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Abstract

Background: Liver transplantation for cancer indications has gained momentum in recent years. This review is intended to optimize 
the care setting of liver transplant candidates by highlighting current indications, technical aspects and barriers with available 
solutions to facilitate the guidance of available strategies for healthcare professionals in specialized centres.

Methods: A review of the most recent relevant literature was conducted for all the cancer indications of liver transplantation including 
colorectal cancer liver metastases, hilar cholangiocarcinoma, intrahepatic cholangiocarcinoma, neuroendocrine tumours, 
hepatocellular carcinoma and hepatic epitheloid haemangioendothelioma.

Results: Transplant benefit from the best available evidence, including SECA I, SECA II, TRANSMET studies for colorectal liver 
metastases, various preoperative protocols for cholangiocarcinoma patients, standard, extended selection criteria for 
hepatocellular carcinoma and neuroendocrine tumours, are discussed. Innovative approaches to deal with organ shortages, 
including machine-perfused deceased grafts, living donor liver transplantation and RAPID procedures, are also explored.

Conclusion: Cancer indications for liver transplantation are here to stay, and the selection criteria among all cancer groups are likely to 
evolve further with improved prognostication of tumour biology using adjuncts such as radiomics, cancer genomics, and circulating 
DNA and RNA status. International prospective registry-based studies could overcome the limitations of smaller patient cohorts and 
lack of level 1 evidence.
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Introduction
Transplant oncology is the treatment of cancer through 
transplant medicine and surgery1–5. It encompasses four pillars: 

• the evolution of multidisciplinary cancer care mainly 
utilizes transplantation to treat cancers;

• exploration of genomic mechanisms. Organ transplantation 
offers a unique opportunity for cancer material to be 
genomically analysed, which is not available in other 
disciplines of medicine;

• extension of the traditional margins of surgical oncology. In 
transplantation, we utilize surgical techniques unique to 
this field, which can be used to achieve R0 resection in 
patients with hepatobiliary malignancies; and

• elucidation of recognition of tumour and transplant 
immunology. With immunotherapy being the treatment of 

choice for certain liver cancers, it is essential to elucidate 
its use in the transplant setting and its balance with 
immunosuppression.

The principles of surgical oncology, resectability, operability, 
transplantability and curability are needed to perpetuate the 
conceptual evolution of transplant oncology. The definition of 
resectability is assigned to liver tumours that can be resected 
based on the assessment of tumour-related and surgery-related 
factors. Its definition remains ambiguous, not always objective 
and is confined to surgical expertise and judgement. For 
example, portal vein embolization, associating liver partition, 
portal vein embolization for staged hepatectomy and hepatic 
vein deprivation are all imperative strategies to induce future 
liver remnant hypertrophy; however, they are utilized under 
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centre-specific criteria. Likewise, extreme resections such as ex 
vivo liver resection and autotransplantation, ante-situm liver 
resection with hypothermic perfusion and meso-Rex shunt are 
performed only in specialized centres6–11. Operability refers to 
the relative risk of an intervention, as determined by the 
physiologic state and perioperative anaesthesiologic risk 
(patient-related factor). On an individual level, ‘cure’ means that 
the patient never experiences disease after treatment (for 
example recurrence-free survival at 5 years). However, on a 
population level, there are different definitions depending on 
the epidemiological models utilized (for example mortality rate 
returning to the general population mortality rate). The term 
transplantability refers to the national or institutional criteria 
for transplant listing, relying on risk parameters for waitlist 
dropout (including but not limited to death or disease 
progression), post-transplant mortality rate and donor organ 
availability. Overall, these aspects lead to ethical considerations 
regarding organ allocation to candidates who may benefit from 
prolonged survival yet have a risk of recurrence. In light of 
organ shortages and neoadjuvant treatment protocols 
potentially requiring time-sensitive planning, living donor liver 
transplantation (LDLT) has gained a pivotal role in transplant 
oncology. LDLT, in turn, is associated with considerations 
regarding donor safety and the recipient’s needs.

Transplant benefit is defined as the gain offered by liver 
transplantation (LT) compared with the best alternative therapy 
(survival after LT minus survival with the best alternative 
treatment). The International Liver Transplantation Society 
(ILTS) Consensus guidelines on Transplant Oncology 
emphasized that transplant benefit should be one of the key 
parameters to be considered when defining optimal selection 
criteria for LT.

All of these characteristics are to be driven by disease- and 
patient-related factors. This contemporary comprehensive 
review is intended to optimize the care setting of LT candidates 
by highlighting current indications, technical aspects and 
barriers with available solutions to facilitate the guidance of 
available strategies for healthcare professionals in specialized 
centres.

Tumour-specific sections
Colorectal cancer liver metastases
Almost 50% of patients with colorectal cancer will develop 
metastatic disease, and the liver is the most often involved 
organ. Liver resection remains the only potential curative 
treatment option for colorectal liver metastasis (CRLM). The 
rates of resectability have improved over time with the 
introduction of efficient chemotherapy for downstaging and 
techniques like two-stage hepatectomy (TSH)12, as well as liver 
augmentation techniques like portal vein embolization (PVE) 
or Associating Liver Partition and Portal vein Ligation for 
Staged hepatectomy (ALPPS)13,14. Nevertheless, for 75–80% of 
the patients with CRLM, the only treatment option remains 
palliative chemotherapy, with a 5-year overall survival rate of 
about 10%15.

The first controlled ‘proof of concept’ SEcondary CAncer 
(SECA-I) trial to explore LT in non-resectable CRLM was 
published in 2013 and found an estimated overall survival (OS) 
of 95%, 68% and 60% at 1, 3 and 5 years respectively16. However, 
disease-free survival (DFS) was only 35% at 1 year. Still, most 
recurrences were slow-growing lung metastases that could be 
offered curative intent resection, thereby yielding a favourable 

overall survival despite recurrence post-transplant. Risk factors 
for inferior survival were maximal tumour diameter >5.5 cm, 
time from primary cancer surgery <2 years, CEA levels >80 μg/l 
and disease progression after chemotherapy at the time of LT. 
The four factors constitute the ‘Oslo-Score’ by assigning 1 point 
to each for risk stratification. The 10-year outcome data of the 
SECA-I trial was published in 2022 and showed that a low Oslo 
score of 0–1 is associated with a 5-year and 10-year actual OS of 
75 and 50% respectively17.

In a follow-up study (SECA-II), the Oslo score factors were 
considered in the design of the inclusion criteria but were not 
applied directly. The study cohort, following more stringent 
inclusion criteria, resulted in Oslo scores of 02, and the 
estimated 1-, 3- and 5-year OS was 100%, 83% and 83% 
respectively18. Median DFS was 53%, 44% and 35% at 1, 2 and 3 
years respectively and about 70% of the recurrences observed 
were lung metastases where a majority could be offered 
resection. The OS after recurrence was 100%, 73% and 73% at 1, 
2 and 4 years respectively, indicating the DFS has limitations as 
a parameter of treatment efficacy in liver transplantation for 
CRLM.

As in all transplant oncology indications, patient selection 
remains critical to obtain acceptable outcomes and avoid futile 
use of grafts. The Oslo score alone is insufficient to suggest 
transplant candidacy; instead, a range of other negative 
predictive factors should be avoided19. CRLM in patients with 
right-sided primary tumours are associated with worse 
outcomes after chemotherapy, liver resection and liver 
transplantation20–22, and BRAF mutation and undifferentiated 
or signet ring cell differentiation are similarly associated 
with inferior prognosis23. Examination with fluorine-18- 
fluorodeoxyglucose (F-FDG) PET/CT is commonly used to rule 
out extrahepatic disease. A metabolic tumour volume (MTV) on 
pretransplant PET/CT <70 cm3 is highly predictive of good 
survival outcomes after liver transplantation for CRLM and 
should be a routine part of the selection strategy24–27.

A recent randomized clinical trial, TransMet, has compared 
liver transplantation + chemotherapy to chemotherapy alone in 
patients with unresectable CRLM28. The study population had a 
high tumour load with a median of 20 metastases in both 
groups, and the delay from diagnosis to randomization was 15.9 
months in the transplant arm. All transplanted patients but one 
had a low Oslo-score (<2). After a median follow-up of 59.3 
months, the 5-year intention-to-treat survival in the LT cohort 
was 56.6% in the transplant group compared with 12.6% in 
the chemotherapy group. In per-protocol analysis, the 
corresponding 5-year survival rates were 73.3% and 9.3%. The 
outcomes of the TRANSMET trial confirm the principal findings 
from all the previous clinical trials on LT for CRLM and have the 
potential to change clinical practice since CRLM is the only 
transplant oncology indication that is supported by level 1 
evidence.

