to complete,
including the preparation of manuscripts and data anal-
ysis. Recruitment for the trial began in November 2023
at the Hospital del Mar in Barcelona. The recruitment
period will be 30 months followed by 3 years of follow-up.
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Box 1 Potential serious adverse events

= Postoperative bleeding with replacement >4 units of erythrocyte
concentrates, severe sepsis (according to the American College
of Chest Physicians/Society of Critical Care Medicine). However,
evaluating this variable, we must bear in mind that with conven-
tional methods of liver transection, 16% of our patients must be
transfused.

= Subphrenic or perihepatic abscess requiring drainage.

= Relaparotomy connected with the procedure.

= A biliary fistula for more than 10 days with discharge >10 mL/day.

= Transient liver failure (bilirubin >10 mg/dL lasting >3 days).

= Renal failure requiring dialysis.

= Respiratory failure with renewed necessary mechanical ventilation.

= Death of the patient as a result of the operation.
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The recruitment period is projected to continue until
June 2026. The follow-up period will be completed by
June 2029. Data analysis and manuscript preparation are
expected to be completed within 3 months following the
end of the follow-up period.

Ethics and dissemination

The study sponsor is responsible for obtaining approval from
the Institutional Ethics Committees (IECs) in each partici-
pating country. The protocol has already been approved by
the Institutional Review Board at the sponsor site Hospital del
Mar, Barcelona — Spain (Comité de Etica de la Investigacion
con Medicamentos CEIm_PSMAR2023/11115), as well as by
the IECs in all participating countries, including Italy (Comi-
tato Etico Territoriale Lazio Area 2-157.24 PUD CET2),
France (Comité de Protection des Personnes Ile-de-France
II — 2024-A0090641), Poland (Komisja Bioetyczna przy
Warszawskim Uniwersytecie Medycznym — KB118/2024),
Slovenia (Komisija Republike Slovenije za medicinsko etiko
— 0120-59/2024-2711-7), Switzerland (Kantonale Ethik-
kommission — BASEC-Nr 2024-D0088), and Greece (Ethics
Committee of the University Hospital ‘Laiko’ — 279; Ethics
Committee of the University General Hospital of Larissa
— 26203; Ethics Committee of the Anti-Cancer Hospital of
Piraeus ‘Metaxa’ — 12361 /27-6-25).

Although the surgical procedure itself is not modified
by the clinical trial, the usual informed consent process
will be used at each centre. Once the standard surgical
consent is signed, patients will be asked to provide
specific consent for participation in the study, with infor-
mation about the possibility of being assigned to either
study group. The principal investigator is responsible for
informing the IEC of any protocol amendments in accor-
dance with local requirements. Civil liability insurance
will be in place for the study.

This project will adhere to national and international
guidelines, including the Declaration of Helsinki (64th
General Assembly, Fortaleza, Brazil, October 2013) and
the regulations governing studies with biological samples,
as outlined in Law 14/2007 on Biomedical Research. All
amendments to the research protocol will be notified
to the IEC that provided the favourable opinion. Non-
substantial amendments will be recorded and filed by the
sponsor but will not be notified to the IEC.

Data confidentiality is ensured in compliance with
current regulations, including Organic Law 3/2018 of 5
December, on the Protection of Personal Data and Guar-
antee of Digital Rights, and Regulation (EU) 2016/679
of the European Parliament and Council of 27 April
2016, on Data Protection. Patients will be assigned a
unique identifier by the sponsor. Records and datasets
transferred to the sponsor will contain only this identi-
fier; patient names or any other identifying information
will not be included. Sponsor staff who access personal
data will be required to maintain confidentiality. Data
collected will be limited to what is necessary to achieve
the study objectives. Patients will be informed that their
personal study-related data will be used by the sponsor in

accordance with local data protection laws. The level of
disclosure will be explained to patients, and they will be
required to consent to the use of their data as described
in the informed consent document.

Dissemination and publication policy
The dissemination strategy aims to engage stakeholders and
facilitate the transfer of knowledge to support the use of
study findings. The primary audiences for dissemination will
include health organisations, the medical research commu-
nity, the medical device industry and social stakeholders such
as policymakers and key opinion leaders. A comprehensive
dissemination strategy will be developed to maximise the
reach and impact of the clinical results.

