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Overview
Liver malignancies have emerged as major indications of liver transplantation 
(LT) over the last decade. Indication for hepatocellular cancer (HCC), which 
was originally based on static staging, has moved to a more dynamic process 
including response to treatment and tumor behavior allowing transplantation 
of patients beyond Milan criteria without hampering LT results. Transplantation 
of perihilar cholangiocarcinoma (CC), as a part of a comprehensive approach 
including neoadjuvant chemoradiotherapy, especially in primary sclerosing 
cholangitis patients, has been proved feasible and encouraging results have 
been recently obtained with highly selected very early intrahepatic CC. Large-
scale european liver transplant registry (ELTR)-based analysis of LT results in 
neuroendocrine metastases or rare tumors such as epitheloid haemangioendo-
thelioma (EHE) has allowed better characterization of best candidates and 
adequate management. In countries with no or limited organ shortage, stimu-
lating explorative approaches have revisited the concept of transplanting 
colorectal metastases. Paralleling those innovations, the dramatic reduction in 
LT indications for HCV liver diseases on the one hand and the hope for a 
sustainable expansion of the donor pool thanks to development of donor after 
cardiac death (DCD) transplantation combined with regional normothermic 
perfusion and different modalities of machine perfusion on the other hand 
have clearly opened the door to transplant oncology.
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5.1  Introduction

History of liver transplantation (LT) for liver malignancies started more than 50 years 
ago by transplanting for patients with large, unresectable tumors; however, it rapidly 
turned out that transplanting unselected patients resulted in rapid tumor recurrence and 
subsequent death, with no individual benefit and inappropriate use of liver grafts that 
might have been used more efficiently for another indication. In an era of organ short-
age, those futile LT were rapidly abandoned. Considerable efforts have been done to 
identify, according to the major transplantation principle of utility, factors associated 
with post-LT recurrence and death and to restrict LT to patients with expected 5-year 
survival rates at best >70%, and recurrence rates <10–15%. However, despite this dra-
matic restriction in LT indications for malignancies, overall burden of patients listed for 
liver cancers rose rapidly over the last decades paralleling the epidemiology of liver 
cancers worldwide. Liver tumors that accounted for 10% of LT indications beginning 
of the 20th century, nowadays account for 40–60%. This new epidemiological situation 
results in a fierce competition between patients listed for malignancies and those listed 
for benign liver diseases. Allocation rules and priorities as well as specific management 
strategies during the waiting time have, therefore, been set up to guarantee equity 
between patients listed for malignant and non-malignant diseases.

The following section will focus on basic principles of LT indications for malig-
nancies, allocation rules governing access to LT and principles of follow-up after LT.

5.2  Liver Transplantation for Hepatocellular Cancer (HCC)

Principle: Liver transplantation is accepted as a standard therapeutic option for 
nonresectable early HCCs. It is considered the best HCC treatment because of the 
removing both tumor and underlying pre-neoplastic liver disease.

5.2.1  Indications

For 25 years, Milan criteria [1] (1 nodule ≤ 5 cm or 3 nodules ≤ 3 cm with no mac-
rovascular invasion on pre-LT imaging) have been considered as the benchmark [2] 
for LT because associated with a risk of recurrence around 10% and 5-year survival 
rate > 70%. Milan criteria are considered nowadays as too restrictive because excel-
lent outcomes can be achieved when transplanting patients with expanded criteria. 
Several other criteria based on tumor staging have been proposed over the last 
decade, the most popular being the University of California in San Francisco 
(UCSF) [3], TTV [4], up-to-seven [5], or Toronto criteria [6]. However, none of 
those expanded criteria had prevailed against Milan criteria since most of them were 
derived from pathological analysis of the explant and based on suboptimal level of 
evidence (retrospective studies or lack of external validation). A significant improve-
ment in identifying patients amenable to LT with expanded criteria was recently 
achieved by combining morphological tulor features as assessed radiologically with 
features reflecting tumor behavior and aggressiveness.
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5.2.1.1  Expansion Based on Composite Models Combining Tumor 
Burden and Biomarkers

