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Liver Transplantation for Cholangiocarcinoma
and Mixed Hepatocellular Cholangiocarcinoma:
Working Group Report From the ILTS Transplant
Oncology Consensus Conference
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Abstract. Liver transplantation for cholangiocarcinoma has been an absolute contraindication worldwide due to poor
results. However, in recent years and thanks to improvements of patient management and treatments of this cancer, this
indication has been revisited. This consensus paper, approved by the International Liver Transplant Society, aims to provide
a collection of expert opinions, consensus, and best practices surrounding liver transplantation for cholangiocarcinoma.

(Transplantation 2020;104: 1125-1130).

INTRODUCTION

Cholangiocarcinoma (CCA) is a tumor of the bile duct
epithelium with poor prognosis. CCA is classified accord-
ing to location, with ~5%-10% of lesions being intrahe-
patic CCA (iCCA). The remaining 90% are extrahepatic,
with the majority being perihilar CCA (pCCA)." The
incidence in the United States is 1.2 in 100000, whereas

Received 4 December 2019. Revision received 16 February 2020.
Accepted 20 February 2020.

" Multi-Organ Transplant Program, Division of General Surgery, Toronto General
Hospital, University Health Network, University of Toronto, Toronto, Canada.

2 MD Anderson Cancer Center, Gl Medical Oncology, Houston, TX.

S Institut de Recherche Expérimentale et Clinique (IREC), Université catholique
de Louvain (UCL), Brussels, Belgium.

¥ Department of General Surgery, Chiba University Graduate School of Medicine,
Chiba, Japan.

5J C Walter Jr Transplant Center, Sherrie and Alan Conover Center for Liver
Disease and Transplantation, Weill Cornell Medical College, Houston Methodist
Hospital and Research Institute, Houston, TX.

8 Department of Pediatric Surgery and Transplantation, Kumamoto University
Graduate School of Medlical Sciences, Kumamoto, Japan.

” Department of Surgery, LKS Faculty of Medicine, The University of Hong Kong,
Hong Kong SAR, China.

8 Division of Transplant Surgery, Mayo Clinic College of Medicine, Rochester, NY.
The authors declare no funding or conflicts of interest.

All authors contributed equally to this manuscript as part of a working group of
the ILTS consensus conference held in Rotterdam in February 2019.

Correspondence: Gonzalo Sapisochin, MD, PhD, MSc, University of Toronto,
HBP & Multi Organ Transplant Program, Division of General Surgery, University
Health Network, 585 University Ave, 11PMB184, Toronto M5G 2N2, ON,
Canada. (Gonzalo.Sapisochin@uhn.ca).

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0041-1337/20/1046-1125
DOI: 10.1097/TR0000000000003212

Transplantation m June 2020 m Volume 104 m Number 6

it is significantly higher in Eastern Europe and Asia and
appears at least for iCCA to be increasing worldwide prob-
ably explained by better identification and classification.*>
Standard treatment for CCA is resection; advances in oper-
ative techniques, such as the use of vascular reconstruction
and preoperative biliary drainage, have led to improved
outcomes.*® pCCA patients who are eligible for resection
can reach 5-y overall survival (OS) rates of 25%-40%.
Unfortunately, many patients present with unresectable
disease.*” For iCCA, the survival depends on the extent
of disease at presentation. Those with metastatic disease
do not benefit from resection, whereas those with single
tumor that can be completely resected may have excel-
lent long-term outcomes. In cases in which the tumor is
unresectable but confined to the liver, liver transplantation
(LT) may be an option. This work is the result of an expert
Consensus Conference in Transplant Oncology. The pro-
posed recommendations are based on the GRADE system.

LT for pCCA

Because of high recurrence and unacceptably low sur-
vival, LT was initially contraindicated in patients with
pCCA.""12 However, a protocol combining neoadjuvant
radiotherapy followed by LT in patients with early-stage
disease was developed. After several promising single-
center reports, a large multicenter retrospective study of
216 patients with early-stage, unresectable pCCA treated
with neoadjuvant chemoradiotherapy followed by LT from
12 US centers demonstrated 5-y disease-free survival (DFS)
rates of 65%.""5 Subsequent reports have identified risk
factors for waitlist drop-out and disease recurrence, which
has not only validated the current selection criteria but
also identified those who could be selected for investiga-
tion of future potential therapies.'®!” In order to qualify
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for model for end-stage liver disease exceptions in the cur-
rent US allocation system, a patient must have unresectable
disease (either due to locally advanced tumor with exten-
sive vascular and/or biliary invasion precluding complete
resection or because of poor hepatic functional reserve due
to underlying liver disease predisposing the patient to pos-
thepatectomy liver failure), which is originating above the
cystic duct and is <3 c¢cm in radial diameter, with no evi-
dence of intrahepatic or extrahepatic metastases, and must
be treated with neoadjuvant therapy at a center with an
approved protocol. Even with a model for end-stage liver
disease score exception, given the critical organ shortage,
the waiting time is still very long. Living donor LT provides
the opportunity for more timely access to transplantation,
thus reducing waitlist morbidity and mortality.

