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Abstract

Background This trial wants to ascertain whether the RAPID procedure could improve graft availability and patient
survival in hepatocellular carcinoma (HCC) setting. RAPID-HCC trial, which aims to decrease waiting times and mor-
tality for patients on the transplant list by adopting a novel surgical approach, could be a major step forward in liver
transplantation (LT). If successful, the RAPID procedure could become a new standard of care for LT, addressing

the critical shortage of organs and improving outcomes for selected patients with early-stage HCC. We expected

to provide critical evidence to support the wider adoption of this new approach.

Methods The RAPID-HCC trial is a prospective, multicentre study conducted across five major university hospitals
in France aiming to assess the feasibility, safety, tolerance, and efficacy of the RAPID procedure on HCC patients.

A total of 50 adult HCC patients with preserved liver function (MELD score < 15) will be enrolled and 34 of these

will receive a split liver graft from a brain-dead donor (DBD). The RAPID procedure consists in splitting a deceased
donor liver and transplanting it into two adult recipients. The operation consists of two phases: first, the donor’s left
lateral lobe (G23) replaces the recipient’s left liver lobe (H1234), while the native right lobe stays to support hepatic
function. The recipient’s right lobe (H5678) is removed four months later, leaving the graft fully functional. Primary
outcomes will focus on the feasibility and safety of the procedure, assessed by successful completion of both surgi-
cal stages and monitoring for adverse events. Secondary outcomes will include graft and patient survival, incidence
of rejection and HCC recurrence, waiting times and overall patient outcomes compared to conventional whole liver
transplantation.

Discussion Early insights from several studies hint that the RAPID method might improve graft availability and recipi-
ent survival. Still, further studies are needed to confirm these benefits, especially for HCC patients.
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adopted as a new standard for LT.

of inclusion.
Project Code: APHP210351 / N° IDRCB: 2022-A02151-42.

Delayed hepatectomy

RAPID HCC trial pushes forward liver transplants for HCC patients who still have good liver function. This method
could reduce waiting times and mortality in transplant candidates. If successful, the RAPID procedure could be
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Introduction

Background and rationale {6a}

Hepatocellular carcinoma (HCC) represents the sixth
most common cancer globally and is the most prevalent
primary liver tumour, with more than 8,000 new cases
diagnosed annually in France. In 90% of cases, HCC
develops in the context of fibrosis/cirrhosis paren-
chyma [1]. Curative treatments include liver resection,
liver transplantation (LT), and local destruction. No
chemotherapy has been demonstrated to be an effec-
tive curative treatment. LT is an optimal treatment for
HCC as it addresses both the tumour and the under-
lying liver disease, the primary risk factor for HCC.
Extensive literature comparing resection with LT con-
cludes that LT is the optimal treatment despite initial
morbidity and mortality risks. However, organ short-
ages prevent universal availability of LT for HCC [2].
Current recommendations advocate LT for all patients
with one or more HCCs (BCLC stage A) who are non-
surgical candidates due to severe liver failure or por-
tal hypertension [3, 4]. HCC is the primary indication
for LT in France; however, HCC patients frequently
lack liver insufficiency, which constrains access to LT
despite specific allocations. In these cases, the mean
waiting time for LT is 12-18 months, with a delisting
rate of 15-20% due to tumour progression or death
[5], and only 66% of listed patients receive a transplant
within two years. Improving access to transplantation is
imperative, but limited by organ shortage. Shortening
the LT waitlist for HCC has been debated due to con-
cerns about reduced recipient selection and potential
risk of relapse. However, the consensus is that there is
no increased risk despite “selection by time” A com-
parison of deceased donor liver transplantation (DDLT)
and living donor liver transplantation (LDLT) found
similar recurrence and survival rates, with the shorter
waiting time of LDLT, preventing patient dropout [6]. A
meta-analysis supports these findings and suggests that
shorter waiting times and alternative strategies improve
organ availability [7].

The RAPID LT technique has been already described
and consists of an auxiliary LT with a staged hepatec-
tomy, specifically designed for this purpose. This strategy
gives rapid access to a graft offered to a prioritized recipi-
ent at the top of the list.

Liver shortage is a global challenge that requires new
alternatives to increase the supply of organs. In France,
Europe and the USA [8], adult LT mainly uses whole
grafts from Brain Dead Donors (DBDs). In Asia and the
Mediterranean region, however, partial grafts are more
common, often from living donors [9, 10]. In Europe,
partial LT is rare but possible with LDLT or split cadav-
eric grafts [11, 12]. Splitting a whole graft to create two
partial liver grafts effectively increases the number of
organs available [13] and is commonly used in paediatric
transplantation. However, left lateral lobe transplanta-
tion in adults is associated with high complication rates,
leading to its abandonment in France. Conversely, right
liver transplants (G45678) in adults have survival rates
comparable to whole organ transplants [14, 15]. Split-
ting an organ for transplantation in two adults (i.e. right
[G5678]/left [G1234] livers) could theoretically almost
double the number of transplants but this procedure is
often limited by donor morbidity and anatomical contra-
indications regarding right-sided graft [16]. Secondly,
European results of left split LT remain disappointing
with high risk of small-for-size-syndrome [17, 18], thus
limiting enthusiasm for LT with left livers. Supportive
partial auxiliary LT has the potential to expand the organ
pool without the risk of liver failure. Despite the techni-
cal challenges, recent advances have led to improved out-
comes and there have been reports of excellent patient
and graft survival rates in patients with chronic liver
disease who have undergone auxiliary partial allografts
[19-22].

The RAPID-HCC trial aims to evaluate the feasibility,
as well as the outcomes and the graft “gain” of a stand-
ardized RAPID procedure using a small graft from a
split whole deceased donor graft. The RAPID procedure
has been applied to primary or secondary liver tumors,
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with ongoing European trials in metastatic liver dis-
ease (NCTO02215889 and NCT03488953) (https://trial
finder.panfoundation.org/en-US/trial/listing/87796)
[23]. Approximately ten published RAPID cases [24-30]
showed successful partial hepatectomy and left partial
accessory graft transplantation, followed by complete
hepatectomy of the native liver after an average of three
weeks. Mid-term results were excellent with no small for
size syndrome or increased risk of cancer recurrence. The
literature also reports 27 orthotopic liver transplants in
patients with chronic liver disease + HCC, supporting the
RAPID procedure [20]. Notably, our team was the first to
report this protocol in a cirrhotic patient [13]. This multi-
centre study aims to address the challenges of LT in HCC
patients with an innovative surgical technique.

Objectives {7}

We aim to assess the clinical feasibility, tolerability, out-
comes and overall graft gain via the implementation of
a standardized RAPID procedure in HCC patients. Key
objectives will evaluate the procedural feasibility of graft
splitting, including both technical aspects and logistical
challenges. Tolerability will be assessed by monitoring
the recipient’s ability to tolerate the surgical procedure
and the immediate post-operative period without signifi-
cant adverse events. Clinical outcomes will be measured
by graft function, patient survival and complication rates
with a focus on small for size syndrome, graft dysfunc-
tion and vascular or biliary complications. In addition,
the study will quantify the increase in transplantable
organ availability. By splitting a single liver graft for two
recipients, this procedure could alleviate the organ short-
age crisis and potentially double transplantation capac-
ity. The results of the RAPID-HCC trial will be compared
to standard LT using whole grafts, focusing on survival,
graft function and overall patient health. The RAPID
HCC trial is hypothesized to demonstrate comparable
clinical outcomes, increase organ availability, reduce
patient dropout and improve survival.

Trial design {8}

The RAPID-HCC trial (Resection and partial liver trans-
plantation with delayed total hepatectomy for Hepa-
tocellular Carcinoma) has been designed as a national,
multicentric, non-randomized, prospective trial evaluat-
ing the feasibility and the tolerance of the RAPID pro-
cedure in HCC patients (with preserved liver function)
requiring a liver transplantation.

Study setting {9}

The study will be conducted across five France transplan-
tation centers. With the final objective of performing
the RAPID procedure on 34 patients, the RAPID-HCC
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trial will enroll 50 patients with HCC with preserved
liver function but requiring LT according to the usual
transplant criteria. The trial's maximum duration is 70
months, comprising a 24-month enrollment period, a
6-month interval between selection and enrollment, up
to 12 months from enrollment to the first RAPID stage, a
maximum 4-months between the two RAPID steps, and
a 24-month patient follow-up period after the second
RAPID stage.

Eligibility criteria {10}
Eligibility criteria will concern the donors and the
recipients.

Donor selection criteria

+ Brain-dead donor

+ Age: 18 to 65 years

+ Hepatic vascular and biliary anatomy compat-
ible with performing a split. The analysis, based on
the donor’s CT scan, will be provided by the team
responsible for executing the split.

