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Introduction / Liver Transplantation in Hepatic  
Malignancies

Liver transplantation (LTX) as a treatment option for hepatic 
malignancies to achieve an R0 resection in otherwise irresectable 
tumors evolved into a standard procedure concerning selected 
tumor entities.

In 1996, Mazzaferro et al. [1] showed an excellent overall and 
recurrence-free survival in patients undergoing LTX for small 
hepatocellular carcinomas (HCC) within the so-called ‘Milan crite-
ria’ (singular HCC  5 cm or up to three HCC  3 cm without 
macrovascular invasion). Also, extension of the HCC criteria such 
as the ‘University of California San Francisco (UCSF) criteria’ (sin-
gle tumor  6.5 cm or up to three tumors  4.5 cm with a total 
tumor volume  8 cm) or the ‘up-to-seven criteria’ (sum of the 
number of nodules and diameter of the largest tumor in cm) 
showed a comparable and good outcome [2, 3]. Therefore, up to 
date, HCC is a standard indication for LTX with an outcome com-
parable to patients transplanted for benign indications.

Early results of LTX in patients with non-resectable cholangio-
cellular carcinoma showed a high recurrence rate with a resulting 
poor patient survival [4–6]. Recently, the Mayo group could show 
an excellent overall survival (1-/5-year survival rate 92%/82%) and a 
low recurrence rate (1-/5-year recurrence rate 0%/12%) in highly 
selected patients (small tumor < 3 cm, no lymph node or distant 
metastases) with a stringent protocol including neoadjuvant radio-
chemotherapy [7]. However, a disadvantage of this study consists in 
an absence of malignancy in the histopathological result in 42% of 
the explanted livers. Further studies are needed and ongoing to ver-
ify the benefit of LTX in patients with cholangiocellular carcinoma.

Another primary liver malignancy which has evolved into a 
standard indication for LTX is non-resectable hepatoblastoma in 
children, in selected cases even in the situation of controlled dis-
tant metastases [8].
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Summary
Due to the high blood flow, especially blood from the in-
testinal tract via the portal vein, the liver is a preferred 
organ for metastases. In case of advanced, irresectable 
liver metastases liver transplantation (LTX) remains an 
attractive option. However, due to high recurrence rates 
or a lack of data, up to date, metastases from neuroen-
docrine tumors (NETs) are the only accepted indication 
for LTX in non-colorectal liver metastases. In this regard, 
LTX is only justified in patients in which complete tumor 
resection (R0 resection) of the NET is achievable. A liter-
ature review revealed no clear patient selection criteria 
but transplantation should definitively achieve an R0 re-
section with complete freedom of tumor. The available 
data regarding the outcome following LTX for NETs 
show a comparable short- and long-term outcome for 
patients transplanted for other malignancies, e.g. hepa-
tocellular carcinoma, or also benign indications in the 
high MELD (model for end-stage liver disease) era. Thus, 
most data prove a better post-transplant outcome and a 
lower recurrence rate in patients with a good differentia-
tion of the tumor, a low proliferation index (Ki67), and a 
portal drainage of the NET.
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Instead of primary liver malignancies, the liver is a preferred 
organ for metastases of different primary tumors, especially from 
the intestine. In general, metastatic diseases represent a contraindi-
cation for organ transplantation. There are only few data regarding 
the outcome following LTX for irresectable colorectal metastases. 
The SECA study in Norway [9], an open, prospective pilot study 
including 21 patients with non-resectable liver-only colorectal liver 
metastases, analyzed the outcome following LTX. Only patients 
fulfilling strict inclusion criteria (e.g. radical resection of the pri-
mary tumor, extensive pre-transplant staging including laparot-
omy with lymphadenectomy in the hepatoduodenal ligament and 
negative frozen section examination, minimum of 6 weeks of 
chemotherapy pre-transplant, good performance status (ECOG 0 
or 1)) were included in the study. The recurrence rate after LTX was 
very high, with diagnosis of a local or metastatic recurrence in 19 
of 21 patients after a median time of 6 months. The patient survival 
rates were 95, 68, and 60% at 1, 3, and 5 years after LTX, respec-
tively. Overall, due to the existing organ shortage in almost all 
countries and the comparable worse outcome following LTX for 
colorectal liver metastases, it is widely recognized as a contraindi-
cation for transplantation.

Regarding LTX for non-colorectal liver metastases, the only re-
maining accepted indication is metastases from neuroendocrine 
tumors (NETs). NETs originate from the widespread neuroendo-
crine system with primary localization mostly in the gastrointesti-
nal tract, followed by the pancreas, lung, kidney, ovaries, and other 
sites. The liver is the most common metastatic site, and in most 
cases liver metastases are already present at the time of diagnosis 
[10]. Resection of the primary tumor and the metastases remains 
the best therapeutic option. Despite of the concept of cytoreductive 
surgery in NETs being incorporated in a multimodal therapy re-
gime, resection should be able to remove the bulk of the liver me-
tastases [11]. Therefore, LTX seems to be a possible option in se-
lected cases with non-resectable liver metastases. A review of the 
literature reveals a number of small studies and meta-analyses re-
garding the subject of LTX for NET liver metastases. 

Key Questions in LTX for NETs

– What is the outcome regarding patient survival and tumor re-
currence in patients transplanted for NET liver metastases? 

– Which selection criteria should be used to select patients for 
LTX? 

– What is the best time point for transplantation?

