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Abstract

Background: Major hepatectomy in perihilar cholangiocarcinoma (pCCA) patients with a small future liver
remnant (FLR) risks posthepatectomy liver failure (PHLF). This study examines combined portal and hepatic
vein embolisation (PVE/HVE) to increase preoperative FLR volume and potentially decrease PHLF rates.
Methods: In this retrospective, multicentre, observational study, data was collected from centres
affiliated with the DRAGON Trials Collaborative and the EuroLVD registry. The study included pCCA
patients who underwent PVE/HVE between July 2016 and January 2023.

Results: Following PVE/HVE, 28% of patients (9/32) experienced complications, with 22% (7/32)
necessitating biliary interventions for cholangitis. The median degree of hypertrophy after a median of 16
days was 16% with a kinetic growth rate of 6.8% per week. 69% of patients (22/32) ultimately underwent
surgical resection. Cholangitis after PVE/HVE was associated with unresectability. After resection, 55%
of patients (12/22) experienced complications, of which 23% (5/22) were Clavien-Dindo grade Il or
higher. The 90-day mortality after resection was 0%.

Conclusion: PVE/HVE quickly enhances the kinetic growth rate in pCCA patients. Cholangitis impairs
chances on resection significantly. Resection after PVE/HVE is associated with low levels of 90-day
mortality. The study highlights the potential of PVE/HVE in improving safety and outcomes in pCCA
undergoing resection.
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Introduction

Perihilar cholangiocarcinoma (pCCA), or Klatskin tumour,
constitute 10—-25% of all hepatobiliary malignancies and its
global incidence is increasing worldwide." Currently, surgical
resection is the sole treatment for potential long-term survival,
illustrated by a 28—46% five-year overall survival rate (OS) after
surgery.”” In contrast, patients receiving only palliative systemic
treatment have a median OS of 11.5—12.8 months.”’

Nevertheless, resection rates in pCCA remain low and are
highly dependent on the hospital of diagnosis.” Postoperative
mortality within 90 days is reported to be between 10 and 17%,
mainly due to posthepatectomy liver failure (PHLF)."” This risk
for PHLF is especially more pronounced in those with a small
future liver remnant (FLR), which is often the case in pCCA
patients. Furthermore, pCCA patients are often complicated with
cholangitis, which in combination with FLR volumes below 30%
is associated with higher rates of PHLE*’

Portal vein embolisation (PVE), the current standard in pre-
operative liver hypertrophy-inducing techniques, demonstrates
efficacy in reducing PHLF and overall postoperative morbidity in
pCCA patients.'®'!  Recent retrospective studies revealed
encouraging outcomes in FLR hypertrophy and resection rates in
patients with colorectal liver metastases and primary liver cancer
treated with combined portal vein and hepatic vein embolisation
(PVE/HVE), as compared to PVE alone. 2 However, data on
PVE/HVE in pCCA patients, who present specific preoperative
challenges, is limited.''* Histological examinations after PVE/
HVE have revealed higher levels of necrosis compared to PVE
alone.'” Therefore, the implementation of this novel technique in
pCCA patients requires caution, as an exacerbation of chol-
angitis, a need for further biliary interventions, and a declining
performance status could potentially exclude them from surgery.

This study aims to assess the safety and feasibility of PVE/HVE
in pCCA patients, addressing a critical gap in existing literature
and rapidly evolving clinical practice.

Methods
Study design

In this retrospective, multicentre, observational study, we
collected data from specialised hepatopancreaticobiliary centres
affiliated with the EuroLVD registry and the DRAGON Trials
Collaborative. The DRAGON Trials Collaborative, coordinated at
Maastricht University, is an international group of centres with
the collective aim to investigate and safely implement PVE/HVE
as a hypertrophy-inducing procedure before major hepatectomy.
The EuroLVD registry, initiated at Lausanne University Hospital,
is a multicentric research collaborative endorsed by the European-
African Hepato-Pancreato-Biliary Association (E-AHPBA) with a
similar objective. Ethical approval for retrospective analysis of the
online PVE/HVE registry of the DRAGON Trials Collaborative
was granted by the medical ethics review committee of University
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Hospital of Maastricht (azM) and Maastricht University
(METC2021-2578). All centres involved in the DRAGON Trials
Collaborative and EuroLVD registry obtained ethical approval
and patient consent for retrospective data analysis, as required by
national legal and regulatory requirements. Data are reported
according to the STROBE reporting guidelines for cohort