Simple biomarkers such alfa foetoprotein (AFP) and descarboxy-prothrombin (DCP) 
levels [7–13] and DCP [7] have been reported to be associated with the risk of recur-
rence at several cut-off values. In particular, pre-LT AFP abd DCP levels, which 
reflect tumor differentiation as well as macro- and microvascular invasion [14, 15], 
can be considered as a surrogate marker of tumor aggressiveness. The predictive 
value of AFP [12, 14, 16] and DCP [7] had been shown to be independent from tumor 
burden. Finally, several studies also show that an increase in AFP values during the 
waiting phase negatively impacted outcome [15, 17–19]. On this ground, a first com-
posite model called “French AFP model” or AFP score combining AFP values and 
tumor features at listing, followed by a quarterly reassessment during pre-LT follow-
up was designed and prospectively validated in France [14]. This model was proved 
more accurate than Milan criteria to predict recurrence in patients meeting or not 
Milan criteria. This score has been validated in Italy [20], Spain [21], and Latin 
America [22]. The model was adopted by the French Organization for Organ Sharing 
(Agence de la Biomédecine) in 2013 as the official tool to select HCC patients, intro-
ducing a major change in indications policy (Fig. 5.1). A second composite model 
following the same principle, named Metroticket 2.0 was recently designed to pre-
dict disease-free survival [23]. This model was validated in an external Asian retro-
spective cohort. According to 2018 HCC-EASL (European Association for the Study 
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of the Liver) guidelines, composite criteria that consider surrogates of tumor biol-
ogy—among which AFP is the most relevant—are, likely to replace conventional 
criteria for defining inclusion criteria  for LT [24].

Other approaches related to tumor behavior are:

Tumor histology: The groups of Padova [25] and Toronto [6, 26, 27] reported 
that when selecting T3 HCC presenting with no poorly differentiated tumor cells 
on pre-LT-guided tumor biopsy, 5-year DFS rates >70% could be obtained point-
ing out again the critical importance of tumor biology in assessing the risk of 
recurrence. Applicability may be yet limited by the risk of tumor seeding along 
the needle tract and by sample effect because the biopsy may not accurately 
reflect the precise pathology of the tumor [27].
18 FDG PET CT: Several retrospective studies from Germany [28] and Korea 
[29] have consistently reported that tumors with high FDG uptake have a signifi-
cantly higher risk of recurrence compared to HCC with no or lower uptake 
because high SUV is significantly associated with poor differentiation [30] and 
microvascular invasion [31, 32]. In one of those studies [33], transplantation of 
patients presenting both low SUV and low AFP pre-LT values was associated 
with 80% 5-year survival rates, irrespective of Milan criteria or tumor size and 
number. Such results point out again that the risk of recurrence might be better 
predicted by tumor biology than tumor staging.

So far no molecular tools have proved reproducible enough and applicable in 
routine practice to guide patients’ selection.

5.2.2 Contraindications

Contraindications to LT include contraindications not related to HCC and HCC-
related contraindications. Among the latter, evidence of extrahepatic metastases, 
and of intrahepatic macrovascular invasion on pre- LT imaging, including VP1 por-
tal invasion, and tumor progression beyond transplantability criteria. Thoracic and 
abdominal CT scan should, be performed at listing and then repeated on a quarterly 
basis during the waiting time to detect such contraindications. Interestingly, 18 
FDG PET CT during pre-LT workup has been shown to reveal undiagnosed extra-
hepatic metastases or additional intrahepatic tumors, allowing restaging of HCC in 
10% of candidates [34]. 18 FDG PET, and at best PET MRI, can be, therefore, 
proposed as a complementary tool in pre-LT workup for decision-making.

