World Journal of

World | Gastroenterol 2023 April 7; 29(13): 1911-2063



World Journal of
Gastroenterology

Contents Weekly Volume 29 Number 13 April 7, 2023

REVIEW

1911  Application of nanotechnology in reversing therapeutic resistance and controlling metastasis of colorectal
cancer

Ren SN, Zhang ZY, Guo RJ, Wang DR, Chen FF, Chen XB, Fang XD

MINIREVIEWS
1942  Interferon-lambda: New role in intestinal symptoms of COVID-19

Pan YY, Wang LC, Yang F, Yu M

1955  Comprehensive review on small common bile duct stones
Masuda S, Koizumi K, Shionoya K, Jinushi R, Makazu M, Nishino T, Kimura K, Sumida C, Kubota J, Ichita C, Sasaki A,
Kobayashi M, Kako M, Haruki U

1969  Liver transplantation in the management of cholangiocarcinoma: Evolution and contemporary advances

Borakati A, Froghi F, Bhogal RH, Mavroeidis VK

1982  Research progress on the mitochondrial mechanism of age-related non-alcoholic fatty liver

Wang D, Ji DC, Yu CY, Wu DN, Qi L

ORIGINAL ARTICLE

Case Control Study
1994  Gut microbiota predicts the diagnosis of celiac disease in Saudi children

El Mouzan M, Assiri A, Al Sarkhy A

Retrospective Study

2001  Preoperative prediction of macrotrabecular-massive hepatocellular carcinoma through dynamic contrast-
enhanced magnetic resonance imaging-based radiomics

Zhang Y, He D, Liu J, Wei YG, Shi LL

Observational Study

2015  Changes in characteristics of patients with hepatitis C virus-related cirrhosis from the beginning of the
interferon-free era

Brzdek M, Zarebska-Michaluk D, Rzymski P, Lorenc B, Kazek A, Tudrujek-Zdunek M, Janocha-Litwin J, Mazur W,
Dybowska D, Berak H, Parfieniuk-Kowerda A, Klapaczynski J, Sitko M, Sobala-Szczygiel B, Piekarska A, Flisiak R

Randomized Clinical Trial

2034  Exploring choices of early nutritional support for patients with sepsis based on changes in intestinal
microecology

Yang XJ, Wang XH, Yang MY, Ren HY, Chen H, Zhang XY, Liu QF, Yang G, Yang Y, Yang XJ

WJG | https://www.wjgnet.com I April7,2023 | Volume?29 | Issuel3 |

Jaishideng®



World Journal of Gastroenterology

Contents
Weekly Volume 29 Number 13 April 7, 2023

SYSTEMATIC REVIEWS

2050  Occam’s razor or Hickam’s dictum-COVID-19 is not a textbook aetiology of acute pancreatitis: A modified
Naranjo Score appraisal

Teng TZJ, Chua BQY, Lim PK, Chan KS, Shelat VG

Geisnidenge WIG | https://www.wjgnet.com 11 April7,2023 | Volume29 | Issue13 |



World Journal of Gastroenterology

Contents
Weekly Volume 29 Number 13 April 7, 2023

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Georgios Tsoulfas, AGAF, FACS, FICS, MD, PhD,
Professor, Transplant Surgery, Aristotle University of Thessaloniki School of Medicine, Thessaloniki 54124, Greece.
tsoulfasg@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJ]G, World | Gastroenterol) is to provide scholars and readers
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical
research articles and communicate their research findings online. WJG mainly publishes articles reporting research
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Current Contents/Clinical Medicine, Journal Citation Reports, Index Medicus, MEDLINE, PubMed, PubMed
Central, Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and
Technology Journal Database, and Superstar Journals Database. The 2022 edition of Journal Citation Reports® cites
the 2021 impact factor (IF) for WJG as 5.374; IF without journal self cites: 5.187; 5-year IF: 5.715; Journal Citation
Indicator: 0.84; Ranking: 31 among 93 journals in gastroenterology and hepatology; and Quartile category: Q2. The
WIJG’s CiteScore for 2021 is 8.1 and Scopus CiteScore rank 2021: Gastroenterology is 18/149.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ying-Y7 Yuan; Production Department Director: Xiang Ii; Editorial Office Director: Jia-Ru Fan.