+ Biological and hepatic profile compatible with per-
forming a split, specifically transaminases <4 times
the normal level

+ Graft not assigned to a protocol requiring machine
perfusion

+ Serologies: Anti-HBc and anti-HCV antibodies nega-
tive

Recipient selection criteria (RAPID Recipient)

+ Age: 18 to 68 years

+ Indication for LT for HCC validated in a multidisci-
plinary meeting

o AFP score <2 [15, 31]

+ Body mass index (BMI) <30 kg/m.2

+ MELD score <15, without access to prioritization

« PET CT-choline and PET CT-FDG, or MRI, showing
no signs of extra-hepatic oncologic disease, deemed
significantly at risk by the Scientific Committee

« DPatient informed and able to provide written consent
to participate in the RAPID-HCC study

« Affiliation to the French national social security system

+ Validation of the patient’s inclusion in the RAPID-
HCC protocol by the scientific committee

Recipient exclusion criteria

+ History of liver transplantation, surgical or radiologi-
cal portocaval anastomosis (TIPS)

+ History of major abdominal surgery (including hepa-
tectomy)
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+ History of abdominal extra-hepatic radiotherapy

+ History of acute or chronic pancreatitis

+ Expected combined transplantation

+ HCC located at a distance <1 cm from the transec-
tion line required by the first-stage hepatectomy

+ Portal or arterial thrombosis

+ Pre-transplant portocaval gradient > 20 mmHg

+ Presence of more than one HCC lesion in the right
liver requiring partial hepatectomy during the first-
stage surgery

+ Hepatectomy in the future remaining liver involving
a resected volume greater than one hepatic segment

+ Presence of ascites (clinical or radiological) within
the past 5 years, considered at risk by the Scientific
Committee

« Dositive hepatitis C viral load

+ Acute or chronic active hepatitis B (HBs antigen
detected by serology)

+ Positive HIV serology

+ Severe comorbidities, particularly severe cardiovas-
cular, respiratory, or renal pathology (at the discre-
tion of the medical-surgical team)

« Patient on anticoagulant therapy

+ Ongoing mechanical ventilation

« Patient requiring inotropic support

+ Highly sensitized recipient

« DPatient who has received (or is expected to receive)
preoperative treatment with radioembolization of
the right side, hepatectomy, or radiotherapy near the
hilum

« Patient who has received (or is expected to receive)
preoperative treatment with tyrosine kinase inhibi-
tors (TKI) within the last three months

« Datients receiving or having received immunotherapy

+ Adults under legal protection measures (guardian-
ship, curatorship, or judicial protection)

«+ DPatients deprived of liberty by judicial or administra-
tive decision

+ Pregnant or breastfeeding women

+ DPsychological or psychiatric disorders that would
compromise proper follow-up

Interventions

Explanation for the choice of comparators {6b}

The standard French liver allocation policy will be fol-
lowed. In accordance with an agreement with the Agence
de Biomédecine (France), recipients of RAPID will be
accorded priority status (800 points at six months),
thereby ensuring their expedited access to LT. The con-
trol group comprises patients listed for HCC with the
same matching criteria as the experimental arm, dur-
ing the same time period as the study, in all French liver
transplant centers, and in active status (not temporarily
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contra-indicated). Group matching will be based on date
of listing (+ 6 months), sex, age (< 50/> 50 years), alpha-
fetoprotein level (< 100/> 100 umol/L), underlying liver
disease (alcohol, viral, metabolic, other), pre-transplant
treatment (yes/no, regardless of type) and MELD score
(< 11/> 11). Matching will be performed to optimize the
number of control patients analyzed (from 1 RAPID/1
control to 1 RAPID/4 controls). These data will be made
available by the ABM at the end of the study. A second
matching will be performed between RAPID patients and
control patients who have undergone liver transplanta-
tion. The groups will be matched using the same criteria
as the previous matching. This matching will be used to
compare two-year post-transplant survival between the
groups.

Intervention description {11a}

The RAPID-HCC trial is a prospective, multicentric
study investigating an innovative approach to LT. Two
adult recipients will be transplanted with split grafts
from a deceased donor. The right-sided graft recipient is
excluded from the study because extensive experience in
pediatric LT sharing showed that right lobe transplants
have comparable outcomes to whole liver transplants [15,
16]. This study will focus on left lateral lobe (G23) recipi-
ents with one or more HCCs and preserved liver func-
tion. Optimizing the logistics of procurement, splitting
and transport to minimize cold ischaemia time for both
grafts is critical. All participating centers are commit-
ted to reducing cold ischemia time, with an 8-h limit as a
target but not an exclusion criterion. Donors located far
from the transplant site and accessible only by air will be
included, but longer cold ischaemia times will need to be
considered. The teams will assess these logistical parame-
ters when accepting or rejecting a graft. If prolonged cold
ischaemia is anticipated, the investigators will decline
the proposed organ. The liver graft may be divided either
in situ or ex situ, depending on logistical requirements
and team preference. The recipient’s hepatectomy will
be performed in two stages, separated by no more than
four months. The first stage is preferentially a left hemi
hepatectomy (H234 + Spiegel lobe resection) resecting
the end of middle hepatic vein, combined to a left lateral
lobe transplantation and, if necessary, portal flow modu-
lation to prevent portal hypertension. During this sur-
gery, any potential HCC in the remnant right liver might
be treated to ensure that no active nodules remain. Up to
four months after the initial surgery, a right hemi hepa-
tectomy (H5678) of the remnant native liver will be per-
formed once satisfactory hypertrophy of the implanted
left lateral lobe has been achieved. This decision will be
made on a case-by-case basis after multidisciplinary
assessment, taking into account potential complications,
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graft recovery and the patient’s condition. Graft hyper-
trophy and functional improvement will be monitored
by multimodal assessment and the interval between the
two phases will be minimized, taking into account any
complications and graft function. Each patient will be fol-
lowed for up to two years after the second phase of the
RAPID procedure to document surgical complications
and to assess the graft and the patient’s overall and onco-
logic status. Any changes to the immunosuppression pro-
tocol compared to standard liver transplantation will be
implemented as needed.

Technical consideration of liver splitting

Consistent with current practice for pediatric split liver
transplantation, the surgical team will decide whether
to split either in situ (prior to aortic clamping), which
is the preferred method, or ex vivo at 4 °C during the
back-table procedure, once the organ is received at the
transplant centre. Splitting on perfusion machine will be
allowed. The whole-liver will be then split into two allo-
grafts (right lobe and left lateral lobe). The grafts will be
allocated by the ABM according to national distribution
rules. The split will be conducted by a senior surgeon
experienced in hepatic surgery. The RAPID graft is a left
lateral lobe (G23), including the left hepatic vein, with

Right hepatectomy (H5678)
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possible inclusion of the scissural and the termination
of the median hepatic vein (common trunk). This will
facilitate a broad venous anastomosis (on both common
trunks), reducing the risk of outflow block once the graft
hypertrophies. The RAPID graft also includes the com-
plete arterial axis up to the celiac trunk, the entire por-
tal venous axis, and the left hepatic duct. An iliac arterial
and venous graft from the donor will be also provided for
reconstruction, if necessary. The right graft will include
the right lobe with the inferior vena cava and the mid-
dle hepatic with its reconstruction. The right graft also
includes the common bile duct, the right portal branch,
and the right hepatic artery branch.

Surgical technique: first stage

In the first stage of surgery, left hemi-hepatectomy
including resection of the Spiegel lobe (H1234) will be
performed and the native left liver will be replaced with
the RAPID small graft, while the native right liver will be
left intact (Fig. 1).

There are several steps to this procedure. First, por-
tal and central venous pressures, as well as portal and
hepatic arterial flowmetry will be measured to establish
baseline hemodynamics. Based on this information, por-
tal modulation will be performed at the end of surgery, if

[ Left-sided HCC |

»
‘ First Stage ‘
RAPID-graft implantation
Second Stage
- B Zf.de

Fig. 1 Two stages of RAPID protocol. First Stage: In case of left-sided HCC, left hepatectomy (H1234) will be performed and the native left liver
will be replaced with the RAPID small graft (G23), while the native right liver will be left intact. In case of right-sided HCC, the HCC must have
been pre-operatively controlled by TACE or thermoablation technic. If persistent tumour activity in the right liver despite preoperative treatment,
limited resection/radioablation of active HCC will be performed concomitantly with the left hepatectomy. This is followed by a left hepatectomy
including resection of the Spiegel lobe (H1234) and the terminal branches of the middle hepatic vein to allow subsequent anastomosis

of the common venous trunks. The native right liver will not be mobilized. Second Stage: A right hepatectomy (H5678) will be carried out using

the same abdominal incision
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required. In case of persistent tumour activity in the right
liver despite preoperative treatment, radiofrequency or
microwave ablation or limited resection of HCC will be
performed. This is followed by a left hepatectomy includ-
ing resection of the Spiegel lobe (H1234) and the terminal
branches of the middle hepatic vein to allow subsequent
anastomosis of the common venous trunks. The native
right liver will not be mobilized.
The RAPID graft implantation involves:

+ venous anastomosis between the common venous
trunks,

« portal anastomosis between the donor portal vein
and the recipient portal vein (preferably avoiding the
left portal branch), ideally in a side-to-end fashion,

« arterial anastomosis between the celiac trunk of the
graft to the common (or proper) hepatic artery or the
stump of left hepatic artery or splenic artery of the
recipient,

+ biliary anastomosis with an hepaticojejunostomy
between the left biliary duct and jejunum with a
R-and-Y reconstruction.