All information about LIVERATION can be assessed at
the project’s website https://liveration.eu/team/

Patient and public involvement

Patients were not directly involved in the design and conduct
of this research. However, patients will be asked to support the
setting of the outcome measures for the QoL questionnaires
and help to decide about the most appropriate ones. Once
the trial has been published, results will be communicated
to keep people informed throughout the project, reporting
negative and positive results.

Author affiliations

'Department of HBP Surgery, Hospital del Mar, Barcelona, Catalunya, Spain
%Hospital del Mar Research Institute IMIM, Barcelona, Catalunya, Spain

SUniversitat Pompeu Fabra, Barcelona, Catalunya, Spain

“Department of HBP Surgery, IRCCS Ospedale San Raffaele, Milan, Lombardy, ltaly
SDepartment of HBP Surgery, Fondazione PTV Policlinico Tor Vergata, Roma, Lazio,
[taly

®Department of HBP Surgery and Liver Transplantation, Beaujon Hospital, Assistance
Publique Hopitaux de Paris, University of Paris Cité, Clichy, lle-de-France, France
"Department of HBP Surgery, San Camillo Forlanini Hospital, Roma, Lazio, Italy
8Department of HBP Surgery and Liver Transplantation, Hospital Universitario Reina
Sofia, Cérdoba, Andalucia, Spain

®Liver, Biliary and Pancreatic Unit. Department of General and Digestive Surgery,
Hospital Clinico Universitario of Valencia. Department of Surgery. University of
Valencia. Biomedical Research Institute, INCLIVA, Valencia, Spain

'%Department of HBP Surgery, Norbert Barlicki Memorial University Hospital,
Medical University of Lodz, Lodz, Poland

"Unit of Hepato-Biliary and Pancreatic Surgery, “F. Miulli” General Hospital, 70021
Acquaviva delle Fonti, Bari, Italy

'2Department of Medicine and Surgery, LUM University, 70010 Casamassima, Bari,
Italy

3service of General and Digestive Surgery, Sanchinarro University Hospital, Clara
Campal Oncological Center, Health Sciences Faculty, HM Hospitals. Carrillo José
Cela University, Madrid, Community of Madrid, Spain

14Department of General, Transplant and Liver Surgery, Medical University of
Warsaw, Warsaw, Poland

SDepartment of HBP Surgery, Kantonsspital Winterthur, Winterthur, Zurich,
Switzerland

'6Department of HBP Surgery, Istituto Nazionale Tumori IRCCS Fondazione Pascale,
Naples, Campania, Italy

"Department of HBP Surgery, Metaxa Cancer Hospital of Piraeus, Piraeus, Attika,
Greece

"8Department of HBP Surgery, Agios Savvas General Cancer and Oncology Hospital
of Athens, Athens, Attica, Greece

'SDepartment of HBP Surgery, Medical University of Silesia in Katowice, Department
of General, Vascular and Transplant Surgery, Katowice, Silesian Voivodeship, Poland
2Department of HBP Surgery, Hospital Universitari de Girona Doctor Josep Trueta,
Girona, Catalunya, Spain

ZDepartment of Primary Education, University of loannina, loannina, Greece

8 Luque Villalobos E, et al. BMJ Open 2025;15:¢100518. doi:10.1136/bmjopen-2025-100518

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq paloalold
"1s8nb Aq 9z0z ‘/ 111dy uo jwod fwg uadolwa//:diy wolj pepeojumod ‘SZ0Z J18qWIBAON #Z U0 8TS00T-G202-uadolwa/9eTT 0T se paysiignd 1saiy :usado rING


https://liveration.eu/team/
http://bmjopen.bmj.com/

ZDepartment of General Surgery and Surgical Oncology; Chair of Surgical Oncology,
The Regional Hospital in Poznan —The Greater Poland Specialist Center; Collegium
Medicum, University of Zielona Géra, Poznan, Zielona Gora, Poland

ZDepartment of HBP Surgery, National and Kapodistrian University of Athens
General Hospital of Athens Laiko, Athens, Attica, Greece

Avedis Donabedian Instituto Universitario UAB, Barcelona, Spain

SUniversitat Autonoma de Barcelona, Barcelona, Spain

%Research Network on Chronicity Primary Care and Prevention and Health
Promotion, Madrid, Spain

ZShine 2Europe, Coimbra, Portugal

%University Hospital of Strasbourg, Department of HBP Surgery, Nouvel Hopital Civil,
Strasbourg, France

ZDepartment of HBP Surgery, Paul Brousse Hospital, Villejuif, fle-de-France, France
Department of Radiology, Hospital del Mar, Barcelona, Catalunya, Spain
*'Department of HBP Surgery, General Hospital of Athens Ippokrateio, Athens, Attica,
Greece