NAME OF JOURNAL
World Journal of Gastroenterology

ISSN
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF
Andrzej S Tarnawski

EDITORIAL BOARD MEMBERS

hrrp:/ /www.wignet.com/1007-9327/editorialboard.htm

PUBLICATION DATE
April 7, 2023

COPYRIGHT
© 2023 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS

https:/ /www.wignet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS

https:/ /www.wijgnet.com/bpg/Gerlnfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

https:/ /www.wjgnet.com/bpg/gerinfo/240

PUBLICATION ETHICS

https:/ /www.wijgnet.com/bpg/Getlnfo/288

PUBLICATION MISCONDUCT

https:/ /www.wjgnet.com/bpg/gerinfo/208

5/ 8

ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/bpg/gerinfo/242
STEPS FOR SUBMITTING MANUSCRIPTS

https:/ /www.wijgnet.com/bpg/Gerlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

Guiewidenge WIG | https://www.wignet.com

I

April 7,2023 | Volume?29 |

Issue13 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.3748 / wjg.v29.i13.1969

World Journal of
Gastroenterology

World | Gastroenterol 2023 April 7; 29(13): 1969-1981

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

MINIREVIEWS

Liver transplantation in the management of cholangiocarcinoma:
Evolution and contemporary advances

Aditya Borakati, Farid Froghi, Ricky H Bhogal, Vasileios K Mavroeidis

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B, B
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Li HL, China; Zhang
JW, China

Received: December 6, 2022
Peer-review started: December 6,
2022

First decision: February 1, 2023
Revised: February 10, 2023
Accepted: March 21, 2023

Article in press: March 21, 2023
Published online: April 7, 2023

Jaishideng®

WJG | https://www.wjgnet.com 1969

Aditya Borakati, Farid Froghi, Department of HPB and Liver Transplantation Surgery, Royal
Free Hospital NHS Foundation Trust, London NW3 2QG, United Kingdom

Ricky H Bhogal, Vasileios K Mavroeidis, Department of Academic Surgery, The Royal Marsden
NHS Foundation Trust, London SW3 6]J, United Kingdom

Corresponding author: Vasileios K Mavroeidis, MD, MSc, FRCS, FACS, FICS, MFSTEd,
Surgeon, Department of Academic Surgery, The Royal Marsden NHS Foundation Trust, 203
Fulham Road, London SW3 6JJ, United Kingdom. vasileios.mavroeidis@nhs.net

Abstract

Cholangiocarcinoma (CCA) is an aggressive malignancy arising from the biliary
epithelium. It may occur at any location along the biliary tree with the perihilar
area being the most common. Prognosis is poor with 5-year overall survival at less
than 10%, typically due to unresectable disease at presentation. Radical surgical
resection with clear margins offers a chance of cure in patients with resectable
tumours, but is frequently not possible due to locally advanced disease. On the
other hand, orthotopic liver transplantation (LT) allows for a radical and poten-
tially curative resection for these patients, but has been historically controversial
due to the limited supply of donor grafts and previously poor outcomes. In
patients with perihilar CCA, within specific criteria and following the implemen-
tation of a protocol combining neoadjuvant chemoradiation and LT, excellent
results have been achieved in the last decades, resulting in its increasing accep-
tance as an indication for LT and the standard of care in several centres with
significant experience. However, in intrahepatic CCA, the role of LT remains
controversial and owing to dismal previous results it is not an accepted indica-
tion. Nevertheless, more recent studies have demonstrated favourable results with
LT in early intrahepatic CCA, indicating that, under defined criteria, its role may
increase in the future. This review highlights the history and contemporary
advances of LT in CCA, with particular focus on the improving outcomes of LT in
intrahepatic and perihilar CCA and future perspectives.

Key Words: Cholangiocarcinoma; Klatskin tumor; Liver transplantation; Liver cancer;
Liver resection; Neoadjuvant therapy
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Core Tip: Cholangiocarcinoma (CCA) is an aggressive malignancy with poor prognosis. Radical surgical
resection with clear margins may offer a chance of cure but is frequently not possible due to locally
advanced disease. In the last two decades, within specific criteria, a protocolised combination of
neoadjuvant chemoradiation and orthotopic liver transplantation (LT) has produced excellent results in
patients with perihilar CCA, while favourable results have been shown with LT in early intrahepatic CCA
in recent years. We review the history and contemporary advances of LT in CCA and discuss future
perspectives.

Citation: Borakati A, Froghi F, Bhogal RH, Mavroeidis VK. Liver transplantation in the management of
cholangiocarcinoma: Evolution and contemporary advances. World J Gastroenterol 2023; 29(13): 1969-1981

URL: https://www.wjgnet.com/1007-9327/full/v29/i113/1969.htm

DOI: https://dx.doi.org/10.3748/wjg.v29.i13.1969

INTRODUCTION

Cholangiocarcinoma (CCA) is a malignancy of the biliary epithelium. It is rare, affecting less than 6
persons per 100000 population[1,2]. CCA carries a poor prognosis with 5-year overall survival (OS) rates
for all stages and subtypes at less than 10%[3-5]. CCA is further subdivided depending on the site of
origin of the tumour in the biliary tract, with intrahepatic, perihilar (further subdivided by the Bismuth-
Corlette classification) and distal variants recognised (Figure 1). These subtypes vary not only in their
anatomical site, but also their biology with distinct phenotypes[6].