At the end of the operation, portal and central pres-
sures and flowmetry are remeasured to determine the
need for portal modulation. The decision and type of
modulation is at the surgeon’s discretion. With strict
patient selection, modulation is often avoidable. Key
principles include measuring portal pressure after graft
reperfusion, when the patient is flat and hemodynami-
cally stable (Table 1).

Monitoring during interstage

In addition to the usual monitoring for all transplanted
patients, which is at the discretion of each team, RAPID-
HCC imposes specific rules. The maximum duration
to perform the second stage is 4 months, with no fixed

Page 6 of 16

minimum duration; this will be decided on a case-by-
case basis after approval by the surgical, anesthetic and
hepatology teams. Daily graft US-Doppler is required for
the first week. On day 7, an abdominal CT or MRI with
contrast is performed, followed by repeat imaging every
21 days until the second stage to monitor liver volume. A
minimal graft volume/body weight ratio of at least 0.8 is
required. Scintigraphy with mebrofenin or another imi-
nodiacetic acid derivative is performed every 21 days to
evaluate graft function recovery and determine the func-
tional shift to the left side, authorizing the second stage,
with a desired left liver function of greater than 50% of
total hepatic function. Depending on centres protocols,
ICG plasma clearance might also be measured every 21
days to assess overall liver function. In rare cases, right
portal embolization may be required to stimulate graft
hypertrophy. The medical team will decide where the
patient will recover after surgery, whether in the inten-
sive care unit, standard ward or discharged from hospital.

Surgical technique: second stage

A right hepatectomy (H5678) will be carried out using
the same abdominal incision. Before and after clamping
the right pedicle elements, portal and central pressures,
as well as flowmetry, will be measured to assess the need
for potential portal modulation. Additionally, a surgical
biopsy of the graft may be performed (Figs. 1 and 2).

Criteria for discontinuing or modifying allocated
interventions {11b}

Several scenarios will be considered if any stage of the
RAPID-HCC trial must be stopped prematurely:

« If the patient experiences disease progression while
awaiting liver transplantation (LT) or meets any

Table 1 Algorithm for management of elevated Portal Vein Pressure (PVP) in liver transplantation

PVP—Portal Vein Pressure

Portal Modulation intervention

PVP<15mmHg
PVP>15mmHg

No modulation required
Portal flow modulation is required until PVP is <15 mmHg

1. Somatostatin injection IV bolus 250 ug followed
by intravenous 250 pg/hour

2. Splenic artery ligation

3. Partial portal vein ligation (banding)
4. Calibrated portocaval shunt

5. Splenectomy

Flowchart illustrating the sequential interventions recommended to achieve and maintain portal vein pressure (PVP) <15 mmHg after graft reperfusion. Initial
management begins with intravenous administration of somatostatin (bolus 250 pg followed by continuous infusion at 250 pg/hour). If target PVP remains unmet,
subsequent steps include splenic artery ligation, partial portal vein ligation (banding), calibrated portocaval shunt, and ultimately splenectomy, progressing

sequentially as needed until PVP <15 mmHg is achieved
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Fig. 2 Left lobe split-liver graft and graft implantation. A Anatomical aspect of the left lobe split-liver graft. The common portal trunk, complete
arterial hepatic trunk and left hepatic duct are preserved. The suprahepatic anatomy includes the common venous trunk with left hepatic

vein and the origin of the median vein. B The RAPID graft implantation involves (in color the graft, in grey the recipient): venous anastomosis
between the common venous trunks; portal anastomosis between the donor portal vein and the recipient portal vein (preferably avoiding the left
portal branch), ideally in a side-to-end fashion; arterial anastomosis between the celiac trunk of the graft to the common (or proper) hepatic artery
or the stump of left hepatic artery or splenic artery of the recipient; biliary anastomosis with an hepaticojejunostomy between the left biliary duct

and jejunum with a R-and-Y reconstruction

exclusion criterion (excluding age) after enrollment,
the patient will be withdrawn from the study. This
decision must be validated by the scientific com-
mittee. In such cases, the patient will not receive the
study intervention and will exit the RAPID-HCC
follow-up. Since the investigational procedure is
unlikely to cause ongoing side effects or complica-
tions, these patients will transition to standard clini-
cal care outside the protocol.

» If a patient dies while awaiting LT, the death will be
recorded as a dropout in the final analysis.

» If a contraindication to LT arises during the initial
RAPID phase, the patient will remain enrolled but
will be classified as a “RAPID failure” Follow-up for
these patients will continue for up to two years.

«+ Ifintra-abdominal or hepatic exploration during lap-
arotomy reveals that complete resection or ablation
of the right-sided tumor is not feasible, the patient
will be withdrawn from the RAPID-HCC protocol,
and the graft will be reassigned by the national trans-
plant authority (ABM).

All serious adverse events (SAEs) must be documented,
reported promptly to the study sponsor via email, and
tracked until resolution. Documentation should be

maintained both in the patient’s source file and electronic
case report form (eCRF). Follow-up methods will be
determined by the independent monitoring committee.

Strategies to improve adherence to intervention {11¢}

The study protocol does not prescribe specific strategies
for improving adherence to the intervention. Instead,
each investigator is encouraged to apply the adher-
ence strategies routinely used within their institution or
practice.

Relevant concomitant care permitted or prohibited

during the trial {11 d}

There are no additional restrictions other than those
listed in the non-inclusion criteria.

Outcomes {12}

Primary outcomes

The main objective of the RAPID-HCC trial is to evaluate
the feasibility and tolerability of the RAPID procedure in
patients diagnosed with hepatocellular carcinoma (HCC)
who have preserved liver function.
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The primary outcomes will include:

1. Successful Completion of RAPID Procedure. A suc-
cessful RAPID procedure is defined as completion of
both surgical stages without graft removal (explanta-
tion), patient survival, and no re-listing for transplan-
tation at four months following the second surgical
step. Conversely, RAPID is considered unsuccessful
if graft explantation, patient death, or re-listing for
transplantation occurs within four months after the
second surgical stage.

2. Tolerability of the RAPID Procedure. Tolerability
will be assessed based on adverse events specifically
linked to the procedure, beginning from the first sur-
gical intervention up to 90 days after the second sur-
gical stage. Morbidity after each surgical stage will be
evaluated using the standardized Clavien Classifica-
tion (CCI score) [32]:

After the first stage: Morbidity will be assessed at the
end of the auxiliary LT and until the second stage if it
occurs. If the second stage does not occur, morbidity
will be evaluated until day 90 (if the hospitalization
duration is less than 90 days) or until the end of hos-
pitalization (if the hospitalization duration exceeds
90 days).

After the second stage: Morbidity will be assessed
from the end of the second stage until day 90 (if the
hospitalization duration is less than 90 days) or until
the end of hospitalization (if the hospitalization dura-
tion exceeds 90 days).

Secondary outcomes
Secondary outcomes include the analysis of the graft
survival at 4 months from the first surgical stage and at
2 years post-transplantation and the patient survival at 2
years from listing and at 2 years post-transplantation.
The survival of RAPID grafts at 4 months from the
first surgical stage will be defined as a RAPID graft still
in place, regardless of whether the second surgical stage
has been performed, with non-survival defined as graft
explantation, patient re-listing, or patient death within 4
months of the first stage. Graft survival at 2 years post-
transplantation will be considered if the graft is still in
place; non-survival will be defined by patient death or
re-transplantation. The study will record the number of
patients who died from any cause within 2 years post-
listing and within 2 years post-transplantation (first stage
of RAPID). Histologically proven rejections within 2
years post-RAPID (post first stage) will be documented,
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excluding rejections on a second graft in case of re-trans-
plantation. The incidence, location, and timing of HCC
recurrences within 2 years post-first stage of RAPID will
be documented by typical imaging (CT or MRI), AFP
elevation, or histological evidence. The time between
listing on the waiting list and transplantation according
to RAPID (first stage) will be monitored in months. The
total number of additional grafts obtained according to
the RAPID protocol will be calculated as the number of
left lobes transplanted according to the RAPID proto-
col minus the number of re-transplantations, providing
a net organ gain. The number of right livers generated
and transplanted, as well as complete RAPID procedures
(excision of native liver) will be analyzed. The dropout
rate (exclusion from the transplantation programme) in
the RAPID group will be estimated and compared to the
control group. Finally, the waiting time between listing
and transplantation in the RAPID group will be com-
pared to the control group.