.1
studies.'®

Participants

All patients diagnosed with perihilar cholangiocarcinoma
(pCCA) who underwent combined portal and hepatic vein
embolisation (PVE/HVE) prior to resection between July 2016
and January 2023 and who were registered in the DRAGON
Trials Collaborative or EuroLVD registry, were considered
eligible for inclusion. Patients receiving hepatic vein embolisa-
tion (HVE) in a sequential session were excluded from this
analysis. Patients were deemed eligible for resection if the FLR
was considered sufficient by the respective centre. Additional
data collection entailed evaluation of electronic patient records,
multidisciplinary tumour board reports, laboratory and pathol-
ogy values, surgery logs, and interventional radiology records.
Each centre conducted the data collection process independently
and actively updated the registry with all patients undergoing
PVE/HVE up to January 2023. For this study, database-lock
occurred on April 1st, 2023.

Outcomes and definitions

The primary endpoint of this study was overall safety of PVE/
HVE, assessed through postprocedural complications. Secondary
endpoints focused on specifics of the PVE/HVE procedure, liver
hypertrophy measurements, resection rates and perioperative
outcomes. Complications were reported using the Clavien-Dindo
(CD) classification.!” Standardised FLR (sFLR) was calculated
based on the Vauthey calculation, which adjusts FLR for body
surface area and is expressed in percentage (%).'® Change in sSFLR
was expressed as degree of hypertrophy (DH), percent-change of
FLR (%bhypertrophy), and kinetic growth rate (KGR). DH was
defined as the difference between pre-PVE/HVE FLR volume
(sFLR1) and post-PVE/HVE FLR volume (sFLR2) (DH = sFLR2
-sFLR1). KGR was defined as DH divided by the number of weeks
after intervention.'” Percent-change of FLR (%hypertrophy) was
calculated by dividing DH by sFLR1 in percentage. Perioperative
outcomes included duration of surgery, type of resection, esti-
mated blood loss, R-status, 90-day postoperative complications
according to Clavien-Dindo classification, PHLF according to the
International Study Group of Liver Surgery (ISGLS) criteria and
90-day postoperative mortality.'”>*"**

Data acquisition and management

Data from each centre were collected using the Castor Electronic
Data Capture (EDC) system (Castor EDC, Amsterdam, The
Netherlands). Liver volumetry was performed using Syngo.via
(Siemens Healthineers, Erlangen,

Germany), Synapse 3D
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(Fujifilm, Tokyo, Japan) and IntelliSpace Portal (Phillips,
Amsterdam, The Netherlands) software. Volumetrics were car-
ried out independently by each centre and the choice of software
was at their discretion.

Statistical analysis

Continuous variables were reported as median and interquartile
range (IQR), categorical variables were presented as numbers
and percentages. Data on overall survival were estimated using
the Kaplan—Meier method using IBM SPSS Statistics 27 (IBM
Corp., Armonk, NY, USA). Graphs were generated using Python
(Python Software Foundation).

Results

Recruitment and baseline characteristics

Thirty-two patients were included in this analysis, with 22
recruited from the DRAGON registry and an additional 10 from
the EuroLVD registry. Patient demographics, tumour charac-
teristics and biochemical values before PVE/HVE are detailed in
Table 1. Most patients (20/32—63%) were classified as Bismuth
type III or IV pCCA, with a median serum bilirubin of 56 pumol/L
and C-reactive protein of 11 mg/L at time of embolisation.
Biliary drainage was performed in 81% of cases (26/32) by means
of endoscopic retrograde biliary drainage (ERBD) or percuta-
neous transhepatic biliary drainage (PTBD), additional details
regarding biliary drainage are listed in Supplementary Table 1.