Complete surgical resection is the only curative therapy in CCA but is precluded in most individuals
due to advanced disease at presentation. Unresectable disease has a median survival of between 6 mo to
1 year[7]. The type of surgical resection offered varies depending on the anatomic subtype of the CCA.
Intrahepatic and perihilar CCAs mandate liver resections with or without excision of the extrahepatic
bile ducts depending on the location and radiological[8] extent of invasion of the tumour. The risk of
postoperative liver failure is largely dictated by the quality and volume of the future liver remnant
which may prohibit resection in many patients. Techniques such as portal vein embolization and
associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) have been
developed to extend the limits of resectability in liver surgery by inducing hypertrophy in the
contralateral side of the liver (if/when disease-free), hence increasing the future liver remnant[9].
However, ALPPS is largely considered contraindicated in perihilar CCA (phCCA) owing to high
perioperative mortality (48% at 90 d)[10]. For distal bile duct tumours, excision of the extrahepatic bile
duct is combined with a pancreatoduodenectomy to achieve an adequate oncological margin.

With all of the above procedures, arteriovenous invasion of the tumour was historically seen as an
absolute contraindication to resection with poor outcomes. More recently, both portovenous, caval and
arterial reconstruction of hepatic, superior mesenteric and even the coeliac arteries have been described,
with some series showing favourable long-term outcomes. Venous reconstruction can be performed
with similar perioperative morbidity to conventional resection, whilst long-term survival is equivalent
in some series[11]. Arterial reconstruction is associated with higher perioperative morbidity and
mortality and significantly lower long-term disease-free and OS compared to standard resection,
however, outcomes remain significantly superior to palliative care[12,13].

CCA may also involve both liver lobes either as a single mass at the hilum (Bismuth-Corlette type IV
phCCA), as multicentric disease or by metastasis making disease unresectable without complete
hepatectomy.

Despite this, most patients remain unresectable by virtue of locally advanced or distant metastatic
disease, with a dismal median survival of 11.7 mo with palliative chemotherapy[7].

Liver transplantation (LT) has emerged as a potential solution to expand resectability of locally
advanced CCA, with promising early patient outcomes. There is also new evidence that LT may confer
superior patient outcomes even in technically resectable tumours[14]. This review aims to summarise
the literature on the evolving role of LT in CCA.

HISTORY OF LIVER TRANSPLANTATION FOR MALIGNANCY

Initial indications for orthotopic liver transplants were focused on patients with malignancy[15]. Indeed,
the second successful LT was performed for intrahepatic CCA (iCCA), by transplantation pioneer
Thomas Starzl at the University of Colorado in 1963[15,16]. The recipient patient died on postoperative
day 7 from respiratory failure and gastrointestinal bleeding. The early experience with LT unfortunately
demonstrated prohibitively high perioperative mortality due to pulmonary emboli and haemorrhage,
because of the veno-venous bypass and excessive anticoagulation used at the time. Coagulopathic
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Figure 1 Classification of cholangiocarcinoma[62,71]. A: Anatomical classification of cholangiocarcinoma: Intrahepatic cholangiocarcinoma-proximal to
second order bile ducts; Perihilar cholangiocarcinomas-between second order branches of right and/or left hepatic ducts and cystic duct confluence; Distal
cholangiocarcinoma-between cystic duct confluence and Ampulla of Vater; B: Bismuth Corlette Classification of perihilar cholangiocarcinoma, https://creative
commons.org/licenses/by-sa/4.0/deed.en. Citation: Borakati A, Froghi F, Bhogal RH, Mavroeidis VK. Stereotactic radiotherapy for intrahepatic cholangiocarcinoma.
World J Gastrointest Oncol 2022; 14: 1478-1489 [PMID: 36160742 DOI: 10.4251/wjgo.v14.i8.1478] and Wikimedia Commons. File: Bismuth corlette classification for
perihilar cholangiocarcinomas.svg. 2020 Oct 9 [visited 3 February 2023]. Available from: https://commons.wikimedia.org/wiki/File:Bismuth_corlette_classification
for_perihilar_cholangiocarcinomas.svg.
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complications were overcome with the routine use of thromboelastography to guide correction of
clotting derangements in real-time. Veno-venous bypass was later used without anticoagulation and
obviated by newer surgical techniques such as the ‘piggy-back” method which retains the recipient
inferior vena cava and does not necessitate complete clamping of this vessel and the resultant
haemodynamic instabilities[17]. The other main driver of early postoperative mortality was biliary
sepsis and obstruction. This was largely overcome by routinely performing biliary anastomoses over T-
tubes or by using Roux-en-Y reconstructions.

The development of improved organ preservation solutions, most notably the University of
Wisconsin solution in 1988[18], allowed greater cold ischaemic times with consequent reductions in
vascular and biliary complications[19]. At present, liver malignancies indicated for LT in well selected
patients include hepatocellular carcinoma (HCC), hepatic epitheloid hemangioendothelioma, hepato-
blastoma and metastatic neuroendocrine tumours, while an increasing interest is developing about its
role in CCA and metastatic colorectal cancer[20].