Participant timeline {13}
The trial time-line will include:

Selection visit

The selection visit occurs between 8 days and 6 months
before study enrollment. During this visit, participants
receive comprehensive study information. After an ade-
quate period for reflection, informed consent must be
obtained. Patients may sign consent the same day or after
a 7-day reflection period, but consent must precede the
pre-transplant evaluation. Enrollment in the trial is only
finalized after validation by the Scientific Committee.

A pre-transplant evaluation typically requires up to 3
months. If uncertainties arise, additional tests may extend
this by up to 3 additional months. Inclusion is officially
completed following standard and study-specific assess-
ments. After this, exemption points will be requested
from the Agence de Biomédecine (ABM), which requires
the RAPID-HCC registration number.

The standard assessment tests required by RAPID-
HCC as part of the pre-inclusion assessment will be:

+ Volumetry of the native liver (total liver, right liver,
left liver) from a recent abdominal CT scan, or MRI,

« Verification of the completion of double PET/CT
(choline +FDG), or MRI, routinely performed by
the 5 participating centers for all HCC patients being
considered for liver transplantation (within the last 3
months),

+ Blood tests, including serology (HIV, hepatitis B,
hepatitis C) and AFP level.
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The specific tests required by RAPID-HCC as part of
the pre-inclusion assessment will be:

+ Optional: pre-transplant plasma clearance of indocy-
anine green (ICG) for subsequent follow-up after the
first stage of RAPID transplantation to assess graft
function recovery. This involves a blood test with
three repeated samples every five minutes (approxi-
mately 5 ml each) to monitor the decline in plasma
concentration of the dye eliminated by the liver.

+ Measurement of supra-hepatic pressures (free and
wedged) via transjugular access under local anesthe-
sia, either during hospitalization for pre-transplant
assessment or during specific outpatient hospitali-
zation. This measures the portocaval gradient, esti-
mates the degree of portal hypertension, and evalu-
ates the possibilities for auxiliary grafting. Some
centers already carry out this examination as part of
their routine pre-HT assessment.

Inclusion visit

Inclusion and exclusion criteria are verified by reviewing
results from both standard and protocol-specific evalu-
ations. Interpretation of imaging, ascites history, volu-
metry, and ICG clearance tests is left to the discretion of
each clinical team and the Scientific Committee. However,
a pre-transplant portocaval gradient must be below 20
mmHg (normal <5 mmHg). Gradients above this thresh-
old represent excessive risk for postoperative small-for-
size syndrome, based on prior evidence showing increased
risks with gradients > 15 mmHg after transplantation.

Follow-up visits for the study after inclusion and before the
first surgical stage of RAPID

These follow-up visits will occur according to the
usual schedule (internal policy) of each team. No spe-
cific examination is required. In case of an intercurrent
event (appearance of ascites, new HCC nodule(s), portal
thrombosis, etc.), the case must be presented to the sci-
entific committee (refer to “premature termination visit”
below). Compliance with inclusion and exclusion crite-
ria will be re-verified before the first surgical stage using
clinical care data only.

First stage of RAPID
Partial hepatectomy and auxiliary graft of the left lateral
lobe.

Interval between the two surgical stages

Patients will be hospitalized or discharged based on
their clinical evolution. They will be re-evaluated to
authorize the second stage once the graft has a volume
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and function compatible with maintaining satisfac-
tory hepatocellular functions post-hepatectomy. Fol-
low-up includes: ICG plasma clearance approximately
every 21 days, mebrofenin, or any other iminodiacetic
acid derivative, scintigraphy approximately every 21
days, injected abdominal CT-scan, or MRI, on day 7
and approximately every 21 days (minimum thresh-
old: ratio > 0.8 between graft volume and body weight)
and volumetry calculation, daily Doppler ultrasound
for the first 7 days post-operation, no change in stand-
ard biological follow-up (complete blood count [CBC],
ionogram, liver tests, etc.) and the AFP measurement
on day 21. Verification of the absence of post-operative
medical-surgical complications and eligibility for the
second-stage hepatectomy will be assessed by clinical
and biological examination left to the discretion of the
surgical and anesthetic team. Complications recorded
according to CCI score until day 90 or until the end of
hospitalization (if duration > 90 days).

Second stage of RAPID
Resection of the right liver or right lobe.

Follow-up visits after the second stage of RAPID

The post-transplant follow-up protocol includes several
steps to monitor the patient’s recovery and the func-
tional health of the left liver graft. On days 8 and 30
after transplantation, CT scans, or MRI, are performed
to assess liver volume and blood flow, and regular Dop-
pler ultrasound is performed according to local guide-
lines. Standard biological tests and immunosuppression
protocols, including CBC, ionogram and liver function
tests, will remain the same for patients not included in
the protocol. Follow-up appointments with the surgeon
or hepatologist will be scheduled 30 days after the sec-
ond procedure and then at 3, 6, 9, 12, 15, 18, 21 and 24
months, with alpha-fetoprotein (AFP) measurements
at each visit. Enhanced CT scans and liver MRI will be
performed at 3, 9, 18, 6, 12 and 24 months and Doppler
ultrasound at 15 and 21 months. There is no fixed length
of hospital stay between the two phases of the protocol or
after the second phase; this will be adjusted according to
the patient’s progress and any complications. Depending
on how well the patient is recovering after surgery, they
may be discharged home or to a recovery facility before
the second stage, or they may have the second stage
during the same hospital stay. The timing of the second
stage is not predetermined, but is based on various tests,
including plasma clearance, scintigraphy, volumetry and
biological assessments. These assessments will help to
confirm that the liver transplant is functioning well and
will guide the overall decision-making process for the
second operation (Fig. 3).
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RAPID-HCC Protocol Gantt Chart Timeline (Extended to 70 Months)

End of Study Visit

Follow-Up After Second Stage

Second Stage Surgery

Interval Evaluations

First Stage Surgery

Follow-Up Before First Stage

Inclusion Validation

Pre-Transplant Evaluation

Selection Period |

0 112 24

36 48 60
Time (in months)

Fig. 3 RAPID-HCC trial timeline chart. The RAPID-HCC Protocol includes the following phases: Selection (0-6 months, informed consent);
Pre-Transplant Evaluation (6-12 months, imaging and serology); Inclusion Validation (12-13 months, committee approval); Pre-Surgical Follow-Up
(13-18 months, routine checks); First Surgery (18-19 months, partial hepatectomy with auxiliary graft); Interval Evaluations (19-30 months, graft
monitoring via imaging and ICG tests); Second Surgery (30-31 months, right liver resection); Postoperative Follow-Up (31-67 months, routine
imaging and labs); End-of-Study Visit (67-70 months, final AFP measurement and imaging)

End of study visit

The study visit will end 2 years after the second phase
of the RAPID procedure. Apart from AFP measure-
ment and MRI conducted as part of routine care, as
previously mentioned, no other systematic examina-
tions will be performed. Subsequent follow-up will be
at the discretion of the treating team according to local

policy.

Premature termination visit

Before the first surgical stage, patients may be withdrawn
if new exclusion criteria arise (excluding age-related cri-
teria). The Scientific Committee (SC) reviews such cases
during routine preoperative surveillance. SC determines
whether the patient continues in the RAPID-HCC trial.
If removed, the patient’s care will proceed according the
standard guidelines.

Premature termination visit

Before the surgical stage, patients may be withdrawn if
new exclusion criteria arise (excluding age-related crite-
ria). The Scientific Committee reviews such cases during
routine preoperative surveillance. The committee deter-
mines whether the patient continues in the RAPID-HCC
protocol or is removed entirely, including from the ABM

transplant waiting list. If removed, the patient’s care will
proceed according to standard guidelines.

Sample size {14}

We plan to transplant 34 patients in this pilot study. To
achieve the transplantation of 34 patients, and taking
into account potential drop-outs, contraindications to
liver transplantation in the first phase, whole liver trans-
plantation prior to the RAPID procedure, or matching/
logistical difficulties between recipient and donor, we
propose to enroll a total of 50 patients. This larger num-
ber of selected recipients will give the surgeons a better
chance of achieving a perfect graft-recipient match and
optimizing the procedure. We expect to enroll less than
one patient per center per month.