An increasing number of centres worldwide have started 
adopting LT for unresectable CRLM. Due to the scarcity of donor 
grafts in most countries and regions, many programmes have 
applied LDLT to be able to provide transplants to patients with 
CRLM, and the outcomes have largely been in line with other 
published results29,30. Systematic implementation of LDLT has, 
however, mostly been done in Asia, whereas the number of 
Western centres performing LDLT  is limited. Split liver 
transplantation may offer a meaningful expansion of the donor 
pool, but the number of extra grafts obtained may be restricted 
by allocation policies in regions where MELD priority is used for 

2 | BJS Open, 2025, Vol. 9, No. 3



prioritization on the waiting list. In 2015, the RAPID concept 
(Resection And Partial Liver Segment 2/3 Transplantation With 
Delayed Total Hepatectomy) was introduced as a possible 
method to provide liver transplantation for more patients with 
CRLM31. The RAPID procedure entails an auxiliary segment 2 + 3 
transplantation after a left hepatectomy. After reperfusion, the 
portal flow is diverted to the graft under portal pressure 
guidance to induce fast liver generation. Graft size is monitored 
weekly, and the second-stage hepatectomy can usually be 
performed 2–3 weeks post-transplant. A multicentre study 
among seven European centres has demonstrated that the 
RAPID procedure may be applied with adequate safety, good 
functional liver regeneration and second-stage hepatectomy 
after a median of 2 weeks32. Moreover, RAPID can be applied 
both as a split liver technique in the deceased donor setting as 
well as with the use of living liver donors33,34. The latter is 
particularly attractive, since it possibly allows for a reduction in 
living donor risk whilst simultaneously offering a substantial 
treatment benefit for the CRLM recipient according to the 
double equipoise principle35. Since patients with CRLM usually 
do not have portal hypertension or liver failure, they generally 
may tolerate lower graft size than conventional liver transplant 
recipients with chronic liver disease. Thus, using smaller grafts, 
including living donor grafts, is a possible way to expand the 
donor pool and accommodate the increased need for liver grafts 
that liver transplantation for CRLM is likely to require in the 
future36.

Hilar cholangiocarcinoma
Liver transplantation for unresectable hilar cholangiocarcinoma 
(hCCA) is not a new concept. In fact, the first transplant for this 
disease was performed by Thomas Starzl in 196337. A total of 
eight patients with Klatskin tumours were transplanted by 
Starzl’s group up until the mid-1980s, five of whom survived 
more than 2 months. Of those, 4 of 5 (80%) recurred and 
succumbed to their tumours; the single patient who did not recur 
died at the 2-month mark38. Similar to other early experiences 
with the transplantation of patients with malignancies, the 
abysmal outcomes observed in these initial series and experiences 
with transplantation of hilar cholangiocarcinoma resulted in the 
near abandonment of the use of liver transplant as a potential 
cure for this disease38–41. These poor outcomes can be attributed 
to poor patient selection and a lack of availability or adherence to 
strict chemotherapeutic protocols before transplantation. The 
Mayo protocol came into existence in 200042, and presented a 
group of patients who underwent chemoradiation using a 
protocol that involved combined 5-Fluorouracil (5-FU) with 
radiation. The results showed a median survival of 44 months 
and a single recurrence among 11 patients transplanted42. In 
2004, Heimbach et al. published a follow-up on the original Mayo 
study that included 28 patients with hilar cholangiocarcinoma 
who underwent liver transplantation with an 82% 5-year OS and a 
14.2% recurrence rate43. These excellent results propelled liver 
transplantation for hCCA through the establishment of the Mayo 
protocol.

Patient selection
The Mayo protocol has formed the basis of patient selection for 
unresectable hCCA since their updated results were published in 
2006. Briefly, in order to qualify for a liver transplant, patients 
must have an unresectable tumour diagnosis which is 
established through brush cytology, the tumour must be under 

3 cm in size and/or the patient has a malignant appearing 
stricture with a CA19-9 > 100 U/ml, and they must not have had 
a previous surgical exploration or a direct percutaneous/ 
transperitoneal biopsy. The diagnosis in and of itself is often 
challenging to establish due to the unreliability or lack of 
sensitivity of brush cytology and biliary aspirates44. The 
diagnostic accuracy of cytologic brushings can be augmented 
with the addition of fluorescence in situ hybridization (FISH) to 
detect aneuploidy45. Often, however, multiple attempts at 
proving the diagnosis are made, causing delays in the 
commencement of therapies, and the presence of a mass in the 
hilum causing biliary obstruction with atypical cells on cytology 
can be sufficient (institutionally) to allow for inclusion into the 
protocol and commencement of neoadjuvant therapies. First, 
however, extrahepatic disease must be excluded—and hilar 
cholangiocarcinoma commonly metastasizes to regional lymph 
nodes, which should be sampled before inclusion. Routine 
endoscopic ultrasound (EUS)-guided biopsy of nodes should be 
performed before the commencement of chemoradiation to 
confirm the absence of metastases. Metastases to nodes and to 
any sites are an absolute contraindication to transplant. The 
United Network for Organ Sharing (UNOS) adopted the inclusion 
and exclusion criteria based on the Mayo protocol; these criteria 
are summarized in Table 1.

Neoadjuvant protocols
Neoadjuvant protocols have transformed the landscape of liver 
transplantation for hCCA, where complete surgical resection is 
often challenging. The rationale behind this regimen is to 
downstage tumours, enhance the probability of complete 
tumour eradication and limit recurrence post-transplantation46. 
Additionally, new agent therapy provides a biologic test, as more 
aggressive behaving tumours that progress despite treatment 
likely would not benefit from transplantation47. The original 
chemoradiation Mayo protocol involved the delivery of 
high-dose external beam radiation (EBRT) in combination with 
5-FU for radio-sensitization as daily boluses for 3 weeks, 
followed by transcatheter radiation into the bile duct, followed 
by maintenance capecitabine until transplantation43,48. 
Centre-level variation in the dosage of radiation and the 
modality (SBRT versus EBRT) in which it is applied exist, with 
many centres avoiding brachytherapy and few altogether 
omitting radiation49,50. Chemotherapeutic regimens also vary, 

Table 1 Inclusion and exclusion criteria for hilar 
cholangiocarcinoma

Inclusion criteria Exclusion criteria

Unresectable hilar tumour mass 
≤3 cm

Percutaneous or transperitoneal 
biopsy of tumour

Malignant stricture with one of: 

• CA19-9 > 100 U/ml without 
cholangitis

• Cytology/biopsy determining 
malignancy, or

• Aneuploidy/polyploidy by 
Fluorescence In Situ 
Hybridization (FISH) 

Previous attempt at resection of the 
tumour (open cholecystectomy 
alone excluded)

Negative nodes by EUS before 
chemoradiation

Intrahepatic or extrahepatic 
metastases or positive nodes on 
EUS

Negative nodes on laparotomy/ 
laparoscopy before transplant
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with some using gemcitabine instead of capecitabine, often 
in addition to cisplatin, based on the ABC-02 study50,51. 
Maintenance capecitabine is then usually given for maintenance 
chemotherapy during the transplant waiting interval, but some 
programmes report the use of gemcitabine with or without 
cisplatin47,52.

Contrary to hepatocellular carcinoma, immunotherapy in 
cholangiocarcinoma has been utilized only in unresectable 
diseases, although studies have shown promising results 
for its use in systemic therapy and chemotherapeutic agents. 
In 2022, Oh et al. noted that durvalumab (PDL-1 antibody) 
plus gemcitabine-cisplatin significantly improved survival 
compared with gemcitabine-cisplatin plus placebo in 
advanced biliary tract cancer53. An RCT in 2023 showed 
improved OS for patients receiving pembrolizumab in 
combination with gemcitabine-cisplatin compared with 
gemcitabine-cisplatin alone for patients with advanced biliary 
tract cancer54. While this has not become standard practice, 
since none of these patients will be able to get immunotherapy 
after transplant due to the risk of rejection and severe 
complications resulting from immunosuppression, it seems 
reasonable to include immunotherapy in the neoadjuvant 
protocols for hilar cholangiocarcinoma.