LIVER TRANSPLANTATION FOR CHOLANGIOCARCINOMA

These advances combined with use of newer cyclosporine and steroid immunosuppression allowed
post-operative survival to increase significantly by the early 1980s and the Colorado group reported 1-
year survival in excess of 70% during this time. This allowed meaningful evaluation of the oncological
benefits of LT for the first time with postoperative recurrence rates and OS with cancer specific
mortality. Of the 6 patients transplanted for unresectable CCA who survived more than 1 mo postoper-
atively, only 3 (50%) had recurrence free survival at 1 year. Those who did have recurrence all
succumbed to disease at 1 year. The survival for those without recurrence at 1 year, ranged from 20 to 54
mo[21]. Poor survival for LT in CCA continued until the early 1990s, with 5-year overall, at less than
17% and recurrence greater than 50% in published series at the time[22-24].

The reasons for poor oncological outcomes despite optimisation of the LT procedure and
immunosuppression protocols are in the main, twofold: Poor patient selection in early series, with
presence of extrahepatic disease and utilisation for all anatomical subtypes of CCA, and absence of any
neoadjuvant or adjuvant therapies to prevent recurrence.

This led to the development of neoadjuvant chemoradiotherapy and pre-transplant exploratory
laparotomy protocols by the University of Nebraska[25] and Mayo Clinic in 1988 and 1993 respectively
for phCCA only. The latter’s results, initially published in 2000, showed of the 8 patients transplanted
with follow-up > 12 mo, all were alive at their last follow-up (median 44 mo, range 17 to 83 mo) and
only one patient developed a recurrence[26]. A subsequent study with 28 patients showed a 5-year
actuarial OS rate of 82% with only 4 (14.2%) developing recurrence at 23 to 63 mo post-LT[27].

These impressive results have led to the adoption of the Mayo Clinic protocol more widely (Figure 2).
In brief, patients with early stage hilar CCA on imaging (< 3 cm lesions, with no metastasis or lymph
node involvement) who are technically unresectable undergo endoscopic ultrasound and fine needle
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Figure 2 Mayo clinic protocol for liver transplantation in hilar cholangiocarcinoma. EUS: Endoscopic ultrasound; FNA: Fine needle aspiration; CA-
19-9: Carbohydrate antigen 19-9; FISH: Fluorescence in situ hybridization.
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aspiration of regional lymph nodes. Those with negative lymph nodes are given chemoradiotherapy for
5 wk and undergo laparoscopic or open abdominal exploration to exclude metastasis and examine
regional lymph nodes prior to LT[27,28].

Current status of liver transplantation

There is a global discrepancy between donor livers availability and the number of patients on the liver
transplant waiting list. Hence, there is understandably a clinical reticence in terms of utility to adopt LT
for CCA given the historical poor prognosis when established benign and malignant indications for LT
have proven significant benefit for this limited resource[29]. Established indications for LT include
predominantly benign, chronic liver disease such as alcoholic and non-alcoholic fatty liver disease;
autoimmune and metabolic pathologies such as primary sclerosing cholangitis (PSC) and Wilson’s
disease respectively and viral hepatitis. Paracetamol and other overdoses remain important acute causes
of liver failure in Western populations which are also indications for LT. Among liver malignancies, the
most widely established indication for LT is HCC, in which LT is only performed for early stage disease
as outlined in the Milan Criteria[29]. Contemporarily 1- and 5-year OS for these indications following
LT approach 95% and 85%, respectively[30]. New indications for LT will have to show comparable
outcomes to the established indications to justify investment and allocation of donor livers for these
purposes.

Following the publication of favourable results by the Mayo Clinic, with results similar to benign
indications for LT, the United Network for Organ Sharing in United States, granted an exception to the
Model for End Stage Liver Disease (MELD) used to prioritise those on the waiting list for LT. This
exception allowed patients who had completed neoadjuvant therapy and had favourable operative
staging to be added on the waiting list for LT with a MELD score equivalent to that of a patient with
stage 1 HCC (as an established indication for LT)[31]. This improved access to LT for patients with
phCCA and influenced the adoption of LT more widely with use of the MELD score and derivative
scores internationally for LT allocations[29]. Further considerations of transplant allocation include the
presence of underlying cirrhosis and greater degree of decompensation which increase the MELD score
and may influence waiting time for transplantation but may also influence OS and recurrence rates
when transplant is done for CCA.

The quality of the donor liver and whether it was from a live or deceased donor also has an impact on
postoperative outcomes. Living donor LT may offer shorter waiting times, but is associated with higher
rates of biliary complications (34% vs 17%, P < 0.001)[32]. Extended criteria donors with advanced age,
steatosis or donors after circulatory death (DCD)[33] may increase the pool of organs but may be
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associated with higher graft failure rates of 27.3% at 3-year with DCD livers vs 18.2% with donation after
brainstem death[34]. Normothermic machine perfusion is another new technique which allows
evaluation of graft function preoperatively and may further expand the donor pool and improve
outcomes by selecting grafts with more objectively proven function[35].