5.2.3 Management in the waitlist

Median waiting time of a patient with HCC varies from 3 to 15 months. To control 
tumor growth and prevent dropout because of tumor progression beyond LT criteria, it 
is recommended to consider bridging therapies when waiting time is expected to be 
>6  months [2]. Modalities of bridging therapies [35] should be defined by 
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multidisciplinary staff meetings. The most frequently used is transarterial chemoem-
bolisation (TACE). Around 25% of candidates are eligible to bridging (poetential cura-
tive) treatments such as thermoablation or surgical resection. Emerging modalities such 
as radioembolization (TARE), stereotactic external beam radiotherapy, and even 
tyrosinekinase inhibitors such as sorafenib and levantinib are more rarely proposed. 
Patients with compensated liver cirrhosis and small, central tumors are preferably treated 
with RFA, whereas patients with larger size but compensated liver function are treated 
with TACE/TARE. In patients with decompensated liver cirrhosis and larger tumor size, 
external radiotherapy may be proposed without increasing the risk of further deteriora-
tion of liver function [35]. Response to bridging therapy, based on tumor imaging and 
AFP serum levels, should be carefully regularly reassessed until LT. Tumor progression 
[36] and AFP increase [17, 37] while on bridging therapies are predictive of recurrence 
post-LT. Patients progressing beyond LT criteria should be dropped out from the waiting 
list. On the other hand, patients with criteria beyond transplantability at referral can be 
downstaged [38] and, thereafter, considered for LT. Downstaging within Milan (T2) 
criteria is achievable in 40% of those cases. The risk of HCC recurrence after a down-
staging procedure is around 15% but still consistent with acceptable 5-year survival 
rates close to 70% [39]. A minimal test of time of 3–6 months and cautious quarterly 
imaging follow-up after efficient downstaging are recommended before considering LT.

5.2.4 Allocation rules and priorities

Allocation rules are driven by the major principle of equity and utility. Accordingly, 
once listed, all patients must get an equal probability of transplantation or death/
dropout while waiting. The increasing prevalence of HCC patients has forced the 
organ allocation organisms to adjust allocation rules. Indeed, in the era of MELD-
based allocation policies, HCC patients are basically unfairly served by MELD, scor-
ing on average 12 points at listing. As a compensation, HCC patients usually receive 
extra MELD points [40] during the waiting period to allow access to transplantation. 
Yet, HCC patients compete not only with non-HCC patients but also with each other 
to get an allograft, resulting in an increased risk of death or dropout pre-LT. Given the 
burden of HCC and limited organ availability, additional rules and concepts had to be 
considered. According to the concept of transplant benefit, LT should be reserved to 
patients who may achieve significant benefit compared to nontransplant therapies 
[41]. On this ground, TNM1 patients eligible for other curative treatments than LT 
should not be listed for LT. An ablate-wiat strategy has been recently proposed for 
these patients [42] in TNM2 patients amenable to and benefitting from a (potentially) 
curative bridging therapy. LT can be postponed until recurrence, as a salvage LT. Such 
a strategy is currently under evaluation in several countries such as in France.

5.2.5  Reassessment of the Risk of Recurrence Based 
on Explant Pathology

Pre-LT imaging is considered to underestimate tumor burden in 20% of the cases 
compared to explant-based assessment. A critical step in the follow-up of HCC 
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patients after LT is, therefore, to refine the prediction of recurrence by carefully 
reviewing the explant pathology. For this purpose, predictive models taking into 
account pathological predictors of recurrence (tumor size and number, differentia-
tion, and vascular invasion) [43], some of them also taking into account pre-LT AFP 
[44], are available. Revisiting the risk of recurrence after LT will drive screening 
strategies and also type and intensity of immunosuppression.

5.2.6  Follow-Up and Outcome; Prevention and Treatment 
of Recurrence

The prognosis of HCC patients after LT is driven by recurrence which accounts for 
half of post-LT deaths. Specific follow-up in those patients should aim at limiting 
the risk of recurrence by adjusting immunosuppression or considering adjuvant 
therapies. Early detection and treatment of recurrence [45] facilitated by screening 
policies are also critical, keeping in mind that most recurrence occurs within the 
first 2 to 3 years post-LT.

Immunosuppressive strategies: calcineurin inhibitors (CNI) favor tumor growth in 
experimental models and high CNI trough levels have been reported to increase the risk 
of recurrence [46]. On the contrary, mTOR inhibitors have antitumor properties both in 
in vitro and in animal models, and some data suggest that they may reduce or delay the 
risk of recurrence [47–50]. Interestingly, the beneficial impact of mTOR inhibitors on 
recurrence may be more pronounced in low-risk patients [51], in whom recurrence 
rates as low as 3–5% [52] have been reported. Although based on limited evidence, the 
following principles can be proposed to guide immunosuppression after LT for HCC: 
rapid minimization of CNI in combination with MMF and secondary introduction of 
mTOR inhibitors targeting trough levels around 5–6 ng/mL. Next CNI can be further 
tapered till  withdrawal during a six month period of time until withdrawal, the patient 
going on with a combination of mTOR inhibitors and MMF, that has been proved fea-
sible with a limited risk of rejection [53].