Technical modifications for deceased donor LT include
replacing the native hepatic artery with an arterial con-
duit from the aorta using decease donor iliac artery inter-
position graft as injury from radiation is progressive, and
thus, the artery is more damaged over time. In living donor
LT, avoidance of hilar dissection to prevent tumor spill-
ing usually results in a short recipient portal vein requiring
a vein graft to restore allograft venous inflow, although
typically the native artery is still suitable for use given the
reduced interval from neoadjuvant therapy and transplant.
However, the team should also be prepared for an arte-
rial jump-graft from the abdominal aorta to the hepatic
artery of the graft liver (autologous venous conduit either
from the great saphenous vein or superficial femoral vein
is a potential graft) in this setting, which is the standard
technique for arterial reconstruction established by Mayo
Clinic to overcome delayed radiation injury in the native
hepatic artery in deceased donor LT cases (because of the
waiting time on the list).

The majority of the published experience has been using
a protocol of external beam radiotherapy plus brachy-
therapy with a continuous infusion of 5-fluorouracil as a
radiosensitizing agent, followed by oral capecitabine until
transplant. There are reports using stereotactic beam radi-
otherapy, and gemcitabine plus cisplatin,® and there are
no comparative studies between the different regimens.

Diagnosis of pCCA is challenging because of the loca-
tion and desmoplastic nature of the tumor. Current diag-
nostic criteria include a dominant stricture and 1 or more
of the following: positive cytology by endoscopic brush-
ing or biopsy demonstrating pCCA, fluorescence in situ
hybridization fluorescence in situ hybridization polysomy
or elevated carbohydrate antigen (CA) 19.9 > 100 U/mL in
the absence of cholangitis.

Controversies have centered on the challenge of estab-
lishing the diagnosis, whether the neoadjuvant therapy is
actually needed, and most recently whether combined
neoadjuvant chemoradiotherapy should also be offered
to patients with resectable disease. Concern regarding
establishing the diagnosis was addressed by a study from
Mayo Clinic that examined those with and without a tis-
sue diagnosis before initiation of neoadjuvant therapy and
found no difference in the rates of residual malignancy in
the explanted liver, and no difference in the risk of recur-
rence disease following transplantation.”! The question of
whether the therapy is actually needed has been raised by
a study of 249 patients in the European Liver Transplant
Registry transplanted during 1990-2010. They selected
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28 patients who met the selection criteria currently used
by united network for organ sharing except they did not
receive neoadjuvant therapy.”” This group had a 5-y OS of
59% and thus the authors argue that selection alone is the
essential component. However, concerns about the impact
of selection bias have limited the interpretation of these
findings, and there are multiple other reports that note high
recurrence rates and poor survival in patients transplanted
with incidental, early pCCA. A recent multicenter retro-
spective study found that patients with unresectable pCCA
undergoing combined neoadjuvant therapy and LT had
superior 5-y OS (64% versus 18%; P < 0.001), versus those
undergoing resection who otherwise met LT criteria. Results
remained significant in an intention-to-treat analysis, even
after accounting for tumor size, nodal status, and primary
sclerosing cholangitis (P = 0.049).% The critical shortage of
available liver allografts plus the need for life-long immuno-
suppression are important considerations that must also be
considered, and there is an ongoing prospective randomized
trial in France (NCT02232932), which has the potential to
answer this question. This is a multicenter study comparing
an interventional group with LT preceded by neoadjuvant
chemoradiation therapy and a control group undergoing
liver and extrahepatic bile duct resection for “resectable”
pCCA, with OS at 5 y being the primary endpoint.

Recommendations

1. LT for pCCA can be considered in patients with unre-
sectable disease after neoadjuvant chemoradiation in
centers with a specific protocol (moderate level of evi-
dence, conditional recommendation).

