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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 potentially 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 implementation of a protocol combining neoadjuvant
chemoradiation and LT, excellent results have been achieved in the last decades,
resulting in its increasing acceptance 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
indication. 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.
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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.

INTRODUCTION

Cholangiocarcinoma (CCA) is a malignancy of the biliary epithelium. It is rare, affecting
less than 6 persons per 100,000 population. 12l CCA carries a poor prognosis with 5-
year overall survival rates for all stages and subtypes at less than 10%.13-51 CCA is
further subdivided depending on the site of origin of the tumour in the biliary tract,
with intra-, perihilar (further subdivided by the Bismuth-Corlette classification) and
distal variants recognised (Figure 1). These subtypes vary not only in their anatomical
ite, but also their biology with distinct phenotypes.[®l
mplete 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.l”l 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 radiologicall®! extent of invasion of the tumour. The risk
of postoperative liver failure is largely dictated by the quality and volume of the future
remnant liver 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.’l However, ALPPS is largely
considered contraindicated in perihilar cholangiocarcinoma (phCCA) owing to high
perioperative mortality (48% at 90 days).["] 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.[l Arterial reconstruction is associated with higher
perioperative morbidity and mortality and significantly lower long-term disease-free
and overall survival compared to standard resection, however, outcomes remain
significantly superior to palliative care.['213]

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.l”]

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. [141 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
cholangiocarcinoma (iCCA), by transplantation pioneer Thomas Starzl at the University
of Colorado in 1963.1'617] 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 complications were overcome with the
routine use of thromboelastography (TEG) 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 vena cava and does not necessitate complete clamping of this vessel and the
resultant haemodynamic instabilities.['8] 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, allowed greater cold ischaemic times with
consequent reductions in vascular and biliary complications.l?0l At present, liver

malignancies indicated for LT in well selected patients include hepatocellular carcinoma




(HCC), hepatic epitheloid hemangioendothelioma, hepatoblastoma and metastatic
neuroendocrine tumours, while an increasing interest is developing about its role in

CCA and metastatic colorectal cancer.[?!]

LT 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 overall survival with cancer specific
mortality. Of the 6 patients transplanted for unresectable CCA who survived more than
1 mo postoperatively, 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.I2! 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.[?3-2
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

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 Nebraskal2¢l 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.l?l A subsequent study with 28 patients showed a 5-year actuarial overall
survival (OS) rate of 82% with only 4 (14.2%) developing recurrence at 23 to 63 mo post-
LT.128




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 (<3cm
lesions, with no metastasisor lymph node involvement) who are technically
unresectable undergo endoscopic ultrasound (EUS) and fine needle 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.[283]

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.[”) Established indications for LT include
predominantly benign, chronic liver disease such as alcoholic and non-alcoholic fatty
liver disease; auto-immune and metabolic pathologies such as primary sclerosing
cholangitis 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.[??lContemporarily 1- and 5-year overall survival for these
indications following LT approach 95% and 85%, respectively.P?INew 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 (UNOS) 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).[3! This improved access to LT for patients
with phCCA and influenced the adoption of LT more widely, including recent approval
in the UK, with use of the MELD score and derivative scores internationally for LT
allocations.[?’l 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 overall
survival 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% wvs 17%,
p<0.001).B52 Extended criteria donors with advanced age, steatosis or donors after
circulatory death (DCD) 33l may increase the pool of organs but may be associated with
higher graft failure rates of 27.3% at 3-years 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) was 68% +/- 3% and at 10 years was 60% +/- 4%.[3¢] Other long-term
follow-up and larger series have validated the Mayo Clinic protocol for LT in phCCA. A
multi-centre US retrospective study of patients undergoing LT for phCCA, with any
neoadjuvant chemo- or radiotherapy reported on 287 patients. 214 (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. Kaplan-Meier (KM) 5-year DFS was 65% (95%CI 57-73)
with 5-year OS at 53% (95%CI 46-60).137] Multicentre series in the UKES8l, Spainl*! and
Germanyl#l showed poorer results, likely as neoadjuvant protocols were not adopted at
the time. Hidalgo et al in the UK 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 overall survival
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%). 3-year recurrence rates were
51.7% (95%CI 33.8-69.4%) without neoadjuvant therapy vs 24.1% (95%CI 17.9-30.9%),
highlighting the importance of neoadjuvant regimes.41l