PERIHILAR CHOLANGIOCARCINOMA

The Mayo Clinic group published their series of LT for phCCA from the inception of their protocol in
1993 to 2019. Of 376 patients included into the protocol, 234 (62%) ultimately proceeded to LT. The
reasons for not proceeding to LT were primarily due to progression of disease prior to LT or metastasis
found on staging surgery. OS at 5 years [Kaplan-Meier (KM)] was 68% +/- 3% and at 10 years was 60%
+/-4%[36]. Other long-term follow-up and larger series have validated the Mayo Clinic protocol for LT
in phCCA. A multi-centre retrospective study from the United States of patients undergoing LT for
phCCA, with any neoadjuvant chemo- or radiotherapy reported on 287 patients. Two hundred and
fourteen (74%) proceeded to LT. Actuarial OS and disease-free survival (DFS) were 78% and 80%
respectively at a median follow-up of 2.5 years. KM 5-year DFS was 65% [95% confidence interval (CI)
57%-73%] with 5-year OS at 53% (95%CI: 46%-60%)[37]. Multicentre series in the United Kingdom[37],
Spain[38] and Germany[39] showed poorer results, likely as neoadjuvant protocols were not adopted at
the time. Hidalgo et al[37] in the United Kingdom reported 5-year actuarial OS of 20%, Robles and
colleagues 5-year OS of 30% in Spain and 31% in Germany pre-1998. Post-1998, when neoadjuvant
chemotherapy was adopted in German protocols, 5-year OS after LT increased to 48%. A recent meta-
analysis of retrospective series published before 2019 reported on 428 patients who underwent LT for
phCCA and demonstrated pooled 5-year OS without neoadjuvant therapy of 31.6% (95%CI: 23.1%-
41.7%) whilst with neoadjuvant therapy OS was 51.7% (95%CI: 33.8%-69.4%). Three years recurrence
rates were 51.7% (95%ClI: 33.8%-69.4%) without neoadjuvant therapy vs 24.1% (95%CI: 17.9%-30.9%),
highlighting the importance of neoadjuvant regimes[40].

Comparison of LT to resection with curative intent for phCCA has shown a trend in favour of LT,
albeit with high heterogeneity between studies. Ethun et al[14] performed a registry-based study of
patients with phCCA at 3 United States centres, who underwent either curative intent liver resection or
LT. Patients undergoing LT had neoadjuvant regimens similar to the Mayo protocol. One hundred
ninety-one patients underwent curative intent resection (without neoadjuvant therapies), whilst 46
underwent LT. Five-year KM OS was 64% in the LT vs 18% for the resection group (P < 0.001). There
was no significant difference in actuarial recurrence at a median follow-up of 23 mo, with 24% vs 37% (P
=0.19) for LT and resection groups respectively. Twenty nine percent of the patients undergoing LT had
no residual disease on explant, suggesting complete response to neoadjuvant therapy. The authors also
conducted an intention-to-treat analysis of patients who were enrolled in the transplant protocol and
patients who were planned for curative intent resection or who had attempted curative intent resection.
Five-year OS was still higher in the LT group at 53% vs 17% (P < 0.001) for the resection group[14].

Moris and colleagues performed a meta-analysis of studies with patients with locally advanced
phCCA comparing LT and resection with curative intent. Local staging and nodal involvement were
similar in both groups. There was a higher rate of RO resection in patients with LT, 92.2% vs 73.3% [Risk
Ratio (RR) 1.17, 95%CI: 1.03-1.33, I> = 46%]. They also reported a higher 3-year OS with a lower hazard
ratio (HR) of death (HR 0.61, 95%ClI: 0.4-0.93, I* = 39%). At 5 years, there was a trend towards increased
OS for LT, but this was not significant (HR 0.67, 95%Cl: 0.44-1.02, I = 54%)[41].

PSC

PSC is an important subgroup of patients undergoing LT in CCA. PSC is a significant risk factor for
development of CCA and is in itself an indication for LT due to progressive liver dysfunction. PSC is
associated with a higher rate of multifocal CCA precluding oncological resection or necessitating more
extensive resection. Further, the poor quality of the liver parenchyma due to the disease may mean that
the regenerative capacity of the liver is reduced which in turn limits the extent of resection possible.
These factors typically preclude curative liver resection, even for small, localised lesions[43]. This
prompted consideration for the alternative approach of LT for CCA, in particular phCCA, to mitigate
the limitations of standard liver resection, and is one of the accepted inclusion criteria for the Mayo
Clinic protocol[27]. Current data are clearly in favour of a protocolised approach with neoadjuvant
chemoradiation followed by LT in PSC-associated phCCA, as the optimal treatment strategy, with
superior outcomes when compared with de novo phCCA[42-44]. The Mayo Clinic series found a
significantly higher 5- and 10-year survival in patients with PSC after LT, 74% and 67 % vs 58% and 47 %
respectively in patients with de novo CCA[35]. The meta-analysis by Cambridge et al[40] also supports
that in unresectable phCCA, combined neoadjuvant chemoradiation followed by LT confers long-term
survival in highly selected patients able to complete the protocol with the most favourable outcomes
observed in PSC patients[43]. Despite the lack of direct evidence, it has been hypothesized that the
significantly better outcomes in PSC patients could be at least in part explained by a possible higher
responsiveness to radiation therapy for phCCA arising on a background of PSC[35,42,45].
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INTRAHEPATIC CHOLANGIOCARCINOMA