Recruitment {15}

Information about the study and opportunities for
patient enrollment will be shared at national and interna-
tional conferences attended by oncologists, hepatologists,
and liver surgeons. Healthcare professionals will receive
clear explanations of the study objectives, inclusion and
exclusion criteria, and overall protocol. Brochures and
flyers will also be distributed. To enhance visibility and
recruitment, the trial will be listed on clinical trial reg-
istries and online platforms, with regular updates shared
through social media and professional networks.
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Data collection and management

Plans for assessment and collection of outcomes {18a}
Study follow-up visits will take place at each center ini-
tially every month and then every three months for the
first three years, followed by every six months thereaf-
ter. Mandatory follow-up tests will include MRI or CT
scans or US of the liver, blood tests including tumor
markers.

Plans to promote participant retention and complete
follow-up {18b}

All subjects in the study will be followed up for the
duration of the study. Patients who discontinue follow-
up without withdrawing consent will still be monitored
for survival. The patient follow-up pathway will fol-
low standard clinical practice, with patients being seen
regularly and complying with scheduled follow-up vis-
its. Data return is facilitated by regular communication
between the trial team and the recruitment sites. As
patient follow-up is conducted through review of medi-
cal records, no additional specific plans are required.

Data management {19}

Patient data will be collected electronically using the
eCRF Cleanweb, a secure online platform set up by the
data manager. Data entry begins as soon as informed
consent is obtained. Designated site staff will input
required information, while the principal investigator
at each site ensures accuracy and completeness. Inves-
tigators will review and sign off on each entry. Any
missing assessments will be documented, and correc-
tions will be tracked. All data will be finalized before
database closure.

Statistical methods
Statistical methods for
outcomes.

primary and secondary

Statistical methods for primary and secondary outcomes
{20a}

Descriptive analyses

Qualitative variables will be described using num-
bers and percentages, while quantitative variables will
be presented as the mean *standard deviation or the
median (min—max), based on their distribution.

Statistical analysis to test feasibility of the RAPID Procedure
(Primary Evaluation Criteria)

Sequential boundaries will be employed to moni-
tor the failure rate of the RAPID procedure, gener-
ating a Pocock-type boundary. The trial assumes a
maximum planned sample size of 34 patients, with a
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0.3 probability of feasibility failure and a 0.05 probabil-
ity of early termination. The trial will be terminated if
the number of RAPID failures reaches or exceeds the
theoretical threshold, defined as the number of fea-
sibility failures in the enrolled patients. This bound-
ary is equivalent to testing the null hypothesis, after
each patient, that the event rate is equal to 0.3, using a
one-sided test with an alpha of 0.014750. This bound-
ary will be employed to monitor the feasibility rate
of the RAPID procedure. Enrollment will be halted
if an excessive number of failures is observed, that is,
if the number of failures is equal to or exceeds b, out
of n patients enrolled. Moreover, whenever the num-
ber of feasibility successes is strictly less than (n —b,)
, @ 4-month follow-up period after the latest time point
(Time 2) of the most recently enrolled patient will be
observed (pause in enrolments) to ensure that we do
not reach the boundary b, which would indicate the
trial’s termination.

Statistical analysis to test the tolerance of the RAPID
procedure

Adverse events (AEs) related to each stage of the treat-
ment will be described according to their nature and
severity. Data collection will include early events,
medium-term events (3 months), and long-term events
(12 months and 24 months). The Comprehensive Com-
plication Index (CCI) score will be calculated.

Secondary evaluation criteria

Since the power calculation was performed for the analy-
sis of the primary objective, the results of the secondary
analyses will be exploratory. A post-hoc power calcula-
tion may be conducted.

A McNemar test will be used to compare the delisting
rate between patients who underwent the RAPID proce-
dure and those who underwent the standard procedure.

The overall survival of patients at 2 years from listing
in each group (RAPID procedure versus standard proce-
dure) will be compared using conditional logistic regres-
sion. The same method will be employed for the analysis
of overall survival at 2 years from listing and the analysis
of graft survival at 2 years post-transplant.

Analyses of the morbidity associated with the RAPID
procedure after the first and second stages of the surgi-
cal protocol, the incidence of histologically confirmed
rejection after RAPID, the incidence and location of
HCC recurrence at 2 years post-transplant according to
the RAPID procedure, the time from listing to transplant
according to the RAPID procedure, and the actual gain
in grafts obtained through the RAPID procedure will be
descriptive.
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Statistical significance

The analysis of the primary objective will be conducted
using a one-sided test with an overall alpha risk of 5%.
The analysis of the secondary objectives will be con-
ducted using two-sided tests with an alpha risk of 5%.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}

All efforts will be made to avoid missing data. The
methods for addressing missing data will be detailed in
the statistical analysis plan.

Oversight and monitoring
Composition of the coordinating center and trial steer-
ing committee.

Composition of the coordinating centre and trial steering
committee {5d}

The Trial Coordination Center (TCC) is composed by
a multidisciplinary team of experts, including princi-
pal investigators, project managers, data analysts and
administrative support staff. This team is responsi-
ble for overseeing the day-to-day trials’ development,
ensuring compliance with the protocol, managing data
collection, and maintaining communication with all
participating sites. The Trial Steering Committee (TSC)
consists of independent experts in the field, sponsor
representatives and key opinion leaders. The primary
role of the TSC is to provide oversight to ensure that
the trial is conducted to the highest scientific and ethi-
cal standards. They meet regularly to review progress,
address any issues that arise and make decisions about
trial amendments or interim analyses as required. A
Scientific Committee (SC) has been also established to
endorse specific tasks, including validating the selec-
tion criteria and pre-inclusion outcomes for patients
proposed for inclusion. SC is also responsible for
approving continued enrolment or deciding on early
termination if a significant event occurs prior to trans-
plantation, such as portal vein thrombosis or tumour
progression.

Composition of the data monitoring committee, its role

and reporting and reporting structure {21a}

The sponsor is responsible for ensuring the safety and
respect of people participating in research and for
establishing a quality assurance system to monitor pro-
gresses of the trial. To achieve compliance, the spon-
sor appoints Clinical Research Associates (CRAs) to
make regular follow-up visits to the trial sites. For this
high-risk research, the choice of an appropriate level
of monitoring was weighted according to the complex-
ity, impact, and budget of the research. Accordingly,
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the sponsor, in agreement with the TCC, determined
the logistical and impact score to establish the level of
monitoring required: maximum level. A CRA (agreed
by the sponsor) will oversee the proper conduct of
the research, ensuring the collection, documentation,
recording, and reporting of data in accordance with
the Standard Operating Procedures (SOPs) within the
DRCI and in compliance with Good Clinical Practice
and applicable legal and regulatory requirements. The
investigator and their team agree to be available for
regular quality control visits by the CRA, during which
elements such as written consent, adherence to the
research protocol and defined procedures, the quality
of data collected in the case report form and the man-
agement of used products will be reviewed according to
the monitoring level.

Plans for collecting, assessing, reporting, and managing
solicited and spontaneously reported adverse events
and other unintended effects of trial interventions or trial
conduct {22}
Serious adverse events (SAE) will be reported for both
treatment arms according to the GCP guidelines. A seri-
ous adverse event is defined as one that results in death,
that is life-threatening to the research participant, that
necessitates hospitalization or prolongation of existing
hospitalization, that leads to significant or prolonged dis-
ability or incapacity, or that results in a congenital anom-
aly or malformation.

Other events requiring immediate notification by the
investigator to the sponsor include:

1. Events related to partial hepatectomy (stage 1): liver
failure.

2. Events related to transplantation of a partial graft in
the context of portal hypertension (stage 1): small-
for-size syndrome (clinical, biological, or radiological
manifestations such as ascites, jaundice), portal vein
thrombosis.

3. Events related to the implantation of a partial graft:
stenosis or thrombosis of the portal, supra-hepatic,
or arterial vessels.

4. Second surgical stage: digestive complications during
the second stage in case of difficult adhesiolysis.

The investigator assesses the severity of each adverse
event and must notify the sponsor of all SAEs and seri-
ous incidents during the trial within 24 h, except for
those exempted by the protocol. The initial notification
requires a written report, followed by detailed written
reports within 8 days. The investigator must thoroughly
document the event with anonymized copies of relevant
laboratory results or reports, provide a medical diagnosis,
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and establish a causal link between the SAE, the medical
device, and the procedure. The patient must be followed
until the event is fully resolved, stabilized to an accept-
able level, or returned to their previous state, regardless
of trial withdrawal.