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 performed a
registry-based study of patients with phCCA at 3 US centres, who underwent either
curative intent liver resection or LT. Patients undergoing LT had neoadjuvant regimens
similar to the Mayo protocol. 191 patients underwent curative intent resection (without
neoadjuvant therapies), whilst 46 underwent LT. 5-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. 29% 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. 5-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 R0 resection




in patients with LT, 92.2% vs 73.3% (RR 1.17, 95%CI 1.03-1.33, °’=46%). They also
reported a higher 3-year OS with a lower hazard ratio of death (HR 0.61, 95%CI 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%CI1 0.44-1.02, 12= 54%).142]

Primary Sclerosing Cholangitis

Primary sclerosing cholangitis (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. [% 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
protocoll] Current data are clearly in favour of a protocolised roach with
neoadjuvant chemoradiation followed by LT in PSC-associated phCCA, as the optimal
treatment strategy, with superior outcomes when compared with de novo phCCA .13~
41 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.P®I The meta-analysis by Cambridge et al 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.¥3l 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.[36.43.46]




INTRAHEPATIC CHOLANGIOCARCINOMA

While phCCA is now increasingly accepted as an indication for LT using the Mayo
Protocol, iCCA is still largely considered a contraindication.l!l Although early attempts
at LT for CCA did not distinguish between subtypes in many cases and consequently
iCCAs were transplanted,[2lthe 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 radiofrequency ablation. There remains a lack of evidence
to support such protocols for iCCA, partly because iCCA is the least common subtype
of CCA (10% wvs phCCA which represents 50%[7l) but also because of its distinct
biological characteristics compared to other forms of CCA, with some being defined as
mixed hepatocellular and intrahepatic cholangiocarcinoma.?!

Krasnodebski et al provided one of the oldest series of 6 patients undergoing LT for
iCCA without neoadjuvant therapies from 1994-2019. 5-year OS and DFS were 25% and
28.6% respectively.8l Lee et al 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. 17 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%.4° 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.[*]
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% wvs 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 <2cm 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.[51

A follow-up international multicentre retrospective series evaluating LT in early stage
iCCA with unresectable unifocal tumours <2cm in size was conducted. 5-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.[>2 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 <2cm 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.®®I Hue et al 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 US.P%

Studies which include neoadjuvant therapy prior to LT similar to the Mayo Protocol are
limited to small case series. Lunsford et al evaluated 12 patients with non-metastatic,
iCCA >2cm 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. 6 (50%) proceeded to LT and 5-year KM OS was
83.3% (95%CI 27-3-975). 3 patients developed recurrent disease at a median of 7.6
mo.5 Wong et al 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%).[%7]




A meta-analysis combining the above studies and others found a pooled 5-year OS of
42% (95%CI 29-55%) and 5-year DFS of 49% (95%CI 41-57%). However, the studies were
all clinically heterogeneous 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 significant statistically heterogeneity in all the meta-analyses with
I2 values being significant at the <0.01 Level. 58

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 <2cm 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 Cholangiocarcinoma
endorsed the value of this modality asa potentially curative option for iCCAin a
consensus statement, and recommended it should be considered especially in patients

with very early stage unresectable tumours ($2 cm) and concomitant cirrhosis.!?!

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.[ll Literature on LT in 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. 5-year OS has ranged
from 17.9-49.2%.1%1 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 ef al
report two patients at King’s College Hospital, UK 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 pancreatoduodenectomy due to recurrence. 60l

Patients with PSC may also develop dCCA and require resection for this and also LT for
their underlying liver disease. Stauffer et al reported on six 6 patients with dCCA and
PSC who underwent both LT and classical Whipple’s procedure. 1 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.[6!

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.l®?] Results are eagerly awaited from this trial as of writing, however, if the
positive results of Ethun et all'4l 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 SBRT have shown promise in preventing
disease progression with lower toxicity than traditional external beam radiotherapy and
may be beneficial prior to LT.[#3l Oncological therapy has advanced in the management
of CCA with improvement of survival with FOLFOX as a second line chemotherapy
agentl®l and with recent trial results showing a benefit for immunotherapies in
CCA.I®] 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
overall survival.l*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!®l and
use of mTOR inhibitors of suppression has a beneficial effect on overall survival after
recurrence.%] A recent series of patients undergoing LT for iCCA and phCCA showed
that a reduced immunosuppressive regimen after recurrence was significantly
associated with survival with an increased odds ratio of survival at 4.2 (95% CI: 1.3-13.6;
P =0.02).1¢°1

Further advances in LT and perioperative care along with novel chemotherapeutic and

biological agents may lead to further improved outcomes.[7




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 donationl”!l 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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