Surgical protocol
Before undergoing transplantation, patients must undergo a 
complete sampling of the lymph nodes in the hilum of the liver 
and around the porta hepatis, specifically the common hepatic 
artery lymph nodes along the bile duct, and the portal vein 
nodes must be sampled. This can be performed through 
laparoscopic or robotic techniques, which minimize the amount 
of adhesions during the liver transplant procedure itself. Any 
positive nodes would preclude the patient from transplantation. 
Approximately 28% of patients with non-primary sclerosing 
cholangitis (PSC)-related hilar cholangiocarcinoma are found to 
have positive nodes or metastatic disease at the time of the 
staging operation55. The timing of the staging laparoscopy varies 
from centre to centre, with some choosing to perform the 
surgery immediately after the completion of neoadjuvant 
therapy or closer to the time of transplantation, and the 
availability of a living donor often influences the choice. 
Performing the staging operation shortly after completing 
neoadjuvant radiation provides more comprehensive 
information that allows precise listing decisions and mitigates 
the effects of radiation for easier dissection of the porta hepatis 
when there are fewer effects of radiation and cleaner planes. 
Postponing the staging operation until closer to the transplant 
date accounts for additional waiting time and a further 
assessment of the ‘test of time’ as it allows for the detection of 
metastatic disease that may have developed while waiting and, 
as outlined by Sonnendy47, avoids the small risk of delays in 
listing due to complications from the staging procedure and reduces 
the chance of scar tissue and adhesions from the initial procedure 
complicating the portal dissection during transplantation47. There is 
no data to suggest, however, that the timing of the staging operation 
impacts the outcome.

The debate between LDLT and deceased donor liver transplant 
(DDLT) for hCCA revolves around access and surgical complexity. 
LDLT provides a guaranteed, quicker path to transplant. However, 
it comes with challenges, such as technical difficulties from 
shorter vessels requiring vascular anastomoses to previously 
radiated vessels for inflow. Avoidance of irradiated arteries in 
the DDLT setting is overcome by using vascular conduits from 

the deceased donor iliac artery to form an aortic conduit 
(supra-celiac or infrarenal)56. However, conduits are avoided 
during LDLT due to the risks of using third-party grafts. 
Although vascular complications are generally higher with 
LDLT, recent studies show acceptable risks postneoadjuvant 
radiation57. For DDLT, selecting a high-quality graft capable of 
tolerating longer cold ischaemia times is key, along with 
procuring suitable venous and arterial conduits for potential 
reconstruction. The recent rise in the use of machine perfusion, 
which mitigates cold ischaemic time issues, will likely allow the 
utilization of more marginal grafts in the DDLT setting for 
hCCA. Similarly, the radiation effect on the portal vein and the 
bile duct can cause significant scarring; however, the portal vein 
anastomosis is usually done in a standard fashion, with a 
Roux-en-Y performed for biliary reconstruction in all cases.

Post-transplant management
Post-transplant care for patients undergoing liver transplantation 
for hCCA follows standard protocols but requires heightened 
vigilance for technical complications, particularly due to the 
frequent need for vascular reconstructions. Vascular 
complications are a significant concern in hCCA transplant 
recipients. Early reports from the Mayo Clinic cited vascular 
complication rates as high as 40%, with some graft losses due to 
delayed hepatic artery thrombosis58. However, more recent 
studies indicate a lower rate of major vascular complications, 
closer to 20%, and fewer graft losses. A multicentre study from 
high-volume transplant centres reported a 90-day mortality rate 
of less than 5% in benchmark cases, comparable to or better than 
outcomes for other liver transplant indications59. Daily Doppler 
ultrasound surveillance is recommended for the first 3 to 7 days 
post-transplant47. Although therapeutic anticoagulation is not 
usually necessary, postoperative prophylactic anticoagulation 
and aspirin should be considered, especially in cases with arterial 
reconstructions. Drain placement should be monitored for biliary 
leaks and potential pancreatic injury from challenging portal 
dissections before removal47. Immunosuppression typically 
includes standard regimens (tacrolimus, mycophenolate mofetil 
and prednisone taper), as alternative mTOR inhibitor-based 
regimens (for example everolimus) have not shown definitive 
benefit in hCCA.

There is no clear evidence supporting the benefit of adjuvant 
chemotherapy post-transplantation, as studies, such as a European 
trial on adjuvant gemcitabine, have been inconclusive due to poor 
tolerance and lack of accrual60. Thus, chemotherapy is typically 
reserved for patients with recurrence or those with concerning 
explant pathology. Surveillance should follow protocols similar to 
those after hCCA resection, with contrast-enhanced cross-sectional 
imaging (magnetic resonance imaging (MRI) or computed 
tomography (CT)) of the abdomen and serum CA19-9 every 3 to 4 
months for the first 3 years, then every 6 months for a total of 
5 years. Annual chest CT is also recommended. While PET-CT is 
not routinely used, it may be added if there are suspicious findings 
or a rise in CA19-947.

Patient outcomes
It is difficult to assess the survival benefit of transplantation 
compared with alternative therapies, as the patients enrolled in 
these trials are a highly selected population. For example, the 
5-year overall survival rate in the Mayo Clinic cohort exceeded 
65%57, with some studies reporting 5-year survival rates as high 
as 76% in highly selected populations61. Intent-to-treat protocols 
have shown lower survival, around 40–45%, suggesting high 
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levels of dropout in these patients due to progression or occult 
metastatic disease47. In a meta-analysis of studies comparing 
survival in these patients, the dropout ranged from 25.9% to 
86.1%, with a 0% to 66.7% dropout of those who commenced 
chemoradiation therapy. In 41% of patients who discontinued 
therapy, dropout was related to disease progression—typically 
occurring at the time of the staging operation62.

For those who have undergone transplantation, the median 
time to recurrence is around 2 years, with some recurrences 
occurring as late as 4 to 5 years post-transplant63. Risk factors 
for recurrence include perineural or vascular invasion, high 
tumour grade and nodal disease on explant, with twice the risk 
of recurrence in those with positive distal biliary margins 
following hepatectomy45. Recipients with PSC who underwent 
transplantation had half the risk of recurrence compared with those 
with de novo hCCA64.

An initial comparison of resection to transplantation showed a 
significant survival advantage in those undergoing transplantation 
(5-year survival 82% versus 21%)48. Directly comparing the two 
groups is challenging for multiple reasons. In the aforementioned 
study, patients with PSC and inflammatory bowel disease were 
excluded from resection, and those undergoing transplantation 
were selected based on only those who had completed 
neoadjuvant chemoradiotherapy48. This comparison was 
reassessed in 2015, where a survival benefit was seen in 
patients with Bismuth–Corlette (B–C) IV but not B–C III disease 
in just those with de novo hCCA65. Importantly, cohorts 
including patients with PSC typically see a higher survival 
following transplantation, likely related to earlier diagnosis 
and more favourable tumour biology61. Highly selected 
patients with hCCA clearly have a benefit with liver 
transplantation, but determining the population that benefits 
is a complex problem.

Liver transplantation offers excellent outcomes in highly 
selected patients with unresectable hilar cholangiocarcinoma. 
The key to success is strict adherence to clinical protocols that 
include neoadjuvant chemoradiation. Patients with PSC have a 
more favourable outcome than those with de novo hCCA, and 
liver transplantation is the treatment of choice in such patients 
if they develop hCCA.

Intrahepatic cholangiocarcinoma
Intrahepatic cholangiocarcinoma (iCCA) accounts for less than 
10% of primary liver cancer66, with an incidence of 1.3 per 100  
000 per year in Western countries. In Europe, 56% of all 
cholangiocarcinomas are iCCA67. The 2019 World Health 
Organization (WHO) classified iCCA into small-duct type and 
large-duct type68. Intrahepatic CCA can arise in both cirrhotic 
and non-cirrhotic patients and can occur as single or multifocal 
lesions. The predominant pattern of growth is mass forming in 
93%, with positive regional lymph nodes in 50% and distant 
metastasis (predominantly lung, peritoneum or distant lymph 
nodes) in 24% of patients at the time of diagnosis67. The OS for 
all patients with iCCA is poor, with a 5-year OS of 14% and a 
median OS of 13 months respectively69.

For iCCA, LT may be an option when the tumour is confined to 
the liver70. The two main indications for LT are: very early (≤2 cm) 
iCCA71 in cirrhotic patients who are not resection candidates (that 
is end-stage liver disease, portal hypertension); and locally 
advanced (large or multiple with no macrovascular invasion, 
and no evidence of extrahepatic disease (cN0 cM0) iCCA that 
renders the disease not-resectable70,72.