Frequency and plans for auditing trial conduct {23}

The sponsor and competent authorities will conduct
quality assurance audits and inspections. All data, docu-
ments, and reports are open to audit and regulatory
inspection without invoking medical confidentiality.
These audits may be conducted at any time by individu-
als appointed by the sponsor, independent of the research
leaders, to ensure the research’s quality, the validity of its
results, and compliance with legal and regulatory stand-
ards. Research leaders and supervisors are committed
to meeting the sponsor’s and authorities’ requirements
during audits or inspections, which may cover all stages
of the research, from protocol development to the pub-
lication of results and data archiving. Investigators agree
to accept quality assurance audits by the sponsor and
inspections by regulatory authorities, allowing access to
all data without invoking medical confidentiality. Routine
monitoring, detailed in the trial monitoring plan, involves
moderate intensity with one visit or call per year. Most
data are monitored centrally to maintain trial integrity,
ensure patient safety, and oversee primary endpoints.
Thus, annual monitoring will be conducted via telephone
or video conferencing, with bimonthly central monitor-
ing of key data points. This approach upholds compliance
and scientific integrity throughout the study.

Plan for communicating important amendments to relevant
parties {25}

Any changes to the protocol that might affect the con-
duct of the trial, the potential benefit to patients, or
patient safety, including changes to the trial objectives,
design, patient population, sample sizes, procedures, or
important administrative aspects, will require a formal
amendment. These amendments must be agreed by both
the principal investigator and the sponsor, documented
in a new version of the protocol signed by both parties,
and approved by the Scientific Committee (SC) and Eth-
ics Committee prior to implementation in accordance
with local regulations. The sponsor is responsible for
obtaining the necessary Ethics Committee and regulatory
authority approvals and for communicating these amend-
ments to the participating sites. Any substantial amend-
ments to the protocol or other essential documents will
be notified to the relevant regulatory authorities and the
Ethics Committee. Implementation of any substantive
amendment may proceed only after formal approval by
the Ethics Committee and the regulatory authority.
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Who will take informed consent? {26a}

Eligible patients will be invited to participate to the study.
The investigators will obtain informed consent from each
subject in accordance with ethical standards. Adequate
time will be allowed for reflection between the provision
of information and the consent form signing. Each par-
ticipant must provide informed consent, which must be
freely given and documented by a signed consent form
from both the participant and an investigator before
any study-specific procedures. After validation by the
scientific committee, enrolment will be confirmed. The
consent form will explicitly ask participants to agree to
the use of their data. Participants will also be asked to
consent to the sharing of relevant data with staft at par-
ticipating universities or regulatory authorities, as appro-
priate. Accordingly, any additional testing will only take
place after informed consent has been obtained, ensuring
that each participant’s participation and consent to these
procedures is entirely voluntary.

Additional consent provisions for the collection and use

of participant data and biological specimens {26b}

No additional studies that may use the data collected in
this trial are planned.

Confidentiality {27}

Article L.1121-3 of the Public Health Code guarantees
that all information relating to this study is kept con-
fidential, in particular the identity of the participants
and their results. All data from trial participants will be
anonymized to protect their identity. Individuals’ names
and addresses will not be recorded or disclosed. Instead,
only the initials of their first and last name and a coded
number will be documented. This ensures that all data
remain confidential and that participants’ identities are
protected throughout the trial. The sponsor will verify
that each participant has given written consent for their
data to be used for quality control purposes only.

Dissemination plans {31a}

In accordance with local regulations, progress reports
and a final report will be prepared by the sponsor and
submitted to the reviewing ethics committees. The pub-
lication policy outlined in the agreements between the
participating centers will ensure that results are pre-
sented at scientific congresses and published in peer-
reviewed journals. These results will also be incorporated
into clinical practice guidelines for the gastroenterology
and hepatology community. Upon completion of the
study, the data will be analyzed and a final report will
be prepared. Participants involved in key aspects of the
trial will be listed as authors and publications will follow
international reporting guidelines.



Peloso et al. BMC Cancer (2025) 25:848

Plans to give access to the full protocol, participant level-data
and statistical code {31c}

The data supporting the findings of this study are avail-
able from the corresponding author, [NG], upon reason-
able request. Access to the internal repository data for
other researchers will require approval from an ethics
commission. The Study Protocol, Statistical Analysis Plan
(SAP), Informed Consent Form (ICF), and Clinical Study
Report will be publicly shared. However, participant-level
datasets will only be accessible following ethics commis-
sion approval.

Plans for collection, laboratory evaluation, and storage

of biological specimen for genetic or molecular analysis

in this trial/future use {33}

In this trial, the collection, laboratory evaluation, and
storage of biological specimens for future genetic or
molecular analysis are not anticipated. Consequently, no
provisions or protocols have been established.

Discussion

The RAPID-HCC trial introduces a novel surgical
approach to liver transplantation (LT) aimed at improv-
ing organ availability and patient survival. Early stud-
ies suggest that the RAPID procedure optimizes donor
organ use by enabling the division of a deceased donor
liver, allowing two adult recipients to benefit from a sin-
gle graft. This technique has the potential to significantly
increase the number of transplants performed, thereby
reducing waiting times and transplant-related mortality.
A key advantage of the RAPID procedure is its two-stage
hepatectomy, which enhances both safety and func-
tionality. By preserving the native right liver during the
initial post-transplant period, patients retain sufficient
liver function, potentially lowering the risk of early post-
operative complications. The second stage, involving the
removal of the native right liver once the transplanted
left lobe is fully functional, ensures a smooth transi-
tion to complete graft dependence, which may improve
long-term outcomes. The trial’s structured assessment
of primary and secondary outcomes provides a compre-
hensive evaluation of the procedure’s feasibility, safety,
and efficacy in patients with hepatocellular carcinoma
(HCC). Primary outcomes focus on procedural success
and adverse event monitoring, while secondary outcomes
include graft survival, patient survival, incidence of graft
rejection, HCC recurrence, and overall patient quality of
life. This rigorous evaluation will generate robust data to
validate or challenge preliminary findings. However, the
widespread implementation of the RAPID procedure
presents certain challenges. The complexity of the two-
stage surgical approach demands significant expertise
and institutional resources, which may limit immediate
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adoption in all centres. Additionally, long-term studies
are required to assess graft durability and its impact on
patient quality of life over time. Given the high preva-
lence of HCC and the ongoing shortage of donor livers,
the RAPID procedure could provide a viable solution for
many patients who would otherwise face prolonged wait-
ing times and an increased risk of mortality. This trial will
offer crucial insights into the procedure’s clinical value
and feasibility, potentially establishing a new benchmark
in liver transplantation. If successful, the RAPID proce-
dure could mark a major breakthrough, increasing organ
availability and improving outcomes for patients with
HCC.

Trial status

The current trial protocol is version V4.0 dated 11 June
2024. The trial opened to recruitment on July 2024.
Recruitment is anticipated to run for 24 months, and
therefore, the estimated completion date is May 2029.

List of study sites
Paul Brousse Hospital, Villejuif, Assistance Publique
Hopitaux de Paris;

Pitié Salpétriere Hospital, Paris, Assistance Publique
Hopitaux de Paris;

Beaujon Hospital, Clichy, Assistance Publique Hopi-
taux de Paris;

Pontchaillou Hospital, CHU de Rennes;

University Hospital of Lyon, CHU de la Croix Rousse.

Abbreviations
ABM Agence de la Biomédecine (Agency of Biomedicine)

ACLF Acute-on-Chronic Liver Failure

AFP Alpha-Fetoprotein

ccl Comprehensive Complication Index
HCC Hepatocellular Carcinoma

CHU Centre Hospitalier Universitaire (University Hospital Centre)

DDLT  Deceased Donor Liver Transplantation (Liver Transplantation from a
Brain-Dead Donor)

e-CRF  Electronic Case Report Form

FDG Fluorodeoxyglucose

ICG Indocyanine Green

MRI Magnetic Resonance Imaging

LDLT Living Donor Liver Transplantation

MELD  Model for End-Stage Liver Disease

NFS Numération Formule Sanguine (Complete Blood Count, CBC)

RAPID  Resection And Partial Liver Transplantation with Delayed Hepatec-
tomy (Auxiliary Partial Liver Transplantation with Native Liver Hepa-
tectomy in Two Successive Operations)

cT (Computed Tomography, CT)

LT Liver Transplantation
TIPS Transjugular Intrahepatic Portosystemic Shunt
TKI Tyrosine Kinase Inhibitor

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-025-14127-7.

[ Supplementary Material 1. J



https://doi.org/10.1186/s12885-025-14127-7
https://doi.org/10.1186/s12885-025-14127-7

Peloso et al. BMC Cancer (2025) 25:848

Acknowledgements
The authors have no acknowledgements to declare.