Adjuvant therapies: Conventional chemotherapy post-LT does not significantly 
impact the risk of recurrence [54]; preliminary data suggest that adjuvant sorafenib 
[55] may reduce the risk but evidence is not high enough to recommend it on a rou-
tine basis. Other targeted therapies should also be tested in studies adjusted on the 
risk of recurrence as assessed on the explant.

Screening strategies: In patients confirmed with low risk of recurrence after LT, 
intervals between screening procedures could be extended to semiannual surveil-
lance during the first 2 years and then every 12 months for up to 5 years. Higher-risk 
patients should have a closer follow-up, using three-monthly chest CT and dynamic 
liver CT scan for 2 years and on a 6-month rythm thereafter.

Treatment of recurrence: HCC recurrence after LT mainly involves the liver graft 
itself and extrahepatic sites, usually lungs, bone, and lymph nodes. In historical 
cohorts, recurrence happened within the first year post-LT and was rapidly followed 
by death within 6 months. Recent data indicate that prognosis of HCC recurrence may 
have changed over the last decade, with time from LT to recurrence tending to increase, 
and with an increase in time from recurrence to death [47, 49, 51]. This phenomenon 
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may be related to better screening strategies, earlier diagnosis, and changes in the 
management of recurrence. Aggressive management, including surgical resection of 
solitary intra- or extrahepatic metastasis, has been associated with prolonged survival 
and should be proposed [45]. CNI withdrawal after recurrence and a shift to mTOR 
inhibitors may slowdown tumor progression. Although tolerability is questionable, 
sorafenib in combination with mTOR inhibitors having a strong antitumor effect in 
animal models, may be tested. Second-line chemotherapy, and immunotherapy, may 
be proposed afterwards. Because of associated risk of rejection, recently available 
immunotherapies should be tested only in the setting of clinical trials.

5.2.7  Liver Transplantation for Other Malignancies

The globally rising incidence of cholangiocellular carcinoma (CCC) triggered dur-
ing the recent years the interest of the transplantation community for this disease. 
Cholangiocellular carcinoma covers three cancer types: the intrahepatic mass- 
forming CC (ICC) (10%), the perihilar (PCC) or Klatskin tumor (60–70%), and the 
distal bile duct (DCC) (20–30%) [56], with distinct etiologies, genetic profiles, 
pathogenesis, and clinical presentations. Advanced immunohistochemical (IH)  
staining techniques allow to identify more frequently mixed HCC-CCC [57]. Liver 
resection, whenever possible, is the cornerstone of the therapeutic CCC algorithm 
[58, 59]. If not possible, LT can be considered in highly selected patients. Yet, due 
to prohibitive high recurrence, morbidity (30–40%), and mortality (10–20%) rates, 
CCC had been until recently considered as a contraindication to LT accounting for 
only 0.4% (249 patients) of recipients in the european liver transplant registry 
(ELTR) database. Encouraging results, based on a combination of neoadjuvant 
radiochemotherapy and total hepatectomy, with 5-year overall survival (OS) and 
disease free recurrence (DFS) survival rates reaching 50% to 60% [60], incited LT 
centers to revisit CCC, notably PCC, as an indication for LT [61, 62].

5.2.8  Perihilar Cholangiocellular Carcinoma (PCC)

PCC can develop “de novo” or in the context of primary sclerosing cholangitis (PSC). 
PSC patients have a 7–14% cancer risk during their lifetime. Long-term DFS can be 
obtained after R0 partial liver resection but this needs careful planning and advanced 
liver surgery [58]. “En bloc resection” allows nowadays to obtain 40–58% 5-year OS 
and DFS rates in patients with advanced (T3–T4) disease [63]. Lymph node status 
remains the most important prognostic factor. If unresectable, LT can be considered.