While phCCA is now increasingly accepted as an indication for LT using the Mayo Protocol, iCCA is
still largely considered a contraindication[30]. Although early attempts at LT for CCA did not
distinguish between subtypes in many cases and consequently iCCAs were transplanted[21] the
outcomes remained poor until the advent of neoadjuvant protocols, such as that of the Mayo Clinic
which are only applied to phCCA. Most literature on LT, therefore, focuses on incidentally found iCCA
on explant, in patients who were transplanted for presumed HCC, which does not typically undergo
neoadjuvant systemic therapy prior to transplant but rather only locoregional therapy such as radiofre-
quency ablation. There remains a lack of evidence to support such protocols for iCCA, partly because
iCCA is the least common subtype of CCA (10% vs phCCA which represents 50%[46]) but also because
of its distinct biological characteristics compared to other forms of CCA, with some being defined as
mixed hepatocellular and intrahepatic cholangiocarcinomal2].

Krasnodgbski et al[47] provided one of the oldest series of 8 patients found on explant to have iCCA,
having undergone LT without neoadjuvant therapies, from 1994-2019. Five-year OS and DFS were 25%
and 28.6% respectively[47]. Lee et al[48] reported on their experience of LTs with pre-transplant
diagnoses of HCC who were found to have iCCA on explant pathology. The majority of these patients
also underwent neoadjuvant locoregional therapies such as radiofrequency ablation or transarterial
chemoembolization. Seventeen cases of iCCA were identified from 1998-2018 and had 5-year actuarial
OS of 51.9% and recurrence rate of 29.4%. This compared to the patients with HCC transplanted
contemporaneously with OS of 71.5% and recurrence rate of 10.8%. Mixed hepatocellular and CCA LTs
had a similar OS to iCCA at 55.0% but a significantly higher recurrence rate of 40.7%[48]. It was thought
that perhaps the poor results for iCCA were due to poor patient selection as with phCCA and HCC. The
latter is established as an indication for LT, but widely governed by the Milan criteria which restrict
transplantation to early-stage tumours[49].

Sapisochin and colleagues performed a multicentre retrospective cohort study in Spain comparing
incidentally found iCCA/mixed HCC/iCCAs on LT explant and LT for HCC. They found a significant
decrease in survival in patients with pure iCCA compared to HCC (5-year actuarial OS 51% vs 93%
respectively, P < 0.001), however mixed HCC/iCCAs had no significant difference in 5-year actuarial
OS at 86% (P = 0.9). Subgroup analysis of patients with uninodular tumours < 2 cm in size, showed that
of 12 patients with mixed HCC/iCCA (n = 5) and pure iCCA (n = 7), 5-year actuarial OS was 62% vs
80% in the HCC group (P = 0.4), implying no significant difference in survival. This finding may have
been due to the low numbers of patients however[50].

A follow-up international multicentre retrospective series evaluating LT in early stage iCCA with
unresectable unifocal tumours < 2 cm in size was conducted. Five-year actuarial OS in 14 patients with
early stage iCCA was 65% vs 45% in those with advanced disease. KM recurrence rates were 18% at 5
years for early tumours compared to 61% for advanced tumours[51]. These figures compare favourably
to curative intent liver resections with negative margins in iCCA with 5-year OS in the range of 30%-
40% for all sizes of tumour. Early stage tumours < 2 cm in size can have near 100% survival at 5 years
with negative margin resections. However, recurrence remains high with 5-year recurrence as high as
80% in the literature[52,53]. Hue et al[54] also did not find any significant differences in survival or
recurrence with resection or LT for iCCA in their propensity matched registry-based study in the United
States[54].

Studies which include neoadjuvant therapy prior to LT similar to the Mayo Protocol are limited to
small case series. Lunsford et al[55] evaluated 12 patients with non-metastatic iCCA > 2 cm in size who
were unresectable. They underwent neoadjuvant gemcitabine and platinum-based chemotherapy for 6
mo, and those who showed stable disease or regression proceeded to transplant. Six (50%) proceeded to
LT and 5-year KM OS was 83.3% (95%CI: 27.3%-97.5%). Three patients developed recurrent disease at a
median of 7.6 mo[56]. Wong et al[57] performed a similar study with the addition of transarterial
chemoembolization and pre-transplant operative staging. Of 18 patients who started the neoadjuvant
therapies only 5 (27.8) proceeded to transplant. Follow-up was limited to 1 year, actuarial OS was 80%
(the single death was due to tumour recurrence) and recurrence developed in 2 patients (40%)[56].