Financial and other competing interests {28}

The authors declare that they have no competing interests. None of the
authors have any financial, personal or professional conflicts that could be
perceived as influencing the results or interpretation of this study. All authors
contributed to the research and preparation of the manuscript without bias or
external pressure

Authors’ contributions

A.P.wrote the manuscript. D.P. conducted investigations, curated data, and
prepared figures. E.D. and L.C. developed the methodology, curated data and
performed formal analysis. O.S, C.G, J-YM, KM, M.L, S.D, H.J, KB. conducted
investigations and provided resources. M.-AA, RA, AS.C, DA, DC, EV. con-
ducted investigations, provided resources and contributed to methodology.
N.G. conceptualized the study, developed the methodology, prepared the
original draft, acquired funding, supervised the study and administered the
project. N.G. also reviewed and edited the manuscript. All authors reviewed
the manuscript.

Funding {4}

This study was sponsored by the Paul Brousse Hepato-Biliary University
Hospital of Villejuif, Paris, France (Paris Saclay University) and co-sponsored by
Assistance Publique — Hopitaux de Paris (AP-HP). This study is supported by

a grant from the French Ministry of Health (PHRC-K Inca 2020). The funding
source has no influence on trial design, trial conduct, data handling, data
analysis or writing of the manuscript.

Data availability {29}

The final dataset will be managed by R or Sas Software. The chief investiga-
tors will have access and can authorize exceptional access for other trial team
members to support analysis or during absences. Additional analyses of the
dataset will be allowed with the agreement of the trial review committee, in
accordance with the trial publication policy.

Declarations

Ethics approval and consent to participate {24}

The RAPID-HCC trial has received ethical approval from the National Ethics
Committees in France: ANSM — Agence de sécurité du médicament et des
produits de santé et Comité de protection des personnes lle de France Il
(Ethics approval number 2022-A02151 -42). All participating centers involved
in this multi-centre study, have obtained local ethical approvals as required
by French regulations. Informed consent will be obtained from all partici-
pants prior to their enrollment in the trial. The consent process will include

a comprehensive explanation of the study’s purpose, procedures, potential
risks, and benefits. Participants will be given opportunity to ask questions
and will be informed of their right to withdraw from the study at any time
without any consequence to their ongoing medical care This study adheres
to the principles outlined in the Declaration of Helsinki and complies with the
ethical standards of the institutional and national research committees. The
confidentiality and anonymity of all participants will be strictly maintained
throughout the study.

Consent for publication {32}

Not applicable—this document does not contain any identifying images or
personal or clinical details of participants, nor will such details be included in
any future study reports. For access to participant information materials and
the informed consent form, please contact the corresponding author.

Competing interests
The authors declare no competing interests.

Author details

"Hepato-Biliary Center, Paul-Brousse Hospital, Assistance Publique-Hdpitaux
de Paris, Villejuif, Paris, France. 2Department of Surgery, Division of Abdomi-
nal Surgery and Transplantation, Geneva University Hospitals and Faculty

of Medicine, Geneva, Switzerland. *Clinical Research Unit, Paris Saclay
University, Assistance Publique-Hopitaux de Paris, Le Kremlin Bicétre, Paris,

Page 150f 16

France. “Department of Hepatobiliary Surgery and Liver Transplantation,
Sorbonne University, INSERM UMRS-938, Hopital Pitié-Salpétriere, Assistance
Publique- Hopitaux de Paris, Paris, France. °Department of Surgery and Liver
Transplantation, Croix-Rousse University Hospital, University of Lyon |, Lyon,
France. °Department of Surgery and Liver Transplantation, Beaujon Hospital,
Paris, France. Department of Hepatobiliary and Digestive Surgery, Pontchail-
lou Hospital, University of Rennes 1, Rennes, France. 8UMRS 1193, Paris-Saclay
University, Inserm, Pathogenesis and Treatment of Liver Diseases, FHU Hepati-
nov, Villejuif, France.

Received: 17 March 2025 Accepted: 9 April 2025
Published online: 09 May 2025

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer
J Clin. 2022;72(1):7-33. https://doi.org/10.3322/caac.21708. Epub 2022
Jan12.

2. Llovet JM, Fuster J, Bruix J. Intention-to-treat analysis of surgical treatment
for early hepatocellular carcinoma: resection versus transplantation.
Hepatology. 1999;30(6):1434-40 John Wiley & Sons, Ltd.

3. Bhangui P, Allard MA, Vibert E, Cherqui D, Pelletier G, Sa Cunha A,
et al. Salvage versus primary liver transplantation for early hepatocel-
lular carcinoma: do both strategies yield similar outcomes? Ann Surg.
2016;264(1):155-63.

4. Mauro E, Sanduzzi-Zamparelli M, Jutras G, Garcia R, Soler Perromat A,
Llarch N, Holguin Arce V, Ruiz P, Rimola J, Lopez E, Ferrer-Fabrega J, Garcia-
Criado A, Colmenero J, Lai JC, Forner A. Challenges in liver transplantation
for hepatocellular carcinoma: a review of current controversies. Cancers
(Basel). 2024;16(17):3059. https://doi.org/10.3390/cancers16173059. PMID
:39272917,PMCID:PMC11394545.

5. Durand F, Antoine C, Soubrane O. Liver transplantation in France. Liver
Transpl. 2019;25(5):763-70. https://doi.org/10.1002/1t.25419. Epub 2019
Apr 1 PMID: 30697904.

6. Sandhu L, Sandroussi C, Guba M, Selzner M, Ghanekar A, Cattral MS,
McGilvray ID, Levy G, Greig PD, Renner EL, Grant DR. Living donor liver
transplantation versus deceased donor liver transplantation for hepa-
tocellular carcinoma: comparable survival and recurrence. Liver Transpl.
2012;18(3):315-22. https://doi.org/10.1002/1t.22477. PMID: 22140013.

7. LiangW,Wu L, Ling X, Schroder PM, Ju W, Wang D, Shang Y, Kong Y,

Guo Z, He X. Living donor liver transplantation versus deceased donor
liver transplantation for hepatocellular carcinoma: a meta-analysis. Liver
Transpl. 2012;18(10):1226-36. https://doi.org/10.1002/1t.23490. PMID:
22685095.

8. Kim PTW, Testa G. Living donor liver transplantation in the USA. Hepato-
biliary Surg Nutr. AME Publishing Company. 2016;5(2):133-40.

9. Kasahara M, TakadaY, Egawa H, Fujimoto Y, Ogura Y, Ogawa K, et al. Auxil-
iary partial orthotopic living donor liver transplantation: Kyoto University
experience. Am J Transplant. 2005;5(3):558-65.

10. lkegamiT, Shiotani S, Ninomiya M, Minagawa R, Nishizaki T, Shimada M,
et al. Auxiliary partial orthotopic liver transplantation from living donors.
Surgery. 2002;131(1 Suppl):5205-10.

11. Azoulay D, Astarcioglu |, Bismuth H, Castaing D, Majno P, Adam R,
et al. Split-liver transplantation. The Paul Brousse policy Ann Surg.
1996,224(6):737-46.

12. Scatton O, Conti F, Perdigao F, Massault P-P, Goumard C, et al. Two-stage
liver transplantation using auxiliary laparoscopically harvested grafts in
adults: emphasizing the concept of "hypersmall graft nursing””Clin Res
Hepatol Gastroenterol. 2016;40(5):571-4.

13. Azoulay D, Castaing D, Adam R, Savier E, DelvartV, Karam'V, et al. Split-
liver transplantation for two adult recipients: feasibility and long-term
outcomes. Ann Surg. 2001;233(4):565-74.

14. Dokmak S, Elkrief L, Belghiti J. Auxiliary liver transplantation with a small
deceased liver graft for cirrhotic liver complicated by hepatocellular
carcinoma. Transpl Int. 2013;26(11):e102-4.

15. Wan P, Li Q, Zhang J, Xia Q. Right lobe split liver transplantation versus
whole liver transplantation in adult recipients: a systematic review and
meta-analysis. Liver Transpl. 2015;21(7):928-43.

16. Gavriilidis P, Roberts KJ, Azoulay D. Right lobe split liver graft versus whole
liver transplantation: a systematic review by updated traditional and


https://doi.org/10.3322/caac.21708
https://doi.org/10.3390/cancers16173059
https://doi.org/10.1002/lt.25419
https://doi.org/10.1002/lt.22477
https://doi.org/10.1002/lt.23490

Peloso et al. BMC Cancer

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2025) 25:848

cumulative meta-analysis. Dig Liver Dis. 2018;50(12):1274-82 Editrice
Gastroenterologica Italiana.