Primary safety outcome

Postembolisation complications were observed in 28% of pa-
tients (9/32), with 22% of patients (7/32) having a severe
complication (CD > 3) between embolisation and the decision
to resect. All severe complications were specifically related to
cholangitis and required biliary reintervention. One patient (1/
32—3%) passed away due to biliary sepsis 14 days after emboli-
sation. Of the remaining eight patients with adverse outcomes
after PVE/HVE, six could not proceed to resection, mainly due to
persistent cholangitis in five patients, four of whom also devel-
oped tumour progression. Details of the embolisation outcomes
are summarised in Table 2.

Embolisation and volumetric response

All patients underwent single-session embolisation of both
portal and hepatic veins. PVE was mainly performed with an
ipsilateral transhepatic approach (31/32-97%) with glue
(NBCA + lipiodol) as embolic agent (27/32—84%). For HVE, a
transhepatic approach was applied in 19% of cases (6/32) and
vascular plug(s) as the only embolic agent in 38% (12/37). De-
tails regarding embolisation technique are
Supplementary Table 2. The median baseline FLR volume was
437 ml (IQR 339-572 ml), with a median sFLR of 29% (IQR
25-35%). After a median of 16 days (IQR 8-22 days), subse-
quent volumetry indicated a DH of 16% in sFLR (IQR 9-24%)

listed in
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Table 1 Baseline characteristics

Characteristic Patients (n = 32)

Age (years), median (IQR) 64 (60-70)
Sex, male 17 (63)
BMI (kg/m?), median (IQR) 25 (22-27)
Charlson Co-morbidity Index, median (IQR) 2 (2-4)
Performance Status
ECOG 0 5(16)
ECOG 1 23 (72)
ECOG 2 39
ECOG 3 1
Bismuth-Corlette Classification®
Bismuth | 3(10)
Bismuth Il 6 (21)
Bismuth llla 15 (52)
Bismuth lllb 3(10)
Bismuth IV 2(7)
Total bilirubin at time of embolisation (umol/L)°, 56 (22-202)
median (IQR)
INR before at time of embolisation®, median (IQR) 1.0 (0.97-1.1)

CA19-9 at time of embolisation (IU/ml)°, median
(IQR)

54.0 (38.2-202)

C-reactive protein at time of embolisation (mg/L), 11 (9-45)
median® (IQR)

Biliary drainage 26 (81)

Neoadjuvant chemotherapy, n (%) 0 (0)

Baseline data of patients. Data are n (%) unless otherwise specified.
BMI: Body Mass Index; ECOG: Eastern Clinical Oncology Group; INR:
International Normalised Ratio; CA-19-9: Carbohydrate antigen 19-9;
IQR: Interquartile range.

& Data was available for 29/32 patients regarding bismuth classification.
P Data was available for 31/32 patients regarding serum bilirubin and
INR, to convert bilirubin to mg/dL, divide values by 17.104.

¢ Data was available for 23/32 patients regarding CA19-9.

9 Data was available for 27/32 patients regarding C-reactive protein, to
convert C-reactive protein to mg/dL, divide values by 10.

and a KGR of 6.8% per week (IQR 3.6—14%). Details on DH and
KGR are listed in Table 2. Trends in liver volume after emboli-
sation are depicted in Fig. 1.

Resection

Of the 32 patients, 22 (69%) underwent surgical resection. De-
tails on resectability rates are listed in Table 2. Mean time be-
tween embolisation and resection was 37 days (IQR 26—51 days).
All resected patients underwent a right-sided resection. An RO
resection was performed in 55% of patients (12/22). After
resection, 55% of patients (12/22) experienced complications, of
which 23% (5/22) were Clavien-Dindo grade III or higher. One
patient experienced ISGLS grade B PHLF (1/22—4.5%) and no
grade C PHLF was observed within this cohort. No mortality
within 90 days after surgery was seen in this analysis. Median
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Table 2 Liver hypertrophy and PVE/HVE outcomes
Outcome
Baseline FLR (cc), median (IQR)
Baseline sFLR (%), median (IQR) FLR

Time from embolization to volumetry (days),
median (IQR)

Postembolization FLR (cc), median (IQR)

Patients (n = 32)
437 (339-572)

29 (25-35)

16 (8-22)

664 (490-787)