A meta-analysis combining the above studies and others found a pooled 5-year OS of 42% (95%Cl:
29%-55%) and 5-year DFS of 49% (95%CI: 41%-57%). However, the studies were all clinically hetero-
geneous with different preoperative protocols, different stages of tumours, degrees of cirrhosis in the
background liver and used a variety of donor grafts. There was also statistically significant hetero-
geneity in all the meta-analyses with I* values being significant at the < 0.01 Level[57].

Interpretation of all the above results is difficult given significant clinical differences in each study.
But overall, it can be concluded that while LT can improve outcomes compared to palliative therapy for
unresectable iCCA, the outcomes compared to transplant for other indications including phCCA are
poorer at present, although evidence is limited. Very early stage unresectable tumours < 2 cm in size
appear to have excellent prognosis with LT, with improved outcomes compared to even curative intent
resection for iCCA. More evidence is needed, however, there is increasing opinion that unresectable
iCCA may become an extended indication for LT in the same way as phCCA has. In 2020, the European
Network for the Study of CCA endorsed the value of this modality as a potentially curative option for
iCCA in a consensus statement, and recommended it should be considered especially in patients with
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very early stage unresectable tumours (< 2 cm) and concomitant cirrhosis[2].
A summary of key series of liver transplantation for phCCA and iCCA is presented in Table 1.

DISTAL CHOLANGIOCARCINOMA

phCCAs may extend down into the distal bile duct and it is established with the Mayo Protocol to
potentially treat these with combined LT and pancreatoduodenectomy and many of the studies
discussed above incorporate this either as a planned procedure or due to intraoperative findings of
tumour extension[40]. Literature on LT in distal CCA (dCCA) is limited as these tumours are less likely
to involve the liver and can be completely excised with pancreatoduodenectomy or bile duct excision
with reconstruction depending on the site of the tumour. Extension into the liver or hilum would
typically render the disease unresectable. Attempts at hepatopancreatoduodenectomy for these patients
have been technically challenging with high rates of perioperative morbidity and mortality at up to
97.4% and 26% respectively in recent series. Five-year OS has ranged from 17.9%-49.2%[58]. Total
hepatectomy, LT and pancreatoduodenectomy may have potential to be a better alternative therapy in
this population. Case reports are sparse as dCCA is commonly an incidental finding in the context of LT
for phCCA. Sutcliffe et al[59] report two patients at King’s College Hospital, United Kingdom who
underwent LT for PSC but were found to incidentally have dCCA on the bile duct explant. They then
underwent pancreatoduodenectomy 2 mo post-transplant. One patient died due to other causes with no
evidence of recurrent disease over 5 years later. The other patient died 5 mo after pancreatoduoden-
ectomy due to recurrence[59].

Patients with PSC may also develop dCCA and require resection for this and also LT for their
underlying liver disease. Stauffer et al[61] reported on 6 patients with dCCA and PSC who underwent
both LT and classical Whipple’s procedure. One patient survived to 58 mo of follow-up without any
evidence of recurrence. Another patient, with an early T1 tumour survived to 52 mo of follow-up, with
recurrence. All other patients developed recurrence and did not survive to 2 years[60].

DIRECTIONS FOR FUTURE RESEARCH

The literature at present consists mainly of retrospective case series of LT in CCA and predominantly in
phCCA. The studies are heterogeneous in patient populations, in terms of staging of disease,
preoperative neoadjuvant therapies, types of donor livers used and postoperative management and
follow-up. Prospective multi-centre observational studies are needed for more robust evaluation of the
Mayo Protocol and any modifications to the protocol should ideally be evaluated in a randomized trial.
Unfortunately, due to the many confounding variables involved in LT and CCA and the rarity of
suitable cases in general, recruitment to such trials with restrictive inclusion criteria to keep populations
homogenous will no doubt be challenging.

The TRANSPHILL trial in France, has been ongoing since 2014 and aimed to recruit 54 patients with
resectable phCCA for randomisation to either curative intent resection or LT. The primary outcome is 5-
year OS, and 3-year recurrence is a secondary outcome[61]. Results are eagerly awaited from this trial as
of writing, however, if the positive results of Ethun et al[14] are confirmed, this would represent a true
paradigm shift away from resection to LT in phCCA.

The development of international registries may allow more generalisable and homogenous research
beyond simple case series in future, by increasing the number of cases presented and capturing all
relevant variables systematically.