Sanchez-Cabus S, Cherqui D, Rashidian N, Pittau G, Elkrief L, Vanlander

A, Toso C, Fondevila C, Cunha AS, Berney T, Castaing D, de Hemptinne B,
Fuster J, Rogiers X, Adam R, Majno P, Garcfa-Valdecasas JC, Troisi RI. Left-
liver adult-to-adult living donor liver transplantation: can it be improved?
A retrospective multicenter European study. Ann Surg. 2018;268(5):876—
84. https://doi.org/10.1097/SLA.0000000000002897. PMID: 30080732.
Soubrane O, Eguchi S, Uemoto S, Kwon CHD, Wakabayashi G, Han HS,
Kim KH, Troisi RI, Cherqui D, Rotellar F, Cauchy F, Soyama A, Ogiso S, Choi
GS, Takahara T, Cho JY, Cho HD, Vanlander A, Pittau G, Scatton O, Pardo F,
Baker T. Minimally invasive donor hepatectomy for adult living donor liver
transplantation: an international, multi-institutional evaluation of safety.
Efficacy Early Outcomes Ann Surg. 2022,275(1):166-74. https://doi.org/
10.1097/SLA.0000000000003852. PMID: 32224747.

Lim C, Turco C, Balci D, Savier E, Goumard C, Perdigao F, Rousseau G,
Soubrane O, Scatton O. Auxiliary liver transplantation for cirrhosis: from
APOLT to RAPID: a scoping review. Ann Surg. 2022;275(3):551-9. https://
doi.org/10.1097/SLA.0000000000005336. PMID: 34913893.

Azoulay D, Feray C, Lim C, Salloum C, Conticchio M, Cherqui D, Sa Cunha
A, Adam R, Vibert E, Samuel D, Allard MA, Golse N. A systematic review
of auxiliary liver transplantation of small-for-size grafts in patients with
chronic liver disease. JHEP Rep. 2022;4(4):100447. https://doi.org/10.
1016/jjhepr.2022.100447. PMID:35310820;PMCID:PMC8927838.

Kasahara M, Sakamoto S, Horikawa R, Fukuda A. Auxiliary partial ortho-
topic liver transplantation for noncirrhotic metabolic liver disease: reignit-
ing interest in an old but new technique. Liver Transpl. 2019;25(1):12-3.
https://doi.org/10.1002/1t.25388. PMID: 30472792.

Kulkarni AV, Gustot T, Reddy KR. Liver transplantation for acute liver
failure and acute-on-chronic liver failure. Am J Transplant. 2024;51600-
6135(24):00435. https://doi.org/10.1016/}.ajt.2024.07.012. Epub ahead of
print. PMID: 39094950.

Rauchful8 F, Nadalin S, Kénigsrainer A, Settmacher U. Living donor liver
transplantation with two-stage hepatectomy for patients with isolated,
irresectable colorectal liver-the LIVER-T(W)O-HEAL study. World J Surg
Oncol. 2019;17(1):11. https://doi.org/10.1186/512957-018-1549-5. PMID:3
0621712;PMCID:PMC6325801.

Balci D, Kirimker EQ, Bingol Kologlu M, Ustiiner E, Goktug UU, Karadag
Erkoc S, et al. A new approach for increasing availability of liver grafts and
donor safety in living donor liver transplantation: LD-RAPID procedure

in the cirrhotic setting with hepatocellular carcinoma. Liver Transpl.
2020;27(4):590-4.

Line PD, Hagness M, Berstad AE, Foss A, Dueland S. A novel concept for
partial liver transplantation in nonresectable colorectal liver metastases:
the RAPID concept. Ann Surg. 2015;262(1):e5-9.

Konigsrainer A, Templin S, Capobianco I, Kénigsrainer |, Bitzer M, Zender
L, et al. Paradigm shift in the management of irresectable colorectal liver
metastases: living donor auxiliary partial orthotopic liver transplantation
in combination with two-stage hepatectomy (LD-RAPID). Ann Surg.
2019;270(2):327-32.

Nadalin S, Kénigsrainer A, Capobianco |, Settmacher U, Rauchfuss F.
Augxiliary living donor liver transplantation combined with two-stage
hepatectomy for unresectable colorectal liver metastases. Curr Opin
Organ Transplant. 2019;24(5):651-8.

Nadalin S, Settmacher U, Rauchful? F, Balci D, Kénigsrainer A, Line

PD. RAPID procedure for colorectal cancer liver metastasis. Int J Surg.
2020;825:93-6.

Settmacher U, Ali-Deeb A, Coubeau L, Cillo U, Line PD, Guba M, Nadalin
S, Rauchful3 F, Kénigsrainer A. Auxilliary liver transplantation according to
the RAPID procedure in noncirrhotic patients: technical aspects and early
outcomes. Ann Surg. 2023;277(2):305-12. https://doi.org/10.1097/SLA.
0000000000005726. Epub 2022 Oct 13. Erratum in: Ann Surg. 2023 May
01;277(5):21192. 10.1097/SLA.0000000000005850. Kénigsrainer, Alfred.
PMID: 36226590.

Coubeau L, Fontaine A, Ciccarelli O, Bonaccorsi E, Derudder M, Dahqvist
G, Marique L, Reding R, Leclercq IA, Dili A. In-depth clinical, haemo-
dynamic and volumetric assessment of the RAPID-type auxiliary liver
transplantation in non-cirrhotic setting; are we simply dealing with a
transplant model of ALPPS? Ann Surg. 2024. https://doi.org/10.1097/SLA.
0000000000006475. Epub ahead of print. PMID: 39109424.

31

32.

Page 16 of 16

Duvoux C, Roudot-Thoraval F, Decaens T, Pessione F, Badran H, PiardiT,

et al. Liver transplantation for hepatocellular carcinoma: a model includ-
ing a-fetoprotein improves the performance of Milan criteria. Gastroen-
terology. 2012;143(4):986-94.

Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien P-A. The comprehen-
sive complication index: a novel continuous scale to measure surgical
morbidity. Ann Surg. 2013;258(1):1-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1097/SLA.0000000000002897
https://doi.org/10.1097/SLA.0000000000003852
https://doi.org/10.1097/SLA.0000000000003852
https://doi.org/10.1097/SLA.0000000000005336
https://doi.org/10.1097/SLA.0000000000005336
https://doi.org/10.1016/j.jhepr.2022.100447
https://doi.org/10.1016/j.jhepr.2022.100447
https://doi.org/10.1002/lt.25388
https://doi.org/10.1016/j.ajt.2024.07.012
https://doi.org/10.1186/s12957-018-1549-5
https://doi.org/10.1097/SLA.0000000000005726
https://doi.org/10.1097/SLA.0000000000005726
https://doi.org/10.1097/SLA.0000000000006475
https://doi.org/10.1097/SLA.0000000000006475

	Resection and partial liver transplantation from deceased donors with delayed total hepatectomy (RAPID procedure) for hepatocellular carcinoma: a national, multicenter, non-randomized, prospective trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration {2a} {2b} 
	Grant support 

	Introduction
	Background and rationale {6a}
	Objectives {7}
	Trial design {8}
	Study setting {9}
	Eligibility criteria {10}
	Donor selection criteria
	Recipient selection criteria (RAPID Recipient)
	Recipient exclusion criteria


	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Technical consideration of liver splitting
	Surgical technique: first stage
	Monitoring during interstage
	Surgical technique: second stage

	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to intervention {11c}
	Relevant concomitant care permitted or prohibited during the trial {11 d}
	Outcomes {12}
	Primary outcomes
	Secondary outcomes

	Participant timeline {13}
	Selection visit
	Inclusion visit
	Follow-up visits for the study after inclusion and before the first surgical stage of RAPID
	First stage of RAPID
	Interval between the two surgical stages
	Second stage of RAPID
	Follow-up visits after the second stage of RAPID
	End of study visit
	Premature termination visit
	Premature termination visit

	Sample size {14}
	Recruitment {15}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Descriptive analyses
	Statistical analysis to test feasibility of the RAPID Procedure (Primary Evaluation Criteria)

	Statistical analysis to test the tolerance of the RAPID procedure
	Secondary evaluation criteria
	Statistical significance
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}

	Oversight and monitoring
	Composition of the coordinating centre and trial steering committee {5d}
	Composition of the data monitoring committee, its role and reporting and reporting structure {21a}
	Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse events and other unintended effects of trial interventions or trial conduct {22}
	Frequency and plans for auditing trial conduct {23}
	Plan for communicating important amendments to relevant parties {25}
	Who will take informed consent? {26a}
	Additional consent provisions for the collection and use of participant data and biological specimens {26b}
	Confidentiality {27}
	Dissemination plans {31a}
	Plans to give access to the full protocol, participant level-data and statistical code {31c}
	Plans for collection, laboratory evaluation, and storage of biological specimen for genetic or molecular analysis in this trialfuture use {33}


	Discussion
	Trial status
	List of study sites

	Acknowledgements
	References