Based on the pathophysiology of PCC, the Mayo Clinic team [64] developed very 
strict LT selection criteria. In case of PSC, LT has the advantage to treat radically both 
cancer (R0 resection) and underlying disease. Inclusion criteria for LT are an unresect-
able tumor above the cystic duct with a radial diameter < 3 cm. Exclusion criteria are 
prior biliary resection or attempt to do, prior to radio- or chemotherapy, direct trans-
peritoneal (including endoscopic) biopsy or fine-needle aspiration, other malignancy 
within the last 5  years, intrahepatic metastases, and uncontrolled infection (after 
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radiochemotherapy). The LT protocol combines external (4500 cGy; 150 cGy twice 
daily) and internal (brachy-) radiotherapy (2–3000 cGy at 1 cm radius), capecitabine-
based neoadjuvant chemotherapy, and, finally, staging laparoscopy. In the absence of 
metastases (nodes, peritoneal, or organ involvement), the patient is listed. Twenty per-
cent of patients dropout from the LT project following this strict process. This Mayo 
protocol generated 5 and 10 years post-LT OS rates of 70 and 65%. Five-year DFS was 
better in 162 PSC patients compared to 107 “de novo” recipients (61% vs. 37%) [61]. 
The Mayo results were corroborated by 12 US centers (65% and 59% for 5 and 10-year 
OS rates) [61]. Recurrence rate was 24%, with a median time from LT of 18 months 
(ranging from 3 to 120 (!) months). Prognostic factors were CA19.9 > 100 mg/ml, 
perineural invasion, residual cancer (distal bile duct), attempt at previous resection, and 
“de novo” PCC. Five-year OS and DFS rates reported in recent series applying the 
neoadjuvant LT approach are 55% and 65%, respectively [62].

This Mayo protocol needs some adaptations in view of the encountered problems 
and morbidity (20–40%). Combined radio- and chemotherapy can cause liver toxicity 
and lead to liver failure and refractory infection contraindicating LT. The transplant 
procedure is difficult and often complicated with portal vein and hepatic artery steno-
sis and thrombosis [65]. The use of free vascular grafts allowing to do anastomoses 
outside the irradiated area and the use of living donor LT (LDLT) overcome these 
problems [66]. LDLT has the advantage to time optimally transplant procedure and 
neo-adjuvant therapy. In case of invasion of the distal bile duct, a pancreatoduodenal 
resection, needs to be done. This procedure has however a high  morbidity and mortal-
ity and less favorable results.

5.2.9  Intrahepatic Cholangiocellular Carcinoma (ICC)

At MRI, ICC typically presents as a mass lesion with hyperintense T2 central fill-
ing, venous phase enhancement, followed by peripheral late enhancement, capsular 
retraction (due to fibrosis) and distal bile duct dilatation. ICC is the second-most 
common liver malignancy and must, therefore, be taken into consideration when 
confronted with a lesion in a liver disease patient. The clinical presentation is aspe-
cific and tumor markers such as CA19.9 are not very sensitive. Most patients are 
unfortunately diagnosed with large and multifocal tumors and frequently have 
lymph node (30%) and microvascular invasion (40%) [59].

Partial hepatectomy allows to obtain 30% 5-year DFS [59]. In case of small 
(≤2 cm) ICC without vascular invasion, this number even raises to 80%. If ICC is 
unresectable, LT may be considered in well-selected patients; the reported 5-year 
OS and DFS rates of 24–65% and 36–82% [62]. Similar to partial resection, out-
come is dominated by tumor size (cut-off 2–3 cm), number (solitary lesion), lymph 
node and microvascular invasion [59, 62]. No recurrence was reported in the Spanish 
multicenter experience of LT for solitary ≤2 cm ICC [67]; in larger or multifocal 
tumors, 5-year recurrence rate was 42% [68].The Mayo team limits the indication 
for LT to solitary ICC with a radial (not a longitudinal) diameter of up to 3 cm [64].