Postembolization sFLR (%), median (IQR) 45 (34-52)
Degree of hypertrophy (sFLR%), median (IQR) 16 (9—24)
%Hypertrophy (%), median (IQR) 60 (39-105)
Kinetic growth rate, median (IQR) 6.8 (3.6-14)
Time from embolization to resection in days, 37 (26-51)

median (IQR)

Any morbidity after embolization 9 (28)

Any major complication (CD > Grade Ill) 7 (22)
Cholangitis - Need for biliary reintervention 6 (19)
Biliary sepsis requiring ICU admission 1)

Resected patients 22 (69)

Reasons for failure to resect
Ongoing cholangitis 5
Progression of disease 5
Insufficient liver growth 3
Declining performance status 1
Biliary sepsis 1

Double vein embolization data of patients. Data are n (%) unless
otherwise specified. sFLR: Standardized future liver remnant (volume),
CD: Clavien-Dindo classification.

sFLR over Time per Patient

60

50

40t

SFLR (%)

301

20!

0 10 20 30 40 50
Time (days)

—e— Individual patient sFLR growth
—e— Median sFLR growth (KGR)

Figure 1 Overview of liver hypertrophy over time. sFLR: stand-
ardised future liver remnant; KGR: Kinetic Growth Rate. KGR is
calculated by dividing the difference in sFLR by the number of weeks
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Table 3 Perioperative outcomes of resection
Outcome Patients (n = 22)
421 (323-488)

1200 (925-1275)

Duration of surgery (minutes), median (IQR)
Blood loss? (cc), median (IQR)

Surgical technique

Right hemihepatectomy 4 (18)
Extended right hemihepatectomy 18 (82)
90-day postoperative complications
Any complication 12 (65)
Any major complication (CD > Grade Ill) 5 (23)
Posthepatectomy liver failure®
None 17 (77)
Grade A 4 (18)
Grade B 1(5)
90-day mortality after resection® 0 (0)
Resection margin
Negative resection margins (R0O) 12 (565)
Microscopic tumour infiltration (R1) 5 (23)
Macroscopic residual tumour (R2) 5 (23)
Lymph node invasion 12 (565)
Retrieved lymph nodes, median (IQR) 5 (2-9)
Follow-up time (days), median (IQR) 469 (182-625)
No recurrence at last follow-up 14 (64)

Resection data of patients. Data are n (%) unless otherwise specified.
IQR: Interquartile range; CD: Clavien-Dindo classification.

2 Data was available for 14/22 patients regarding blood loss.

b According to International Study Group of Liver Surgery (ISGLS)
criteria.

¢ Data was available for 21/22 patients regarding 90-day mortality.

follow-up after embolisation was 332 days (IQR 146—553 days).
Mortality was 50% amongst the resected patients (11/22) and
60% amongst the unresected patients (6/10). Median estimated
survival time post-PVE/HVE was 617 days for the resection
group and 148 days for the non-resected cohort. Detailed peri-
operative outcomes are presented in Table 3.

Discussion

In this study, we explored the safety and efficacy of combined
PVE/HVE in patients with pCCA, aiming to optimise preoper-
ative procedures to improve resectability rates, surgical outcomes
and ultimately, long-term outcomes.

Our study has shown a morbidity rate of 28% following PVE/
HVE procedures, all of them related to (recurrent) cholangitis,
often requiring biliary reintervention. Most patients did undergo
a surgical resection and the majority of those who did not pro-
ceed to surgery was because of biliary infectious complications.
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Amongst those who proceeded to resection, the application of
PVE/HVE in this study was associated with notably low rates of
PHLF and an absence of 90-day mortality after resection.