Adjuvant and neoadjuvant protocols
Addition of newer neoadjuvant therapies such as stereotactic body radiation therapy (SBRT) have
shown promise in preventing disease progression with lower toxicity than traditional external beam
radiotherapy and may be beneficial prior to LT[62]. Oncological therapy has advanced in the
management of CCA with improvement of survival with combination of folinic acid, fluorouracil, and
oxaliplatin (FOLFOX) as a second line chemotherapy agent[63] and with recent trial results showing a
benefit for immunotherapies in CCA[64]. Both have potential as neoadjuvant or adjuvant therapies in
CCA patients considered for LT. Finally, the BILCAP trial established capecitabine as an effective
adjuvant agent after resection of CCA as the standard of care, by showing improved OS[65]. There have
been no studies on adjuvant therapy after LT for CCA and this too may improve survival in this setting.
Further, immunosuppression is known to be a risk factor for the development of malignancy and
recurrence. There has been little research into the optimum suppressive regimen to balance the risks of
graft rejection vs risk of recurrence after LT for CCA. In LT for HCC, there has been some evidence that
reduction of immunosuppression[66] and use of mechanistic target of rapamycin (mTOR) inhibitors of
suppression has a beneficial effect on OS after recurrence[67]. A recent series of patients undergoing LT
for iCCA and phCCA showed that a reduced immunosuppressive regimen after recurrence was
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Table 1 Summary of key contemporary series of liver transplantation for cholangiocarcinoma

Outcomes (5-year)'

. Tumour anatomical Total patients ( Median follow- - -
Ref. Country Design Treatments (s) Overall survival  Disease free Graft
subtype n) uplyr (range) ¢ )
(%) survival (%) survival (%)

Azad et al[28],2020  United States ~ Retrospective, single Perihilar Neoadjuvant chemo-radiotherapy De novo: 148, - De novo: 58 KM, De novo: 55 KM, -
centre and LT PSC: 228 PSC: 74 KM PSC: 78 KM

Darwish Murad etal  United States ~ Retrospective, multi- Perihilar Neoadjuvant chemo-radiotherapy 287 2.5 (0.1-17.8) 53 KM 65 KM 60 KM

[36], 2012 centre and LT

Hidalgo et al[37], United Retrospective, single  Perihilar LT 12 1.81 41 KM - -

2008 Kingdom centre

Robles et al[38], 2004  Spain Retrospective, multi- Perihilar LT 36 - 64 47 -
centre

Ethun et al[14], 2018  United States  Retrospective, multi- Perihilar Neoadjuvant chemo-radiotherapy 70 4.83 (0.025-10.6) 64 KM 24 KM -
centre and LT

Krasnodgbski et al Poland Retrospective, multi- Intrahepatic LT 8 30 25 28.6 -

[47], 2020 centre

Lee et al[48], 2018 United States  Retrospective, single Intrahepatic Neoadjuvant TARE/TACE/RFA and 17 Mean 4.2 51.9 70.6 -
centre LT

Sapisochin et al[50], ~ Spain Retrospective, multi- Intrahepatic Neoadjuvant ethanol 27 4.99 (0.97-11.9) 51 36 -

2014 centre injection/ TACE/RFA and LT

Sapisochin et al[51],  International — Retrospective, multi- Intrahepatic- early’ and ~Neoadjuvant ethanol Early'-15, Early-4.78, Early-65, Advanced- Early-86.7, -

2016 centre advanced injection/ TACE/RFA and LT Advanced-33 Advanced-2.06 45 Advanced-48.5

Hue et al[54], 2021 United States ~ Retrospective, multi- Intrahepatic Neoadjuvant chemo-radiation and LT 74 3.9 33 KM = =
centre

Lunsford et al[55], United States ~ Prospective, single Intrahepatic Neoadjuvant chemotherapy and LT 6 3 (2.42-4.25) 83.3 50 100

2018 centre

Wong et al[56], 2019  United States ~ Prospective, single Intrahepatic Neoadjuvant chemotherapy and 5 1.84 80 60 -
centre TACE and LT

1Early tumours defined as < 2 cm in size.
PSC: Primary sclerosing cholangitis; KM: Kaplan-Meier; LT: Liver transplant; TARE: Trans-arterial radioembolization; TACE: Trans-arterial chemoembolization; RFA: Radiofrequency ablation.

significantly associated with survival with an increased odds ratio of survival at 4.2 (95%CI: 1.3-13.6; P =
0.02)[68].

Further advances in LT and perioperative care along with novel chemotherapeutic and biological
agents may lead to further improved outcomes[69].
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Establishment of LT as a treatment modality for CCA

For LT to become uniformly established as a treatment modality for CCA, in both iCCA and phCCA,
consistent reports with 5-year survival exceeding 50% and in the range of established indications of LT
are needed in each group. The supply of donor livers will need to be improved to match increased
demand from this population of patients and technologies such as normothermic machine perfusion
and policy changes such as opt-out organ donation[70] being more widely enacted are expected to
increase this supply.

CONCLUSION

LT has emerged as an effective treatment option for CCA in suitably selected patients. Treatment of
unresectable phCCA has been transformed by LT with all modern series approaching parity with
outcomes with other indications for transplant. Early evidence shows that LT may offer even better
survival than curative intent resection for early resectable hilar tumours and may render transplant as
the treatment of choice for the disease. Evidence for LT in iCCA is limited, but has considerable
potential, with comparable outcomes to perihilar tumours in early disease and might become an
established treatment option for suitable patients. Further improvements in LT and postoperative
management along with novel chemotherapeutic and biological agents may further improve the current
outcomes. Larger, high quality studies are needed in each group of tumours.
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