In non-cirrhotic patients with advanced iCCA, disease stability 
with neoadjuvant treatment is considered a selection criterion for 
transplantability by some advocates70. Special considerations are 
given to patients with primary sclerosing cholangitis73. Guidelines 
such as the EASL-ILCA and AASLD guidelines for managing CCA 
include transplant as an option for treatment management 
within trials74,75.

A meta-analysis including studies up to May 2020 identified the 
pooled 5-year OS after LT as 42% (95% c.i. 29.0–55.0)76. Compared 
with non-transplant outcomes, good outcomes are reported in 
stage-stratified very early iCCA and advanced iCCA (5-year OS 
71% versus 48%)76. The combination of LT with neoadjuvant 
treatment protocols has resulted in excellent results (5-year OS 
ranging up to 83.3%)77,78. The cumulative incidence of waitlist 
dropout at 12 months for cholangiocarcinoma patients is 
reported as 23.9% (95% c.i. 20.0–29.0)79.

Whilst the gemcitabine-cisplatin-based neoadjuvant trial has 
proven effective77, neoadjuvant protocols assessing immune 
checkpoint inhibitors (the first-line treatment option for 
advanced iCCA) are yet to be established. Currently, there is no 
consensus regarding the definition of transplant criteria in the 
context of neoadjuvant treatment. The MD Anderson-Methodist 
Transplant Center group reported radiological disease stability 
for 6 months under the neoadjuvant systemic therapy as a 
selection criterion for transplantation based on tumour biology 
in this setting78.

Alternation from the standard of care for LT in the context of 
neoadjuvant treatment may vary on institutional and trial 
protocols. These may include a diagnostic laparoscopy to 
visually rule out peritoneal carcinomatosis and thorough portal 
lymph node dissection to rule out lymph node metastasis. As 
LDLT is a commonly employed transplantation of choice, the 
laparoscopy should be planned approximately 1 week before LT 
to allow for adequate histopathological examination (NCT 
04195503)80.

For post-transplant surveillance, the MD Anderson-Methodist 
Transplant Center proposed an imaging and biochemical 
follow-up every 3 months within the first 2 years, followed by 6 
monthly intervals up to 5 years and thereafter annual 
follow-ups78. More recently, tissue and liquid biopsy (blood or bile) 
assessments for phenotyping and potential follow-up protocols 
have emerged81–83. Current molecular alterations of interest are 
FGFR2, IDH 1/2, NRG1, BRAF and BRCA. Incorporating liquid 
biopsy in treatment protocols is pivotal in allowing personalized 
medicine approaches for patients with iCCA in transplant oncology.

Neuroendocrine tumours
Neuroendocrine tumours (NETs) are rare cancers with a low 
incidence of only 0.5% of all malignancies84,85. However, the 
majority of patients present with or develop liver metastases 
during their lifetime, and these are often bilobar in distribution. 
Treatment options for neuroendocrine liver metastases (NELM) 
are variable, with most patients needing multimodal options of 
medical management with somatostatin inhibitors, surgical 
resection, systemic treatments, loco-regional options such as 
ablation and targeted treatment with radionuclide therapy. 
Surgical clearance of NELMs, even if it were to be debulking 
surgery, is accepted to prolong the survival and resolution of 
hormonal symptoms, especially in patients with functional 
NETs. Despite this, there is a subgroup of patients where the 
diffuse nature of intrahepatic metastases does not allow 
adequate debulking of liver lesions, and LT has been proposed 
as a curative option in such a situation.
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Given the rare incidence and slow disease progression, 
high-quality data comparing the various treatment options is 
non-existent, and most of the evidence for surgical 
management of NELM is either from a retrospective registry or 
from single centres. Five-year survival rates from the European 
registry ranged from 47 to 70%, and cancer recurrence rates 
between 31.3 and 56.8%86. The European Liver Transplant 
Registry-based multicentre retrospective data showed a 
significantly better 5-year survival at 59% among patients 
transplanted after 2000 compared with 46% who underwent LT 
before 2000. Better results in the latter data are due to a 
improved patient selection with better understanding of poor 
prognostic factors that include presence of extrahepatic disease, 
resection of primary at the time of transplantation21,42,87,88, 
vascular or nodal involvement89.

The Milan Group in 2016 published outstanding 5-year and 
10-year OS of 97 and 89% respectively, with liver transplantation 
for NELM90,91. Milan NET-LT criteria are, therefore, generally 
accepted as a standard in most programmes. These include 
low-grade NET (Ki67 index of less than 10%) regardless of 
function, a primary tumour with venous drainage via the 
portal system, which has been completely resected before 
transplantation, no more than 50% involvement of 
hepatic parenchyma, a responsive or stable disease for at least 6 
months before transplantation and a recipient age of 55 years or 
younger (limit later increased to 60 years). The group 
has reported an adjusted transplant-related survival benefit of 
6.82 months (95% c.i. 1.10–12.54; P = 0.019) and 38.43 
months (95% c.i. 21.41–55.45; P < 0.001) at 5 and 10 years 
respectively.

Long-term outcomes were published in 202192, comparing the 
patients who underwent liver resection with curative intent and 
liver transplantation within the Milan criteria. Resection was 
offered to patients considered radically resectable and 
transplantation to unresectable. The 5-year and 10-year OS 
were 95 and 93% for transplant cohort, 90% and 75% for 
resection cohort (P = 0.007). The 5-year and 10-year DFS rates 
were 75 and 52% for LT and 33 and 18% for LR (P < 0.001). The 
median disease-free interval between liver surgery and 
recurrence was longer in the transplant cohort compared to 
resection cohort (78 versus 24 months, P < 0.001). Transplant 
patients showed a tendency for multisite recurrence, while 
resected patients for intrahepatic recurrence. This study might 
suggest that any patient with disease presentation meeting the 
Milan criteria may achieve a significant survival advantage with 
LT. A propensity score-matched study of resection versus 
transplantation for the patients within the Milan criteria 
demonstrated superior survival and disease control in the LT 
group with 88.8% 10-year OS and 13.1% disease progression 
compared with 22.4 and 89% respectively, in the resection group.

Challenges to transplantation for in NELMs include the 
continued debate about the selection of patients and the 
potential to expand the option to those patients with functional 
symptoms, higher tumour load and older patient cohorts. The 
most recent ENETS guidelines state that liver transplantation ‘is 
an option in highly selected, preferably young patients, with 
functional syndromes, demonstrating early resistance to 
medical therapy’93. The role of 177lutetium-labelled peptide 
receptor radiotherapy as a competitor to transplnatation option 
and also in neoadjuvant settings will be of particular interest. 
With the availability of new and effective therapies, a 
prospective trial would be ideal for defining the role of 
transplantation in NET patients.

Hepatocellular cancer
Despite notable advancements in the management of patients 
with hepatocellular carcinoma (HCC) with respect to diagnosis, 
prognostication, treatment modalities available and 
posttreatment surveillance, there are yet unmet needs as 
regards the best curative treatment options in these patients to 
achieve long-term, recurrence-free survival. This is, of course, in 
addition to the significant problem of late detection of HCC at an 
advanced stage in most patients despite having screening 
protocols. Thus, achieving optimal outcomes in patients with 
HCC is still challenging.

It is known that close to 90% of HCCs occur in a diseased or 
cirrhotic liver; the aetiology of the underlying liver disease could 
be hepatitis C virus (HCV) infection, hepatitis B virus (HBV) 
infection, ethanol, metabolic associated steatotic liver disease 
(MASLD) or others94. Unlike the other cancers managed in 
transplant oncology, the root cause of the development of HCC 
is the tumourigenic microenvironment provided by the cirrhotic 
liver. In addition, HCC by nature is a multicentric disease and 
pathology of explanted livers in patients with HCC reveals that 
50–60% have multicentric tumours, of which at least 30% are 
unrecognized by pretransplant imaging. Any curative cancer 
surgery aims to try and obtain an R0 resection. Liver 
transplantation in well selected patients with HCC has the 
potential to cure the patient, with the extirpation of not only the 
tumour but also the underlying cirrhotic liver, which is 
responsible for the HCC arising in the first place. Hence, LT has 
been the modality with the best long-term outcomes in patients 
with HCC limited to the liver, with no macrovascular invasion. 
The key questions to answer are: when should LT be considered 
(choosing a strategy of ablation versus resection versus LT), how 
LT should be contemplated (which selection criteria should be 
followed and how far we can go when expanding transplant 
criteria) and in whom LT is expected to yield the best results.