%2Department of Abdominal Surgery, University Medical Centre Ljubljana, Ljubljana,
Slovenia

%Department of HBP Surgery, General University Hospital of Larissa, Larissa,
Thessaly, Greece

Acknowledgements We thank ECRIN (European Clinical Research Infrastructure
Network), IDIPAZ (Instituto de Investigacion Sanitaria del Hospital Universitario

La Paz) and SACSIS (Sociedad para el Avance Cientifico) for their assistance with

trial management and coordination, and for comments that greatly improved the

manuscript.

Contributors PSV, Bl and FB conceived the study and developed the initial
protocol. ELV and PSV drafted the manuscript. PSV, Bl and FB revised the
manuscript critically for important intellectual content. All authors read and
approved the final manuscript. PSV is the guarantor for the study.

Funding LIVERATION is funded by the European Union under the Horizon Europe
Framework Programme (Project Number: 101104360). Views and opinions
expressed are however those of the author(s) only and do not necessarily reflect
those of the European Union or the Horizon Europe Framework Programme. Neither
the European Union nor the granting authority can be held responsible for them.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Eduardo Luque Villalobos https://orcid.org/0009-0005-4155-4354
Benedetto lelpo https://orcid.org/0000-0003-3129-3208

Christos Christogiannis https://orcid.org/0000-0003-1157-3050
Dimitris Mavridis https://orcid.org/0000-0003-1041-4592

Carola Orrego https://orcid.org/0000-0002-2978-6268

Tomasz Pilat https://orcid.org/0009-0006-7507-9931

REFERENCES

1 Fletcher R, Wang Y-J, Schoen RE, et al. Colorectal cancer
prevention: Immune modulation taking the stage. Biochim Biophys
Acta Rev Cancer 2018;1869:138-48.

2 Ferlay J, Colombet M, Soerjomataram I, et al. Cancer incidence and
mortality patterns in Europe: Estimates for 40 countries and 25 major
cancers in 2018. Eur J Cancer 2018;103:356-87.

3 Nordlinger B, Van Cutsem E, Rougier P, et al. Does chemotherapy
prior to liver resection increase the potential for cure in patients with
metastatic colorectal cancer? A report from the European Colorectal
Metastases Treatment Group. Eur J Cancer 2007;43:2037-45.

4 Akgil O, Cetinkaya E, Ersdz S, et al. Role of surgery in colorectal
cancer liver metastases. WJG 2014;20:6113.

5 Engstrand J, Nilsson H, Strdmberg C, et al. Colorectal cancer liver
metastases - a population-based study on incidence, management
and survival. BMC Cancer 2018;18:78.

6 Van Cutsem E, Nordlinger B, Adam R, et al. Towards a pan-European
consensus on the treatment of patients with colorectal liver
metastases. Eur J Cancer 2006;42:2212-21.

7 Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries. CA A Cancer J Clinicians 2021;71:209-49.

8 Truant S, Séquier C, Leteurtre E, et al. Tumour biology of colorectal
liver metastasis is a more important factor in survival than surgical
margin clearance in the era of modern chemotherapy regimens. HPB
(Oxford) 2015;17:176-84.

9 Sadot E, Groot Koerkamp B, Leal JN, et al. Resection margin and
survival in 2368 patients undergoing hepatic resection for metastatic
colorectal cancer: surgical technique or biologic surrogate? Ann Surg
2015;262:476-85; .

10 Margonis GA, Sergentanis TN, Ntanasis-Stathopoulos |, et al.
Impact of Surgical Margin Width on Recurrence and Overall Survival
Following RO Hepatic Resection of Colorectal Metastases: A
Systematic Review and Meta-analysis. Ann Surg 2018;267:1047-55.

11 Figueras J, Torras J, Valls C, et al. Surgical Resection of Colorectal
Liver Metastases in Patients with Expanded Indications: A Single-
Center Experience with 501 Patients. Diseases of the Colon &
Rectum 2007;50:478-88.

12 Are C, Gonen M, Zazzali K, et al. The impact of margins on
outcome after hepatic resection for colorectal metastasis. Ann Surg
2007;246:295-300.

13 Burdio F, Navarro A, Berjano E, et al. A radiofrequency-assisted
device for bloodless rapid transection of the liver: a comparative
study in a pig liver model. Eur J Surg Oncol 2008;34:599-605.