2. Transplant teams should prepare for arterial and venous
jump grafts in the setting of LT for pCCA (moderate
level of evidence, strong recommendation).

3. Diagnostic criteria for pCCA in the setting of LT include
a dominant stricture of the perihilar bile duct and 1 or
more of the following: positive cytology by endoscopic
brushing or biopsy demonstrating pCCA, fluorescence in
situ hybridization polysomy, or elevated CA 19.9 > 100
U/mL in the absence of cholangitis (moderate level of
evidence, conditional recommendation).

LT for iCCA

iCCA can arise both in cirrhotic and noncirrhotic
patients. Typically, iCCA in cirrhotic patients is found
through surveillance ultrasounds. When the detected nod-
ule does not demonstrate typical features of hepatocellular
carcinoma (arterial enhancement with washout during the
portal phase on dynamic imaging), a biopsy is performed
and the diagnosis of iCCA is obtained. Meanwhile, iCCA
in noncirrhotic livers with large (>5-7cm), mass-form-
ing tumors or multicentric tumors are associated with
decreased prognoses.”*

Diagnosis of iCCA should be confirmed with a tumor
biopsy after cross-sectional imaging has been performed.
Given the new discoveries in molecular pathways (see
Molecular Profiling section), it is suggested to perform
genomic profiling through whole genome sequencing.

The treatment of choice of iCCA is liver resection (LR).
Unfortunately, a majority of patients are unresectable at
the time of diagnosis. For some of these patients, LT may
be an option when the tumor is confined to the liver.

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



© 2020 Wolters Kluwer

LT for iCCA in Cirrhotics

Since the early 2000s, several publications have shown
that LT might be an option for patients with unresectable
iCCA. Sapisochin et al*® assessed a cohort of 29 patients
who underwent LT for hepatocellular carcinoma (HCC)
and found to have iCCA in the explant. Their 5-y OS was
45%.% Patients with very early iCCA (defined as single
tumor < 2c¢m) had lower 5-y risk of recurrence (18% ver-
sus 65%, P = 0.01) and greater 5-y OS (65% versus 45%,
P = 0.02) than those with multifocal and larger tumors.
This observed benefit of LT for patients with early stages
of iCCA was confirmed in an international collaborative
study containing 48 patients. Their 5-y cumulative risk of
recurrence was 18% (very early iCCA) and 61% (more
advanced disease) (P = 0.01); the 5-y OS were 65% and
45%, respectively (P = 0.02).*® The application of LT
for cirrhotic patients with unresectable (due to impaired
liver function) very early iCCA still requires validation
by a prospective study. This study is currently accruin%
(NCT02878473) and results are expected within 5 y.”
Until further investigation, iCCA should remain a contrain-
dication for LT out of clinical trials.

LT for iCCA in Noncirrhotics

In the noncirrhotic population, situations in which iCCA
is deemed unresectable and LT is considered include: local
enhancement of the vital vessels (hepatic artery, portal vein,
and hepatic vein) or extensive bilateral infiltration of the
bile duct, and multifocal, bilobar disease in which curative
resection cannot be achieved even by aggressive approaches,
such as combined vascular resection and extended hepatec-
tomy, provided that there is no lymph node involvement
and extrahepatic disease. Lunsford et al*® have published
a prospective case-series of 21 patients with unresectable
iCCA who were assessed for LT. This series had a well-
defined neoadjuvant protocol. Inclusion criteria were soli-
tary tumor >2cm or multifocal disease confined to the liver
without evidence of macrovascular or lymph node involve-
ment and sustained response to neoadjuvant systemic chem-
otherapy. Among the initial 21 patients, 12 were listed and 6
underwent LT. After a median follow-up of 36 mo, 3 patients
recurred. However, patient survival was 80% at 3 y.2* This
approach of neoadjuvant chemotherapy with or without
radiotherapy could be useful as downstaging therapy in
patients with unresectable iCCA or as a selection criteria for
LT."?%3% In a study from Rayar et al®' patients with unre-
sectable iCCA were treated with Y90 combined with sys-
temic chemotherapy. In this study, 8/45 (18%) patients were
successfully converted to resection.’! The use of neoadjuvant
therapies aiming to convert unresectable patients might be
preferable to LT under the light of organ scarcity. However,
even though some patients could be successfully downstaged
to resection, it would be fair to offer LT for patients who
remained unresectable in the absence of disease progression
during the neoadjuvant treatment. LT for iCCA should only
be offered under clinical trials at this stage.