Choosing the right strategy in early HCC: ablation versus 
resection versus LT
The Barcelona Clinic Liver Cancer (BCLC)  staging and treatment 
criteria have been used in most parts of the world over the last 
three decades, with several modifications made to these criteria 
in the intervening interval95–99. For HCC in the very early stage 
(single ≤2 cm), ablation is the treatment of choice and 
radiofrequency or microwave ablation is known to achieve 
results similar to liver resection (LR) or LT. In tumours in the 
early stage according to the BCLC classification (single, or up to 
3 nodules ≤3 cm, in patients with preserved liver function), 
resection or ablation may be offered to those with no clinically 
significant portal hypertension (CSPH) or those in whom LT is 
contraindicated. LT offers the best curative option in this group 
of patients especially those within the conventional criteria for 
LT (Milan criteria)100 or the expanded and validated University 
of California San Francisco (UCSF) criteria101.

One of the key questions in this group of patients is the 
proposed role of initial resection followed by LT in case of 
recurrence, the so-called salvage LT strategy102. However, series 
have shown that salvage LT is not an ideal strategy in these 
patients, since only 33% of patients who recur can actually have 
a curative LT on an intention-to-treat basis103. Hence, upfront 
LT would be associated with best results in patients with early 
HCC104. The other question is whether one modality fits the 
entire spectrum of very early and early patients with HCC. In 
patients with a single tumour up to 3 cm in size, published 
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evidence shows that resection could offer results similar to LT, 
and superior to ablation. However, in multiple tumours and 
tumours between 3 and 5 cm in size, LT is probably the best 
curative option104. If contraindicated or not feasible, in tumours 
up to 3 cm, a single ablation with radiofrequency or microwave 
ablation or transarterial chemoembolization (TACE) may be 
indicated. However, in tumours 3–5 cm in size, results with a 
combination of TACE and microwave ablation (MWA) are better 
than using a single modality. This has been elaborated on in the 
Indian National Association for Study of Liver (INASL)-modified 
BCLC classification where the early BCLC stage (Stage A) has been 
divided into Stages A1 and A2 and the treatment modality 
proposed accordingly105. Having said this, by far, the best results in 
patients with early-stage HCC are obtained with liver 
transplantation, and if feasible, transplantation should be offered 
to these patients.

The true dilemma: intermediate stage HCC (BCLC B)
Before the 2022 update of the BCLC staging system, patients with 
intermediate-stage HCC were relegated to receive non-curative 
systemic therapy alone. It is indeed rare for a physician, 
hepatologist or transplant surgeon to see a cirrhotic patient 
presenting with early HCC where multiple treatment options are 
available and feasible. Most present as multifocal and/or large 
tumours. The MASLD epidemic has further added to the late 
presentation, with large and biologically aggressive tumours106. 
These large and multifocal tumours, without extrahepatic 
disease or macrovascular invasion, could be considered locally 
advanced HCC. The pertinent question is whether some form of 
curative treatment can be offered to these patients.

Over the years, significant progress has been made in the 
prognostication of patients with HCC. The conventional criteria 
for LT (Milan and UCSF) based on size and number alone were 
found to be very restrictive. Patients with tumours beyond 
these transplant criteria were found to have similar OS, 
recurrence-free survival (RFS) and DFS if they were well selected 
based on tumour biology, and underwent LT. Some of the 
proposed expanded criteria are detailed in Table 2 (DDLT)107–114

and Table 3 (LDLT)115–121. In the DDLT setting, large series (31 to 
1556 patients) with expanded selection criteria for LT have 
reported acceptable long-term OS and DFS in patients with 
tumours up to 7.5 cm maximum diameter and up to three in 
number. The greatest push for expanding criteria has indeed 
come from the Asian countries where timely DDLT is not as 
feasible as it is in the West. If patients were to keep waiting for an 
organ, there is a high possibility that the patients with HCC would 
lose the chance to be transplanted due to the long waiting times. 
The main impetus in the selection criteria has been the absence 
of extrahepatic disease and gross vascular invasion and not so 
much on tumour size and number as in the conventional criteria.

The key is the use of tumour biology in the prediction of 
outcomes and, hence, in the selection of patients for transplant. 
The biological selection criteria incorporate tumour markers like 
alpha-fetoprotein (AFP), protein induced by vitamin-K absence-II 
(PIVKA) II (both as absolute value and a delta change), response 
to downstaging with loco-regional therapies, FDG-18 and 
Fibroblast activation protein inhibitor (FAPI)-PET avidity, waiting 
interval (as a test of time), inflammatory markers (such as 
neutrophil-lymphocyte ratio, platelet lymphocyte ratio) and 
sometimes histology (tumour differentiation) as surrogate 
markers to test tumour biology122.

Successful downstaging (DS) can be an important tool for 
selecting patients beyond UCSF criteria for LT. Commonly used 

modalities for DS include TACE, TARE and focused radiotherapy. 
In fact, successful downstaging is a surrogate marker for 
favourable tumour biology as indicated by a decrease in tumour 
number and size as per RECIST criteria, serum AFP or PIVKA-II 
levels, loss of 18F-FDG PET CT avidity123.

Biological criteria have been adopted by several centres and 
societies worldwide to demonstrate survival outcomes 
comparable to Milan/UCSF criteria. One such criterion classifies 
patients into low-, moderate- and high-risk groups and decides 
on upfront LDLT versus DS and then LDLT versus avoiding 
transplant respectively, based on morphological and biological 
prognostic markers121. There is a need for a comprehensive 
HCC-LT score able to offer a fair chance of justified 
transplantation to more patients with cirrhosis and HCC122. It 
was this exemplary work worldwide, across centres, that 
brought about a major change in the BCLC Staging in its 2022 
update99. For the first time, LT found a place in the treatment of 
patients with intermediate-stage HCC. The guidelines now 
recommend LT in a select group of patients with HCC with BCLC 
Stage B tumours based on extended criteria which incorporate 
size and AFP levels. A novel concept called treatment stage 
migration (TSM) has been introduced in these guidelines, 
allowing for personalized treatment decisions based on clinical 
judgement when first-line treatment is not feasible due to 
patient characteristics. These updates emphasize the 
importance of individualized treatment approaches tailored to 
each patient’s specific needs. The INASL-BCLC staging algorithm 
similarly differentiates between diffuse infiltrative bilobar 
disease and well differentiated nodules with the preserved 
portal flow to decide on TARE versus TACE/TARE ± SBRT or 
systemic therapy in non-transplantable patients104.

Vitale et al. demonstrated that the highest survival benefit of LT 
is, in fact, in patients with HCC who have advanced liver cirrhosis 
and no extrahepatic disease (BCLC stage B, C) because there are 
no other effective alternative therapies for these patients124. 
Expanding criteria beyond Milan/UCSF (the conventional criteria) 
is indeed at the cost of 10–15% lower long-term survival, but the 
survival is significantly better in well selected cases compared 
with ablation or systemic therapy alone. In addition, several 
centres with extensive experience in LDLT have shown the 
benefit of a timely LDLT in well selected patients with HCC based 
on tumour biology and response to neoadjuvant or downstaging 
therapy. In our study, the transplant benefit at 5 years (as against 
local ablation with TACE or TARE) in patients who were classified 
as low risk for recurrence (based on a competing-risks regression 
model) was 42 months; it was 25 months even in those who were 
classified as high risk for recurrence121.

HCC in a cirrhotic liver with tumoural portal vein 
thrombosis
It is an unfortunate fact that despite the surveillance programmes 
in place for high-risk cirrhotic patients, a significant proportion 
(10–40%) present with advanced stage HCC (with portal vein 
tumour thrombosis; PVTT) at the time of diagnosis; 
non-resectable, and non-transplantable according to the 
conventional criteria99,125–127. According to the BCLC algorithm, 
systemic therapy is proposed in these patients. If untreated, or 
in the case of palliative treatment alone, the outcome of these 
patients is poor, as shown by their short median (between 2 and 
6 months) and 3-year survival (5%)128,129. The use of tyrosine 
kinase inhibitors (TKIs) in such patients yields poor median 
survival (OS of 5–19 months) according to most published series, 
and the time to tumour progression is short (4.1 months)130. One 
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of the fallacies is presenting pooled data of these patients together 
with those patients who have distant metastases and 
extrahepatic spread (EHD)131–133.