14 Quesada R, Poves |, Berjano E, et al. Impact of monopolar
radiofrequency coagulation on intraoperative blood loss during
liver resection: a prospective randomised controlled trial. Int J
Hyperthermia 2017;33:135-41.

15 Kianmanesh R, Ogata S, Paradis V, et al. Heat-zone effect after
surface application of dissecting sealer on the “in situ margin” after
tumorectomy for liver tumors. J Am Coll Surg 2008;206:1122-8.

16 Sui MH, Wan®g HG, Chen MY, et al. Assessment of the effect of the
Aquamantys™ system on local recurrence after hepatectomy for
hepatocellular carcinoma through propensity score matching. Clin
Transl Oncol 2019;21:1634-43.

17 Villamonte M, Burdio F, Pueyo E, et al. The impact of additional
margin coagulation with radiofrequency in liver resections with
subcentimetric margin: can we improve the oncological results? A
propensity score matching study. Eur J Surg Oncol 2022;48:82-8.

18 Chan A-W, Tetzlaff JM, Gotzsche PC, et al. SPIRIT 2013 explanation
and elaboration: guidance for protocols of clinical trials. BMJ
2013;346:7586.

19 Navarro A, Burdio F, Berjano EJ, et al. Laparoscopic blood-saving
liver resection using a new radiofrequency-assisted device:
preliminary report of an in vivo study with pig liver. Surg Endosc
2008;22:1384-91.

20 Vogel A, Chan SL, Dawson LA, et al. Hepatocellular carcinoma:
ESMO Clinical Practice Guideline for diagnosis, treatment and
follow-up. Ann Oncol 2025;36:491-506.

21 Clavien PA, Barkun J, de Oliveira ML, et al. The Clavien-Dindo
Classification of Surgical Complications. Ann Surg 2009;250:187-96.

22 Slankamenac K, Graf R, Barkun J, et al. The comprehensive
complication index: a novel continuous scale to measure surgical
morbidity. Ann Surg 2013;258:1-7.

23 Koch M, Garden OJ, Padbury R, et al. Bile leakage after hepatobiliary
and pancreatic surgery: a definition and grading of severity by the
International Study Group of Liver Surgery. Surgery 2011;149:680-8.

24 Aaronson NK, Ahmedzai S, Bergman B, et al. The European
Organization for Research and Treatment of Cancer QLQ-C30: a
quality-of-life instrument for use in international clinical trials in
oncology. J Natl Cancer Inst 1993;85:365-76.

Luque Villalobos E, et al. BMJ Open 2025;15:¢100518. doi:10.1136/bmjopen-2025-100518

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq paloalold
"1s8nb Aq 9z0z ‘/ 111dy uo jwod fwg uadolwa//:diy wolj pepeojumod ‘SZ0Z J18qWIBAON #Z U0 8TS00T-G202-uadolwa/9eTT 0T se paysiignd 1saiy :usado rING


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0005-4155-4354
https://orcid.org/0000-0003-3129-3208
https://orcid.org/0000-0003-1157-3050
https://orcid.org/0000-0003-1041-4592
https://orcid.org/0000-0002-2978-6268
https://orcid.org/0009-0006-7507-9931
http://dx.doi.org/10.1016/j.bbcan.2017.12.002
http://dx.doi.org/10.1016/j.bbcan.2017.12.002
http://dx.doi.org/10.1016/j.ejca.2018.07.005
http://dx.doi.org/10.1016/j.ejca.2007.07.017
http://dx.doi.org/10.3748/wjg.v20.i20.6113
http://dx.doi.org/10.1186/s12885-017-3925-x
http://dx.doi.org/10.1016/j.ejca.2006.04.012
http://dx.doi.org/10.3322/caac.21660
http://dx.doi.org/10.1111/hpb.12316
http://dx.doi.org/10.1111/hpb.12316
http://dx.doi.org/10.1097/SLA.0000000000001427
http://dx.doi.org/10.1097/SLA.0000000000002552
http://dx.doi.org/10.1007/s10350-006-0817-6
http://dx.doi.org/10.1007/s10350-006-0817-6
http://dx.doi.org/10.1097/SLA.0b013e31811ea962
http://dx.doi.org/10.1016/j.ejso.2007.05.008
http://dx.doi.org/10.1080/02656736.2016.1231938
http://dx.doi.org/10.1080/02656736.2016.1231938
http://dx.doi.org/10.1016/j.jamcollsurg.2007.12.006
http://dx.doi.org/10.1007/s12094-019-02092-0
http://dx.doi.org/10.1007/s12094-019-02092-0
http://dx.doi.org/10.1016/j.ejso.2021.06.008
http://dx.doi.org/10.1136/bmj.e7586
http://dx.doi.org/10.1007/s00464-008-9793-3
http://dx.doi.org/10.1016/j.annonc.2025.02.006
http://dx.doi.org/10.1097/SLA.0b013e3181b13ca2
http://dx.doi.org/10.1097/SLA.0b013e318296c732
http://dx.doi.org/10.1016/j.surg.2010.12.002
http://dx.doi.org/10.1093/jnci/85.5.365
http://bmjopen.bmj.com/