Recommendations

1. Patients with very early iCCA (single tumor <2cm) in
a cirrhotic liver may benefit from upfront LT, whereas
those with advanced iCCA deemed unresectable in a
noncirrhotic liver may become LT candidates if the
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disease remains stable after neoadjuvant therapy (mod-
erate level of evidence, conditional recommendation).

2. When LT is planned for a cirrhotic patient with a nod-
ule demonstrating atypical radiological features of HCC
on cross-sectional imaging and iCCA is suspected, the
diagnosis can be confirmed with a tumor biopsy (moder-
ate level of evidence, strong recommendation). Given the
new discoveries in molecular pathways (see Molecular
Profiling section), it is suggested to perform genomic
profiling through whole genome sequencing for future
basic and translational studies (low level of evidence,
conditional recommendation).

3. The treatment of choice of iCCA is LR (high level of evi-
dence, strong recommendation), and LT is reserved for
unresectable cases and should only be performed under
strict clinical protocols or trials (moderate level of evi-
dence, strong recommendation).

Molecular Profiling of CCA

Until recently, there have been very few clinical advances
in the systemic management of patients with CCA and gem-
citabine-based chemotherapy remains the standard of care
for advanced disease over the past decade.*? This paradigm
is expected to change in the near future with the advent of
molecular profiling. Molecular profiling for somatic muta-
tions is now the standard of care for hematologic malignan-
cies and increasingly being utilized for the management of
solid tumors, like nonsmall cell lung cancer, melanoma, and
breast cancer. The goal of molecular profiling is to identify
novel biomarkers and targets, which can be explored for
their therapeutic value using novel inhibitors. Furthermore,
molecular profiling also facilitates disease stratification into
subgroups with prognostic implications. Whole-exome
sequencing studies have vastly improved our understand-
ing of biliary cancers and their molecular heterogeneity.>*3’
Next-generation sequencing (NGS) technologies, which
can sequence a panel of “actionable” mutations rapidly
at a reasonable cost, have revolutionized the field and can
potentially change the treatment paradigm of several can-
cers including CCA.*® Unfortunately, NGS is feasible only
in the minority of patients (particularly iCCA) who undergo
needle biopsies or surgical resection.”” Liquid biopsies for
circulating tumor DNA and on-treatment biopsies to assess
dynamic alterations in somatic mutations are also likely
to be transformative in this field. Mutation profiling has
highlighted the genomic differences between intrahepatic,
extrahepatic CCA, and gallbladder cancer.***® Intrahepatic
CCA has a relatively large number of actionable muta-
tions, perhaps more so than any other gastrointestinal
cancer.””*” The mutational spectrum of iCCA also differs
according to geographic location and ethnicity. There is a
higher incidence of chromatin modulating gene mutations
in Western patients as compared with Asian })atients with
liver-fluke—associated cholangiocarcinoma.’** KRAS and
P53 mutations may be associated with an aggressive dis-
ease prognosis, whereas FGFR mutations may signify a rel-
atively indolent disease course of iCCA.***! FGFR, IDH,
and BRAF mutations have promising agents in clinical tri-
als at this time.**** An estimated 10%-15% of CCA have
DNA repair mutations and 1% have microsatellite instabil-
ity.*>* These patients are potential candidates for clinical
trials with immune therapies with checkpoint inhibitors.
The incorporation of targeted therapy and NGS in the liver
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transplant setting is at its infancy at this time. However,
the promise of targeted therapies in this setting can be ful-
filled with well-designed, prospective, multicenter clinical
trials. Recommendation is made to perform tumor biopsy
for CCA sequencing in cases of LT for CCA.

LT for Mixed Hepatocholangiocellular Cancer

Hepatic progenitor cells can give rise to both hepatocytes
and cholangiocytes, so it is not surprising that biphenotypic
cancers may develop. Several types of mixed tumors have
been described, the most frequent being the mixed hepa-
tocellular cholangiocarcinoma (HCC-CC).*”*® Allen and
Lisa* identified in 1949 3 types of mixed tumors: sepa-
rate HCC and iCCA within the liver (type A); adjacent, but
intermingled, tumors (type B); and finally tumors harboring
both tumor types (type C). Goodman et al** later on simpli-
fied this classification in 1985 by grouping the 2 first types.
The “real” HCC-CC type represents about two-thirds of
all mixed tumors.**° The reported incidence (0.6%-14%
depending on the methodology used) is an underestimation
as correct tumor type identification can indeed only be made
on liver specimen.’! Better knowledge of hepatic oncogen-
esis, imaging pathology (including advanced immunohisto-
chemistry staining), and molecular and genetic screening all
led to a more frequent diagnosis of HCC-CC.*>*? These
tumors carry a poor prognosis, especially in the case of a
dominant CCA component.”** Because of their low preva-
lence, solid data about their natural evolution, diagnostic
and prognostic criteria, clinicopathologic presentation, and
imaging features and outcome are still lacking.