There have been published studies that have shown that 
upfront LDLT yields better survival compared with palliative or 
systemic therapy alone, especially in patients with segmental 

PVTT (first- and second-order portal venous branches), and 
those with low levels of AFP, low FDG-18 avidity on PET scan 
and small tumour sizes134,135. The results of LT have also been 
shown to be superior to resection in this context. Hence, PVTT 
in patients with HCC could be considered essentially a 
contiguous spread and thus a locally advanced tumour for an 

Table 2 Some expanded criteria for hepatocellular cancer in the deceased donor liver transplantation setting

Criteria name, year Criteria No. of patients OS/RFS using expanded 
criteria

Prognostic factors

Pamplona criteria, 
2001107

1 nodule ≤ 6 cm or 
2–3 nodules ≤5 cm

63, 12 beyond 
Milan

79% 5-year OS in entire 
group, 70% RFS

–

Mt. Sinai criteria, 
2002108

≥ 1 nodule 5–7 cm (with neoadjuvant 
chemo + TACE)

31 in expanded 
criteria

55% 5-year OS in patients 
beyond Milan and within 
Mt. Sinai

–

Edmonton criteria, 
2004109

1 nodule <7.5 cm, or any number 
<5 cm

40, 21 beyond 
Milan

83% 4-year OS and 77% RFS Sirolimus helps in the beyond 
criteria cohort

UCSF criteria, 
2001/2007101

Single tumour ≤ 6.5 or ≤3 nodules  
≤ 4.5 and TTD ≤ 8 cm

168, 38 beyond 
Milan

75.2% 5-year OS, RFS 93% –

UNOS Region 4, 
R4T3 criteria. 
2007110

1 lesion <6 cm; ≤ 3 lesions, none 
>5 cm and total diameter  ≤9 cm

445, 363 Milan and 
82 expanded

77.1% 3-year OS, RFS 86.9% –

Up to Seven, 
2009111

Seven as sum of largest tumour 
diameter (cm) and no. of tumours

1556, 1112 beyond 
Milan

71.2% 5-year OS MVI significantly affects survival

French AFP 
2012112

AFP ≤100, > 100–1000, > 1000; largest 
diameter ≤3 cm, > 3–6 cm, > 6 cm; 
no. of nodules 1–3, ≥4

537 in test cohort, 
435 for 
validation

OS / recurrence 
score ≤2: 67.8% ± 3.4% / 
8.8% ± 1.7% 
Score >2: 47.5% ± 8.1% / 
50.6% ± 10.2%

Incorporation of AFP in the model 
improves prediction of 
recurrence

Metro ticket 2.0 
2018113

AFP <200, 200–400, 400–1000; sum of 
tumour size and number ≤7

1018 in training 
cohort, 341 for 
validation

70% 5-year OS: 
AFP <200, sum ≤7 
AFP 200–400, sum ≤5 
AFP 400–1000, sum ≤4

Outperformed Milan; UCSF; 
Shanghai-Fudan; up to 7 
criteria and AFP French model 
to predict 5-year post-LT 
survival

NYCA 2018114 AFP response; tumour size 0–3, 3–6,  
> 6 cm; tumour number 1, 2–3, ≥4

1450, 235 outside 
Milan

OS: low risk: 75% 
acceptable risk: 62% high 
risk: 40% 
RFS: low risk: 90% 
acceptable risk: 70% high 
risk: 42%

AFP response consistently 
<200 ng/ml predicted the best 
outcome 
201/ 235 patients outside Milan 
critrial recategorized into 
NYCA low/acceptable-risk 
groups

OS, overall survival; RFS, recurrence-free survival; TACE, transarterial chemoembolization; UNOS, United Network for Organ Sharing; MVI, microvascular invasion; 
AFP, alpha-fetoprotein; UCSF, University of California San Francisco; NYCA, New York/California; LT, liver transplantation.

Table 3 Some expanded criteria for hepatocellular cancer in the living donor liver transplantation setting

Criteria name, year Criteria No. of 
patients

OS/RFS using 
expanded 

criteria

Prognostic factors/comment

Tokyo (5-5 rule), 
2007115

≤5 nodules and ≤5 cm 78 75% OS and 94% 
RFS at 5 years

–

Kyoto criteria, 
2007116

≤10 nodules, all ≤5 cm and DGCP 
(PIVKA II) ≤ 400 mAU/ml

Total 136, 62 
beyond 
Milan

87% OS and 5% 
RFS at 5 years

–

Asan criteria, 2008 
(on explant 
path)117

Tumour diameter ≤ 5 cm, ≤ 6 lesions, 
no gross vascular invasion

221 82% OS at 5 
years

Higher discriminatory power compared 
with Milan and UCSF

Kyushu criteria, 
Japan, 2009118

Any number of tumours, < 5 cm in 
size, PIVKA II <300

90, 54 beyond 
Milan

83% OS and 
87% RFS at 5 
years

Preop. DGCP ≥ 300 mAU/ml and tumour 
size ≥ 5 cm

Toronto criteria, 
2011119

No number-size criteria. Poor 
tumour differentiation as 
exclusion

294 70% OS and 70% 
DFS at 5 years

–

Japanese National 
Expanded criteria 
2019120

≤ 5 nodules and ≤5 cm, AFP <500 ng/ 
ml

965, 301 
beyond 
Milan

75.8% OS at 5 
years

19% increase in the number of eligible 
patients

Medanta criteria, 
2021121

No extrahepatic disease or major 
vascular invasion, irrespective of 
tumour size/number

405, 51% 
beyond 
Milan

64% OS and 70% 
RFS at 5 years

Prognostic model developed using a 
competing-risk RFS model to decide on 
upfront LDLT versus downstaging

OS, overall survival; RFS, recurrence-free survival; UCSF, University of California San Francisco; PIVKA, protein induced by vitamin-K absence-II; AFP, alpha- 
fetoprotein; DFS, disease-free survival; LDLT, living donor liver transplantation; DGCP, des-gamma carboxyprothrombin.
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interval of time before manifesting as a distant spread in a 
haematogenous fashion, and it may be pertinent to consider LT 
in a selected cohort of patients where the tumour biology is 
deemed favourable. It is, however, apt to note that the grade of 
PVTT is important, and the results of LT may not be similar in 
patients with segmental versus lobar or main PV tumour 
thrombosis136,137.

Five-year OS and RFS of up to 53% and 52% respectively, have 
been reported using downstaging the tumour (especially 
ensuring that the PVTT is treated) using local ablation like 
TARE, SBRT and TACE, in combination with systemic therapy, 
and then going ahead with transplant once within institutional 
criteria138.

It is true that the amount and quality of available evidence is 
limited, and it seems still too early to recommend LT in all 
patients with HCC with PVTT. One needs to be very wary when 
contemplating LT in patients with very high tumour marker 
levels or large infiltrative tumours and Vp4 tumour thrombus. It 
is also pertinent to note that the presence of concurrent hepatic 
vein tumour thrombosis (HVTT) heralds a very poor prognosis, 
and probably should be a relative contraindication for LT. In 
fact, HVTT can be considered more akin to a systemic disease.

Therefore, an individualized treatment plan within a 
multidisciplinary approach is important ideally in an 
intention-to-treat strategy. Surgery (resection and transplantation) 
still remains the only curative option in most patients, except 
those with very early HCC. As regards transplant for patients with 
cirrhosis with HCC, the ILTS transplant oncology guidelines 
consensus emphasized that selection criteria should consider 
tumour biology, size and number, probability of survival, 
transplant benefit, organ availability, waitlist composition and 
allocation priorities. Similarly, it was felt that composite criteria 
that consider surrogates of tumour biology and response to 
neoadjuvant treatments are likely to replace conventional 
morphological criteria for defining transplant feasibility.

Hepatic epithelioid haemangioendothelioma
Liver transplantation for unresectable hepatic epithelioid 
haemangioendothelioma (HEHE), is rarely performed. Five-year 
survival rates of 50–80% were reported from the USA and 
Europe, even in those patients with lymph node/extrahepatic 
metastases and macrovascular invasion139–141. Traditionally, 
HEHE diagnosis is difficult because of its disease rarity and 
similar microscopic appearance to other vascular malignancies; 
however, the diagnostic accuracy has greatly improved after the 
identification of two oncogenes, WW domain-containing 
transcription regulator 1 (WWTR1)–calmodulin binding 
transcription activator 1 (CAMTA1) or Yes-associated protein 1 
(YAP1)–transcription factor E3 (TFE3) gene fusions that are found 
only in patients with HEHE142,143.