Results of small series of LT for mixed HCC-ICC-HCC are contradictory; in 
some series, they are in line with those obtained for HCC with 5-year OS between 
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50 and 60%. Larger tumors have worse outcome [69, 70]. In the larger UNOS expe-
rience, the results were significantly worse (40% 5-year OS) [71]).

To improve results, a protocol similar to the one used in PCC has been proposed, 
integrating biopsy, neoadjuvant therapy, staging, and, finally, adjuvant chemother-
apy adapted to definitive pathology of the hepatectomy specimen [72].

On the abovementioned background, CCC can be considered as an indication for 
LT: (a) when PCC meets the Mayo Clinic criteria and (b) on a case-by-case basis in 
early ICC made of a single nodule not exceeding 3 cm diameter. Yet, further studies 
comparing LT  and  neoadjuvant radiochemotherapy to standard-of-care liver and 
bile duct resections are mandatory to confirm applicability of LT in CCC.

5.3  Liver Transplantation for Vascular Tumors

Hepatic epithelioid hemangioendothelioma (HEHE) is a rare (<1/pmp) vascular 
tumor with an epithelioid and histiocytoid appearance, originating from vascular 
endothelial or pre-endothelial cells. HEHE represents <1% of all vascular tumors of 
EHE are as a “low-malignancy” tumor [73]. The most common presentations are in 
liver alone (21%), liver and lung (18%), lung alone (12%), and bone alone (14%) 
[74]. The treatment algorithm of hepatic (and pulmonary) EHE is difficult because 
of the lack of predictive clinical or histological criteria and the well-documented 
spontaneous, long-term survivals (up to 28 years), the high incidence of asymptom-
atic patients (up to 25%), the frequent extrahepatic disease localization seen at the 
moment of diagnosis (up to 45%), and the high incidence (up to 33%) of (even very 
late) recurrence in the liver allograft [75, 76]. Partial resection is unfortunately only 
possible in about 10% of HEHE patients, those presenting with the favorable condi-
tion of single or faw (up to ten) lesions. In multifocal disease, long- term DFS can be 
obtained by LT including eventual en bloc resection of involved and/or adhering 
organs and/or structures and lymphadenectomy. When LT is planned, complete 
assessment, including thoracic CT scan, and FDG-PET scanning is mandatory in 
order to evaluate extrahepatic localizations [77].

The 2007 and 2017 “HEHE-European Liver Intestine Transplantation Association 
(ELITA)-ELTR” studies with long-term (7.6 years) follow-up of 147 liver recipients 
[78, 79] and the MEHRABI review (including 286 patients) [80] underlined the role 
of surgery as the therapeutic mainstay, even in the presence of extrahepatic localiza-
tion at moment of transplantation [76, 80]. In the HEHE-ELITA-ELTR study [78], 
5- and 10-year post-LT OS rates reached 81 and 77%; and DFS rates were 79% and 
73%. Invasion of lymph node and (limited) extrahepatic disease (present in 25% of 
patients) did not influence outcome after LT, but micro- and macrovascular invasion 
(present in 13 and 48% of patients) did. Lau et al. identified presence of pulmonary 
lesions, multiorgan involvement, disease progression, ascites, age ≥ 55 years, and 
male gender as poor prognostic factors [74]. In the case of associated multifocal 
thoracic disease, the Leuven group has even proposed sequential transplantation 
(liver followed by lung) or simultaneous liver-lung transplantation; a prolonged sur-
vival was reported prolonged survival despite the presence of pleural and diaphrag-
matic metastases [81].
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Prediction of outcome after LT is critical before considering transplantation in 
HEHE patients. For that purpose, a prognostic HEHE-LT score [78], based on mac-
rovascular and lymph node involvement and waiting time, was recently designed. A 
low score correlated with a 94% 5-year DFS. According to these results, a therapeu-
tic algorithm for the treatment of HEHE has been proposed including neo- and 
adjuvant medical therapy (Fig. 5.2).

Recurrent disease in and outside the graft was recorded in 25% of patients. This 
high number still remains of concern and makes periodical reassessment for recur-
rence mandatory post-LT. When recurrence is detected, it should be treated aggres-
sively as prolonged survival can be obtained. The role of re-LT, considered in case 
of isolated intrahepatic recurrence, remains till now unclear.