25 Blazeby JM, Currie E, Zee BCY, et al. Development of a questionnaire

26

27

28

29

module to supplement the EORTC QLQ-C30 to assess quality of life
in patients with hepatocellular carcinoma, the EORTC QLQ-HCC18.
Eur J Cancer 2004;40:2439-44.

NHS England. National Cancer Patient Experience Survey, Available:

https://www.ncpes.co.uk [Accessed 19 Jul 2023].

Hemming K, Marsh J. A Menu-Driven Facility for Sample-Size
Calculations in Cluster Randomized Controlled Trials. The Stata
Journal: Promoting Communications on Statistics and Stata
2013;13:114-35.

Quesada R, Moreno A, Poves |, et al. The impact of radiofrequency-
assisted transection on local hepatic recurrence after resection of
colorectal liver metastases. Surg Oncol 2017;26:229-35.

Rstudio team. In: RStudlio: Integrated Development for R. Boston,
MA: RStudio, PBC, 2020. Available: http://www.rstudio.com

30

31

32

33

34

Therneau T. A package for survival analysis in r. R Package Version;
2023.3.

Kassambara A, Kosinski M, Biecek P. Survminer: drawing survival
curves using 'ggplot2. R package version 0.5.0; 2024.

Campbell MK, Piaggio G, Elbourne DR, et al. Consort 2010
statement: extension to cluster randomised trials. BMJ
2012;345:bmj.e5661.

Royston P, Parmar MKB. Restricted mean survival time: an
alternative to the hazard ratio for the design and analysis of
randomized trials with a time-to-event outcome. BMC Med Res
Methodol 2013;13:152.

Burdio F, Grande L, Berjano E, et al. A new single-instrument

technique for parenchyma division and hemostasis in liver resection:

a clinical feasibility study. The American Journal of Surgery
2010;200:e75-80.

10

Luque Villalobos E, et al. BMJ Open 2025;15:¢100518. doi:10.1136/bmjopen-2025-100518

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq paloalold
"1s8nb Aq 9z0z ‘/ 111dy uo jwod fwg uadolwa//:diy wolj pepeojumod ‘SZ0Z J18qWIBAON #Z U0 8TS00T-G202-uadolwa/9eTT 0T se paysiignd 1saiy :usado rING


http://dx.doi.org/10.1016/j.ejca.2004.06.033
https://www.ncpes.co.uk
http://dx.doi.org/10.1177/1536867X1301300109
http://dx.doi.org/10.1177/1536867X1301300109
http://dx.doi.org/10.1016/j.suronc.2017.04.004
http://www.rstudio.com
http://dx.doi.org/10.1136/bmj.e5661
http://dx.doi.org/10.1186/1471-2288-13-152
http://dx.doi.org/10.1186/1471-2288-13-152
http://dx.doi.org/10.1016/j.amjsurg.2010.02.020
http://bmjopen.bmj.com/

	LIVERATION trial: a multicentre ﻿﻿European﻿﻿ randomised study on radiofrequency margin coagulation and its impact on oncological outcomes after liver surgery – study protocol
	Abstract
	Introduction﻿﻿
	﻿﻿Materials and methods﻿﻿
	Study design
	Study population and eligibility criteria
	Trial-specific interventions
	Arm 1 (control group)
	Arm 2 (study group)


	Data capture and trial endpoints
	Patient timeline and trial visits
	Calculation and justification of the sample size
	Randomisation
	Blinding
	Data management, statistical analyses and quality assurance
	Data management

	Statistical methods
	Quality assurance/data monitoring/data-sharing plan
	Serious adverse events
	Duration and schedule
	Ethics and dissemination
	Dissemination and publication policy
	Patient and public involvement

	References