In the USA, HEHE has become an indication for LT, with 
exception points from the National Liver Review Board in 
2017144. A biopsy is mandatory to establish the diagnosis of 
HEHE and exclude haemangiosarcoma. The presence of 
extrahepatic disease is not an absolute contraindication. A 
retrospective cohort study conducted using a registry database 
from the United Network for Organ Sharing revealed that most 
HEHE recipients received exception points in the USA between 
2002 and 2018, allowing prompt access to deceased donor LT. 
The unadjusted 5-year post-LT survival rate was 77.2% for 88 
patients with HEHE, which did not differ significantly from that 
of patients with HCC but was superior to that of patients with 
cholangiocarcinoma or neuroendocrine tumour liver 

metastases145. Another study from the USA looked at >300 
patients identified in the National Cancer Database who were 
treated for HEHE between 2004 and 2018 after the WWTR1– 
CAMTA1 or YAP1–TFE3 gene fusion was discovered146. The 
5-year post-LT overall survival rate (n = 35) was 62%, which was 
significantly better than the rates associated with any other 
modalities including non-surgical treatment, ablation or hepatic 
resection after adjusting for age, sex, race, type of health 
insurance, Deyo–Charlson Co-morbidity Index and tumour size 
(hazard ratio (HR) 0.61; 95% confidence interval (c.i.) 0.38–0.97). 
The authors proposed a treatment algorithm and recommended 
that LT is preferred for patients with multifocal and multilobar 
disease or patients at high risk of positive margins if treated 
with hepatic resections. Of note, living-donor LT for HEHE has 
also been reported147–149.

Meanwhile, Lai et al. established a prognostic scoring system by 
analysing the outcomes of 149 recipients undergoing LT for HEHE 
between 1984 and 2014 in the ELTR-ELITA registry150. The 5-year 
post-LT OS and DFS rates were 79.5% and 79.4% respectively. 
The disease recurred in 37 (24.8%) patients after a median time 
of 18 months. Macrovascular invasion detected at pathology (HR 
4.9; 95% c.i. 2.4–9.9), pre-LT waiting time ≤120 days (HR 2.5; 95% 
c.i. 1.2–5.3) and hilar lymph node invasion (HR 2.2; 95% c.i. 1.1– 
4.5) but not extrahepatic metastases, were found to be 
significant risk factors for post-LT recurrence. The HEHE-LT 
score was developed based on these three factors that 
successfully stratified the patients into three groups by their 
5-year DFS rates: low score (0–2), 93.9% (n = 58), intermediate 
score (3–5), 76.9% (n = 74) and high score (6–10), 38.5% (n = 17). In 
2020, the European Society for Medical Oncology (ESMO) held a 
virtual consensus meeting involving >80 experts to reach a 
global consensus on HEHE management151. This meeting 
concluded that LT for unresectable HEHE with no extrahepatic 
disease should be offered to patients ‘after full disclosure of the 
potential benefits and the risks’ associated with LT (level V 
evidence, Grade A recommendation).

History of tumour rupture was considered a major 
contraindication to LT. Several systemic treatments have been 
reported to be effective in further improving LT outcomes for 
HEHE. Early reports have shown promising results with 
neoadjuvant treatment with sirolimus (mammalian target of 
rapamycin) before LT and some reports confirmed the role of 
systemic therapy for recurrence following LT using tyrosine kinase 
inhibitors such as lenvatinib have also been described152. Further 
large-scale studies are essential to establish standardized LT 
criteria for unresectable HEHE and implement individualized 
multidisciplinary treatment to improve post-LT outcomes.

Effect of post-transplant immunosuppression on disease 
recurrence (lessons from HCC experience)
There has been significant interest in how immunosuppression 
required post-transplantation potentially has a role in cancer 
recurrence and whether specific protocols or regimens could 
prevent or delay recurrence, which has been better studied in 
patients who received LT for HCC.

Immunosuppression, required to limit graft failure through 
immune-mediated rejection, potentially provides an environment 
that facilitates tumour development and recurrence. It has been 
reported that there are cancers specifically associated with the 
immunosuppressed state including skin cancer, post-transplant 
lymphoproliferative disorder (PTLD), oesophageal carcinoma and 
genitourinary cancers. However, it is not clear cut as some forms 
of immunosuppression, including mTOR inhibitors (mTORi), have 
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been shown to disrupt the proliferation and support systems for 
cancer development and in clinical trials shown to have 
favourable results in several cancers, such as mantle cell 
lymphoma, endometrial carcinoma and renal cell carcinoma. 
This immunosuppression class-specific effect has been observed 
in HCC recurrence and will be described in the following section.

Calcineurin inhibitors (CNIs), such as cyclosporin and 
tacrolimus, have long been used in immunosuppressive regimens 
post-transplantation. CNIs have been shown to create an 
environment which enables tumour development and growth. For 
example, they increase the expression of transforming growth 
factor-β and vascular endothelial growth factor, both of which are 
known to promote HCC tumourigenesis153,154. Several studies have 
shown that high CNI exposure is an independent risk factor for HCC 
recurrence and reduced recurrence-free survival155–157. In these 
studies, high concentrations were defined as cyclosporin trough 
concentration of >300 ng/ml and tacrolimus trough concentration 
of >10 ng/ml. Further evidence of CNIs alone increasing HCC 
recurrence risk was shown in a large US retrospective cohort study 
with CNI monotherapy having a significantly increased risk 
compared with a combined CNI, antimetabolite and steroid 
immunosuppression regimen158. Furthermore, cumulative dose 
exposure to cyclosporin has been shown to increase HCC 
recurrence post-transplant and reduce 5-year recurrence-free 
survival, particularly when these higher doses are administered in 
the 4–12 month interval post-transplantation156. In contrast, these 
differences have only been observed in the first month with 
patients exposed to high-dose tacrolimus, with no significant 
difference noted after that155,159. The underlying reason for these 
differences between cyclosporin and tacrolimus is unclear and 
needs further assessment in larger prospective clinical trials.

In contrast to CNIs, mTORi, including sirolimus and everolimus, 
have antiangiogenic and antineoplastic effects by inhibiting 
the PI3K/Akt/mTOR pathway and reducing expression of vascular 
endothelial growth factor, resulting in reduced carcinogenesis160–162. 
Clinical studies comparing mTORi to tacrolimus-based 
immunosuppressive protocols showed statistically significant 
improved overall survival and reduced HCC recurrence in those 
receiving sirolimus163–165. This was also observed in studies in 
which cyclosporin or tacrolimus was used as the CNI agent, 
compared with sirolimus-only immunosuppression therapy109,166. 
It appears to be a potential class effect as similar significant 
differences in HCC recurrence and survival have been observed 
with everolimus compared with CNIs167. Furthermore, the 
combined sirolimus/CNI regimen had significantly improved 
recurrence-free survival up to 5 years compared with the CNI-only 
regimen, suggesting potential antagonism of the known 
procarcinogenic effects of CNI in HCC recurrence and antitumour 
advantage166. Interestingly, in a large retrospective registry-based 
cohort study, sirolimus survival benefit was greater in patients 
transplanted for HCC than patients without HCC, suggesting a 
specific benefit for the HCC cohort post-transplant162. In the only 
randomized clinical trial, recurrence-free survival and OS were 
noted up to 5 years post-transplantation, particularly in those 
with low risk of HCC recurrence, and the greatest recurrence-free 
survival and OS was noted in those patients on sirolimus 
monotherapy compared with combined immunosuppression 
regimens168.

Further agents used for immunosuppression in liver 
transplantation, both for induction, acute rejection and 
maintenance, including corticosteroids, antimetabolites (for 
example azathioprine), anti-interleukin-2 receptor antibodies 
(ILR2a) and anti-thymoglobulin (ATG), have not been associated 

with HCC recurrence155,156,158. This has been demonstrated by the 
short- and long-term use of these agents in retrospective cohort 
studies.

Overall, mTORis are shown to independently improve HCC 
recurrence outcomes and development compared with CNI, 
with the greatest effect in patients with low risk of HCC 
recurrence. However, most studies covering the impact of 
immunosuppression on HCC recurrence have been retrospective 
cohort studies, and a single randomized clinical trial had a 
relatively low number of patients on mTOR monotherapy, 
preventing firm recommendations. Further prospective trials are 
therefore required to clarify the impact of immunosuppression 
in both induction and maintenance phases and their cumulative 
effect on HCC recurrence and outcomes, which will help guide 
clinical practice to optimize immunosuppressive regimens for 
these at-risk postliver transplant patients.