Hepatic hemangiosarcoma is the most common primary sarcoma in the liver and 
accounts for up to 2% of all primary liver tumors. HAS is seen most in the sixth and 
seventh decades of life and more frequently in males (M/F ratio: 3/1). Most cases 
are sporadic and often associated with many environmental carcinogens (thorotrast, 
vinyl-chloride monomer, radium, pesticides, external radiation, cyclophosphamide, 
arsenical compounds, use of androgenic/anabolic steroids, and iron). The “ELITA- 
ELTR HAS study” [82], based on detailed analysis of 20 liver recipients, allowed to 
get a better insight into the disease, the differential diagnosis with HEHE and the 
place if LT in its’ treatment. Results of surgery, partial or total hepatectomy (LT), 
are extremely disappointing as all patients die after a median of 6 months due to 
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Fig. 5.2 Liver transplantation for hepatic epithelioid hemangioendothelioma (HEHE): A decision- 
making algorithm
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tumor recurrence [83, 84]. European and American experiences confirmed that 
HAS is an absolute contraindication for LT due to the universal rapid recurrence (at 
6 months) and short-term survival (less than 24 months) [83].

5.4  Liver Transplantation for Hepatic Metastases

The success of LT in the treatment of primary liver tumors has led to renewed interest 
in its’ role as a treatment for secondary liver tumors (SLTs) [85–87]. Standard treat-
ment for SLTs includes a combination of chemotherapy and liver resection. However, 
despite recent advances, curative liver resection remains applicable in only 20% of 
patients mainly owing to multifocality and the bilobar extent of the disease. Total 
hepatectomy followed by transplantation for liver-only secondaries is by definition a 
R0 procedure and is, therefore, a potential curative therapy. In preliminary experi-
ences, 5-year OS and DFS, comparabl to state-of-the- art oncological treatments, 
have been reported after LT for neuroendocrine tumors (NET) as well as colorectal 
metastases (CRLM) and, therefore, merited further investigation.

5.5  LT for Neuroendocrine Tumors (NET) Metastases

Gastroenteropancreatic NETs are merely diagnosed at an advanced stage. Fortunately, 
the metastatic disease often remains confined to the liver so R0 primary tumor resec-
tion may represent a curative option. Liver resection is rarely appropriate as detailed 
intraoperative imaging and thin-slice examination of the resected parenchyma often 
reveal many more lesions than those identified by routine imaging and pathology [88]. 
In unresectable NET, LT may be considered. Pre-LT workup should include sensitive 
scintigraphy with octreotide derivatives to reliably exclude extrahepatic disease.

5.6  Indications and Outcome

Until recently, LT experience for NET was based on small, single-center, and hetero-
geneous multicenter experiences. Recent reports, however, have shed new light on 
the value of LT [85, 89]. The ELTR [85] and Milan [89] series, including 213 and 24 
recipients, respectively, identified a number of factors as a prerequisite for success: 
presence of a well-differentiated, low-grade tumor with Ki-67 less than 5–10%; pri-
mary tumor localization within the portal venous drainage area; tumor burden less 
than 50% of liver volume; age below 55 years; response to pre-LT treatment with 
somatostatin analogues and mTOR inhibitors and stable or controlled disease for at 
least 6 months. By adhering to these criteria, 5-year OS rates of were 92 and 79%, 
and DFS rates of 75% and 57% were obtained. Careful post-transplant follow-up, 
including PET-CT and monitoring of tumor markers, (eg. chromogranin) is consid-
ered mandatory to enable reintervention for recurrence. As no other treatment has 
produced similar results for advanced stages of the disease [90], it is time for the 
oncological community to integrate LT into the therapeutic NET algorithm [87].
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5.7  LT for Colorectal Metastases