Diagnosis of HCC-CC tumors can be very difficult.
Imaging of HCC-CC is challenging as no pathognomonic
patterns have yet been described. The “typical” dynamic
contrast-enhanced CT imaging reveals an early peripheral
or diffuse progressive enhancement throughout the arterial
and portal venous phases, followed in the portal and venous
phases by a peripheral wash out and central enhancement.*”>*
Magnetic resonance imaging shows during the delayed phase
the absence of contrast wash out after a progressive arterial
uptake. In half of such patients, these findings are in agree-
ment with the pathologic diagnosis of HCC-CC.*¢% In
the case of atypical “HCC-imaging,” a biopsy is warranted
to refine the diagnosis. Unfortunately, biopsy not only lacks
sensitivity but can even be misleading because of the pres-
ence of the different cellular components. Moreover, in the
rare occasion of diagnostic confirmation, pathology does not
allow reliable grading.’”®® Recent molecular analysis dem-
onstrated that stem-cell type tumors within mixed HCC-CC
characterized by spalt-like transcription factor 4 positivity,
progenitor-like signatures, etc., were associated with poor
outcomes and the investigators proposed redefinition of the
current pathological classification.®

Tumor markers also lack specificity in HCC-CC.
Elevation of alpha fetoprotein and CA 19.9 may reflect
the proportion of the 2 components of the mixed tumor.*’
If the HCC component dominates, then the alpha fetopro-
tein level is higher; if the CCA component dominates, then
the CA 19.9 level is higher. CA19.9 is elevated in a fair
proportion of the mixed tumor patients,”® %%

The analysis of the recent literature does not allow to
make firm conclusions about the best therapeutic approach.
The reports, which contain small numbers of patients, are
heterogeneous and retrospective and frequently relate to
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different types of mixed tumors. Despite these shortcomings,
all series confirm that outcomes of LR and LT for mixed
tumors are worse than those obtained for HCC and CCA.>*
60.63-70 The survival benefit of LT for HCC-CC has yet to be
defined.’”*%¢° Grossly, 3-y OS after partial LR reaches 10%—
40% and DFS 10%-25%; OS and DFS rates after LT range
widely from 16% to 66% and 33% to 93%, respectively.

The reported HCC-CC LT experience concerns only
around 200 recipients: the largest series containing 25 and
the largest registry series 220 patients.®**® Based on these
limited experiences, some prognostic factors could be iden-
tified: tumor diameter >2cm, lymph node invasion (pre-
sent in 10%-20% of patients), Milan-Out criteria, poor
differentiation, multinodularity, presence of microvascular
invasion, Goodman II type, and high(er) level of CA19.9
(>37mg/mL). All reports confirm that mixed tumors have
a more aggressive behavior than HCC as reflected by a
less favorable outcome and a higher, and also more rapid,
recurrence rate.’ **® The clinical behavior seems to be
linked to the dominant CC component.” The reported
results clearly indicate that multimodal treatment combin-
ing radical surgery and neoadjuvant as well as adjuvant
therapies will be needed to further improve outcomes.”*”*

In conclusion, it can be said that there is still no consen-
sus about the actual role of LT in the therapeutic algorithm
of HCC-CC tumors. Improved selection criteria and multi-
modal treatment will be key factors to progress in this new
field of transplant oncology, the application of transplan-
tation medicine, and surgical oncology to the treatment of
cancer patients. Prognostic factors need to be identified to
allow a better patient selection and therefore a better out-
come after LT.

Recommendations

1. In the case of atypical “HCC-imaging,” a biopsy is war-
ranted to refine the diagnosis (and rule out pure HCC)
and discuss indication for LT (moderate evidence, strong
recommendation).

2. HCC-CC is currently not an established indication for
LT (low evidence, conditional recommendation).
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