In our cohort, we did not observe complications specifically
related to the PVE/HVE procedure. Reported complications after
PVE/HVE comprised only infectious biliary events. Biliary
complications after PVE have received limited attention in
existing literature. Di Stefano et al. documented complications in
12.8% of their patients after PVE (24 out of 188 cases), which
included thrombosis of the portal vein supplying the future
remnant liver, embolic material migration within the portal vein
feeding the FLR, haemoperitoneum, haemobilia, subcapsular
haematoma, and liver failure.”” Nagino et al. conducted a study
in Asia involving 240 patients with biliary cancer, primarily to
explore the role of PVE in managing these cancers. They re-
ported that there were no complications related to PVE requiring
blood transfusion, radiological, or surgical intervention. Sur-
prisingly, the study did not report any episodes of cholangitis
after embolisation.”* Recurrent cholangitis is one of the main
challenges in patients with malignant hilar biliary obstruction
and is often seen in patients that do not undergo embolisation.
Our data does not allow to conclude that PVE/HVE induces
(recurrent) cholangitis in this patient population, nor does
existing literature allow for a comparison with a PVE population.
The prevalence of cholangitis in patients undergoing PVE/HVE
may reflect underlying disease complexities or pre-existing
conditions rather than being a direct outcome of the procedure
itself.

The volumetric analysis of the FLR post-PVE/HVE revealed a
median DH of 16% and a KGR of 6.8% per week, indicating a
faster growth rate of the liver compared to standard PVE in
general, and in pCCA patients specifically.'”***® Notably, the
median interval between embolisation and surgery in our cohort
was 37 days, indicating a longer waiting time than generally re-
ported in existing literature on PVE/HVE or LVD.'****” Given
the rapid hypertrophy observed, this long interval may represent
an opportunity to expedite surgical scheduling, avoiding the
occurrence of preoperative infectious biliary complications and
associated repeated biliary interventions.

The resectability rate observed in our study was 69%, slightly
lower than the resection rates reported in other studies. For
instance, Nagino and colleagues achieved an 80.4% resection rate
in 240 patients with biliary tract (150 chol-
angiocarcinomas and 90 gallbladder cancers) who underwent
PVE.”* Ebata et al. reported a resection rate of 75.3% in 494
patients, and Higuchi and colleagues noted a resection rate of
78% in 811 patients.M’2
attributed to regional differences in pCCA case complexity, se-

cancer

% This discrepancy could possibly be

lection bias, local surgical experience and culture, and standards
in both indication, approach and experience in biliary
drainage.”” In the study by Nagino et al., patients exclusively
underwent percutaneous transhepatic biliary drainage (PTBD)
procedures by highly experienced teams. The method, timing
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and technical success of biliary drainage could be critical factors
influencing resection rates.’’ It is crucial to acknowledge that still
a significant portion of potentially resectable pCCA patients
receive drainage in non-specialised centres, which may
compromise resectability rates and (surgical) outcomes.’' In this
study, biliary drainage differed significantly between partici-
pating centres, complicating interpretation and generalisation of
these data.

More than half of patients had a complication after surgery.
This is comparable to reported numbers in current literature in
pCCA patients after major resection. Notably, the 90-day mor-
tality rate observed in our cohort was zero. Different studies
reported varying 90-day mortality rates, grossly between 10 and
17%, in current Western series.”” >” Relative to established
benchmarks in the field, the enhanced liver hypertrophy induced
by this approach could have reduced the risk of PHLE, a key
factor in postoperative mortality.”

This study is subject to several limitations, including selection
bias, its retrospective, non-comparative design and the small
sample size. Patients in this study were specifically selected for
PVE/HVE across multiple centres. The possible differences in
patient populations, those selected for a new and potentially
more aggressive procedure like PVE/HVE versus those in
standard PVE studies, can affect outcomes such as resection
rates, safety profiles, and postoperative recovery. This limits the
extent to which our findings can be generalised to all pCCA
patients undergoing liver hypertrophy procedures. Moreover,
the limited sample size restricts the statistical power of our
findings and may not accurately represent the broader patient
population. Furthermore, data on the increase in liver function
after PVE/HVE are lacking. These factors limit the general-
isability of our results and emphasises the need for larger,
prospective trials. Future research should ideally include large,
multicentre randomised studies to validate the safety of PVE/
HVE, and assess the long-term benefits on quality of life and
survival rates.

In conclusion, this study suggests that PVE/HVE safely in-
duces liver hypertrophy and improves KGR and preoperative
FLR volume in patients with pCCA. Resection after PVE/HVE
was associated with low levels of PHLF and 90-day mortality. The
study underscores the potential value of PVE/HVE in improving
safety and outcomes in pCCA patients undergoing resection,
while also pointing out the impact of cholangitis on resection
feasibility and outcomes.
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