Colorectal cancer is diagnosed in more than 700 people per million each year world-
wide. Only 15–20% of them with apparent metastatic disease are candidates for 
curative surgery following state-of-the-art chemotherapy alone or in conjunction 
with surgical procedures. Successful hepatic resection may result in 5-year overall 
survival rates of 30–40% [91]. In a pilot study [86] of LT, including patients with 
CRLM, 1-, 3-, and 5-year OS rates of 96%, 70%, and 60% were obtained. Predictors 
for survival were: diameter of the largest metastasis less than 55 mm; time interval 
more than 2  years between colorectal and transplant surgeries pre-LT CEA 
level < 80 ng/ml and responsive or stable disease under chemotherapy. With aggres-
sive surgical treatment of recurrences, 8 of 21 (38%) patients in the Oslo SECA-
study were alive 4–8 years after LT and all 4 with metachronous CRLM were alive 
5–8  years after transplantation. These results are markedly superior than those 
obtained with conventional treatment in similar patients [87]. Of note, micropulmo-
nary metastases at the time of LT did not negatively impact overall survival. The 
results of this pilot LT study should be interpreted with caution owing to the small 
number of patients, the absence of a control group, and a high rate of relapse with 
pulmonary metastases. In addition, the burden of potential indications balanced 
with limited organ availability may limit large-scale applicability of LT in this 
indication.

Important
LT for liver malignancies accounts for 40–60% of LT indications nowadays. 
Indications are restricted to patients with expected disease-free survival 
>70%, depending on frequency and type of liver tumors.

HCC accounts for >97% of oncologic LT indications. LT is considered in 
patients not amenable to other curative treatments, when the estimate risk of 
recurrence is <10–15%, based on composite predictive models.

Bridging therapies and specific allocation policies are part of pre-LT man-
agement. Dropout should be considered in case of uncontrolled tumor/AFP 
progression in the waitlist.

Patients experiencing a successful downstaging procedure are eligible for 
LT after a 3- to 6-month test of time.

After LT, surveillance protocols and immunosuppressive regimen adjusted 
to the risk of recurrence, and aggressive treatment in case of recurrence may 
improve long-term outcome.

LT can be considered on a case-by-case basis and under strict conditions in 
patients presenting with unresectable perihilar cholangiocarcinoma, hepatic 
epithelioid hemangioendothelioma, neuroendocrine and colorectal liver  
metastases.

Additional studies are ongoing to determine better the indications of LT for 
intrahepatic cholangiocarcinoma and colorectal metastases.
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Tips

 c Hepatocellular cancer To evaluate probabilities of recurrence and 
survival after LT for HCC, refer to the recently published AFP model 
and Metroticket 2.0, two user-friendly tools to assess prognosis after LT 
for HCC.

 c Define bridging therapies by a multidisciplinary approach in patients 
with expected waiting time > 6 months.

 c Schedule quarterly imaging and AFP surveillance during the waiting 
phase to evaluate tumor progression and response to bridging therapies.

 c Reassess the risk of recurrence after LT by explant pathology analysis 
to adapt immunosuppression and surveillance strategies.

 c In case of recurrence, consider aggressive surgical treatment of single 
metastases to prolong survival.

Other Tumors

 c Do not rule out LT and discuss this therapeutic possibility in case of 
patients presenting in expert multidisciplinary meetings.

 c Perihilar cholangiocarcinoma meeting the Mayo Clinic Criteria.
 c Very early intrahepatic cholangiocarcinoma (single, <3 cm).
 c Multifocal neuroendocrine metastases controlled by medical treatment.
 c Epithelioid hemangioendothelioma, even in the presence of contained 

extrahepatic localizations.

Key Points
• New composite predictive models including AFP and DCP allow trans-

plantation of HCC patients beyond Milan criteria without hampering 
outcome.

• In HCC patients, response to therapy is a critical aspect to take into account 
when listing, either in patients undergoing successful resection or different 
modalities of locoregional treatment such as radiofrequency and TACE, in 
whom LT can be postponed, or in patients progressing on bridging therapy 
in whom dropout should be considered.

• LT is a valuable option in the treatment of unresectable highly selected 
patients with perihilar CC when combined with neoadjuvant therapy 
(Mayo protocol), especially in perihilar CC developed in primary scleros-
ing cholangitis.

• LT is a valuable option in unresectable rare tumors such as multifocal NET 
metastases or HEHE. LT as a treatment for CRLM is now under full 
investigation.

• LT may be an indication for unresectable, small (2–3 cm) solitary intrahe-
patic CC.
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