Organ shortage and use of marginal grafts
Organ shortage remains a challenge in most liver transplantation 
programmes worldwide. Individual centres have reported waitlist 
mortality rates as high as 20%. While the organ donation rates 
remain variable, with an increasing ageing population and 
higher incidence of metabolic co-morbidities such as diabetes 
mellitus and obesity, reduced quality of the grafts is 
increasingly encountered. Expanding the indications for liver 
transplantation for oncology patients could add to the existing 
demand, and the transplant community will need to continue 
exploring the options of expanding the donor pool based on the 
waitlists in their respective programmes.

Several attempts have been made to deal with the shortage and 
match the demand for the grafts, including the usage of donor 
after cardiac death (DCD) grafts and marginal donor after brain 
death (DBD)  livers. The utilization of DCD grafts in Europe has 
increased significantly over the years169. Some countries, such 
as the UK, The Netherlands, Italy and Spain, were ahead of the 
rest, with well established frameworks and guidelines for DCD 
organ procurement and transplantation.

DCD grafts are at higher risk of ischmia reperfusion injury, 
primary non-function, delayed graft function, renal impairment, 
prolonged ICU stay and non-anastomotic biliary strictures 
than the DBD grafts170,171. The causation is multifactorial based on 
which the ILTS consensus outlined criteria for ‘ideal’ donors172, 
including donor age ≤60 years, donor BMI ≤30 kg/m2, 
macrovesicular steatosis <30% (in the absence of machine 
perfusion utilization) and cold ishemia time (CIT)  <8 h. None of 
these factors is exclusive, and careful donor-recipient matching is 
needed to identify the suitable or at-need recipients for the 
higher-risk grafts. One important factor that determines the graft 
function of DCD grafts is the warm ischemic time (WIT), but 
the definitions and threshold for safe fWIT are variable. ILTS 
consensus guidelines recommend the definitions of total 
donor WIT as the withdrawal of treatment to cold flush, and 
functional donor (fDWIT)  is the time point when either SpO2 is 
<80% or mean arterial pressure is <60 mmHg until cold 
flush172. A maximum allowable time of 30 min of fDWIT is 
recommended by both the ILTS Consensus Conference and the 
UK DCD Risk Assessment173. Acceptable variations to all these 
criteria have been published. There have been successful 
reports of using DCD grafts from donors over 70 years174,175. 
Similarly, all other factors were also ‘extended’, usually with a 
balance between the CIT (<6 h), donor warm ischaemia time 
(WIT), recipient MELD scores and steatosis of the allograft176.
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Marginal DBD grafts refer to liver grafts obtained from DBD that 
are considered higher risk or ‘marginal’ due to various factors that 
may impact their function post-transplantation. These factors 
might include donor characteristics such as macrosteatosis, 
prolonged CIT and warm ischaemic times, elevated liver 
enzymes at liver offer, donor co-morbidities, cardiovascular 
instability and prolonged ICU stay. Marginal DBD grafts are also 
at risk of IRI, DGF and postoperative renal impairment175. 
Together with such risks and also due to ethical concerns, 
decline rates of livers as high as 50% have been reported177.

However, advancements in organ preservation and assessment 
techniques have allowed to revisit these definitions. While no new 
standardized definitions of marginal grafts exist, the previously 
defined criteria are often overridden when the functional 
assessment criteria are supportive. Functional assessment of a liver 
on normothermic machine perfusion (NMP)  allows for evaluating 
the viability (Birmingham, Cambridge, Groningen criteria) and 
function before transplantation and will enable logistics178.

The VITTAL trial (Viability Testing in Transplants Aimed at 
Extended Life)179 was a clinical study focused on exploring the use 
of normothermic machine perfusion (NMP) to assess the viability 
of livers from DCD, which is typically considered higher risk for 
transplantation. In this prospective, non-randomized, phase 2 
trial, viability assessment with NMP allowed transplantation of 
71% of discarded livers that were perfused with the intent of 
transplantation, with 100% 90-day patient and graft survival180.

Hypothermic oxygenated perfusion (HOPE) in liver 
transplantation allows for improved outcomes in liver 
transplantation, particularly with marginal or donation after DCD 
grafts. During HOPE, the liver is perfused at a temperature of 4–10° 
C with an oxygenated solution. This process helps to recondition 
the liver, reduce cellular injury and enhance the removal of 
metabolic waste products that accumulate during warm 
ischaemia. The cooling slows down the metabolism, reducing the 
oxygen demand, while the oxygenated perfusion provides the 
necessary oxygen to maintain cellular integrity and repair 
mechanisms181,182. This reduces the oxidative stress associated 
with reperfusion once the liver is implanted. Studies demonstrated 
significantly lower rates of early allograft dysfunction and better 
overall graft function post-transplant, with a reduction in biliary 
complications183. Dual hypothermic oxygenated perfusion 
(D-HOPE) aims to optimize oxygen delivery to the liver cells 
(hepatocytes) and bile ducts (cholangiocytes), potentially reducing 
the risk of ischaemic injury more effectively than single vessel 
perfusion by perfusing the liver with oxygenated hypothermic 
saline both through the hepatic artery and portal vein. A European 
multicentre, randomized clinical trial on D-HOPE in regular DCD 
liver transplantation demonstrated a 64% reduction of non- 
anastomotic strictures (NAS), a 57% reduction in postreperfusion 
syndrome and a 39% reduction in early allograft dysfunction after 
transplantation184. This ultimately led to a Dutch prospective 
clinical trial by van Leeuwen et al. in which the authors evaluated 
sequential hypothermic and normothermic perfusion for declined 
livers to rewarm grafts in a controlled manner as their viability for 
transplantation was assessed185.

The use of abdominal normothermic regional perfusion (NRP) 
aims to restore blood flow before organ recovery in an attempt 
to reverse the effects of warm ischaemia and improve 
outcomes. Experience from retrospective studies has shown 
reduced early allograft dysfunction and the risk of primary 
non-function compared with marginal DCD grafts, fewer overall 
biliary complications, graft loss and death compared with 
marginal DCD livers. Other studies have compared transplanted 

NRP livers with standard DBD liver outcomes and found them to 
be comparable186.

All the perfusion modalities are the future (and present) of liver 
transplantation, allowing the use of marginal grafts and increasing 
donor graft utilization. Hence, machine perfusion programmes will 
undoubtedly facilitate the management of transplant oncology 
patients. The influence of machine perfusion modalities on cancer 
recurrence is not fully understood, although early data suggests 
reduced recurrence rates in the HCC cohort using HOPE187. Some 
centres have started moving to make transplant surgery a daytime 
procedure by utilizing the perfusion modalities188. Such flexibility 
in the logistics is beneficial in the field of transplant oncology, 
where frozen section evaluations are necessary.

Post-transplant follow-up
Post-transplant follow-up protocols should be aimed at detecting 
early recurrence, especially when they are oligometastases since 
they are amenable to directed therapy, which can significantly 
prolong survival189. Experienced units have shown that with the 
use of multimodality treatment, 1-year and 3-year OS of 57 and 
24% respectively, was achieved, with a maximum 
postrecurrence survival of 7.5 years among post-LDLT patients 
with HCC recurrence190. It is, therefore, essential to have 
stringent follow-up protocols. In resource-constrained health 
systems, local protocols can be titred to those at higher risk of 
recurrence and for those beyond conventional criteria. One such 
example of post-LT follow-up protocol for patients with HCC is a 
CT scan (PET-CT if the tumour was initially FDG-18 PET avid) 6 
monthly for 2 years and then yearly, ultrasound of the abdomen 
every 3 monthly for 2 years and then 6 monthly, and serum AFP 
and/or PIVKA-II levels 3 monthly for 2 years and then 6 
monthly. SIMAP500, RECIST scores risk stratify the need for 
follow-up among patients with HCC, and similar strategies can 
be applied in the wider transplant oncology programmes191.

In conclusion, cancer indications for liver transplantation are 
here to stay, while the selection criteria among all cancer groups 
are likely to evolve further with improved prognostication of 
tumour biology using adjuncts such as radionics, cancer 
genomics, and circulating DNA and RNA status. International 
prospective registry-based studies could overcome the 
limitations of small volumes and lack of level 1 evidence.
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