Fan et al. [12] performed a literature review regarding the aspect 
of LTX for NET liver metastases. They found 46 relevant publica-
tions including a total of 873 patients undergoing LTX for NETs. 
Studies include prospective and retrospective comparative cohort 
studies and case-controlled studies; no prospective randomized 
trial was available for this topic. The reported overall 5-year post-
transplant survival rates varied between 47 and 90%. One of the 
largest included studies analyzing the outcome following LTX for 
NETs in Europe (based on LTX data of 213 patients from 35 cen-
ters in 11 European countries) showed an overall 1-, 2-, 3-, 4-, and 
5-year survival of 81, 73, 65, 55, and 52%, respectively [13]. An-
other large study (n = 150) analyzing the UNOS data found 1-, 3-, 
and 5-year overall survival rates of 81, 65, and 49%, respectively 
[14]. Overall, the reported survival rates are comparable to patients 
undergoing LTX for HCC within the generally used thresholds and 
are likewise comparable to patients transplanted for non-malig-
nant indications within the MELD (model for end-stage liver dis-
ease) allocation era. The described 5-year recurrence-free survival 
varied in the different studies from 18 to 77% [12]. In the analysis 
of the Europe Liver Transplant Registry, Le Treut et al. [13] found 
recurrence-free survival rates of 65, 49, 40, 33, and 30% at 1, 2, 3, 4, 
and 5 years after LTX, respectively, in the previously mentioned 
213 patients. The analysis of the UNOS database showed 1-, 3-, and 
5-year recurrence-free survival rates of 77, 50, and 32%, respec-
tively [14]. An overview about the existing studies with post-trans-
plant survival and disease-free survival rates is given in table 1.

Table 2. Milan criteria for LTX in patients with hepatic metastasis of a  
NET [15]

Inclusion criteria
1. Confirmed histology of carcinoid tumor (low-grade neuroendocrine tu-

mors) with or without syndrome
2. Primary tumor drained by portal system (pancreas and intermediate gut: 

from distal stomach to sigmoid colon) removed with a curative resection 
(pre-transplant removal of all extrahepatic tumor deposits) through surgical 
procedures different and separate from transplantation

3. Metastatic diffusion to liver parenchyma ≤ 50%
4. Good response or stable disease for at least 6 months during pre-transplant 

period
5. Age ≤ 55 years

Exclusion criteria
1. Small-cell carcinoma and high-grade neuroendocrine carcinomas (non-

carcinoid tumors)
2. Other medical/surgical conditions contraindicating liver transplantation, 

including previous tumor
3. Non-gastrointestinal carcinoids or tumors not drained by the portal system

Author Patients,  
n

Overall survival, % Disease-free survival, %

1 year 3 years 5 years 1 year 3 years 5 years

Le Treut et al. [13] 213 81 65 52 65 40 30
Gedaly et al. [14] 150 81 65 49 77 50 32
Mazzaferro et al. [15]  24 NR NR 90 NR NR 77

NR = Not reported.

Table 1. Overview about existing studies  
concerning LTX for NET – with 1-, 3-, 5-year  
survival and disease-free survival rates
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Mazzaferro, who had already defined the ‘Milan criteria’ as se-
lection criteria for patients with HCC undergoing LTX, described 
in his work ‘Neuroendocrine tumors metastatic to the liver: how to 
select patients for liver transplantation?’ [15] possible selection cri-
teria for patients with NETs and LTX based on a literature review 
(1970–2006). Table  2 shows the detailed inclusion and exclusion 

1. Guidelines for Neuroendocrine Tumors (NET) 

A review of the literature supports that candidates with NET are expected to have a low risk of waiting 
list drop-out. Initial recommendations included age less than 60. Older patients with a lot of disease 
burden may be referred to transplant as a last resort, leading to poor outcomes, while data presented 
at the AASLD show that very young patients with NET and early stage disease do well. Committee 
members believed that these initial guidelines could include strict criteria that could be expanded 
based upon the experience of the RRBs. 

Transplant programs should also be aware of these criteria when submitting exceptions for 
NET. RRBs should consider the following criteria when reviewing exception applications for 
candidates with NET. 

1. Recipient age <60 years. 
2. Resection of primary malignancy and extra-hepatic disease without any evidence of 

recurrence at least six months prior to MELD exception request. 
3. Neuroendocrine Liver Metastasis (NLM) limited to the liver, Bi-lobar, not amenable to 

resection. 
4. Tumors in the liver should meet the following radiographic characteristics: 

 a. CT Scan: Triple phase contrast 
o i. Lesions may be seen on only one of the three phases 
o ii. Arterial phase: may demonstrate a strong enhancement 
o iii. Large lesions can become necrotic/calcified 

 b. MRI Appearance: 
o i. Liver metastasis are hypodense on T1 and hypervascular in T2 wave 

images 
o ii. Diffusion restriction 
o iii. Majority of lesions are hypervascular on arterial phase with wash –out 

during portal venous phase 
o iv. Hepatobiliary phase post Gadoxetate Disodium (Eovist): Hypointense 

lesions are characteristics of NET 
5. Consider for exception only those with a NET of Gastro-entero-pancreatic (GEP) origin tumors 

with portal system drainage. Note: Neuroendocrine tumors with the primary located in the 
lower rectum, esophagus, lung, adrenal gland and thyroid are not candidates for automatic 
MELD exception. 

6. Lower - intermediate grade following the WHO classification. Only well differentiated (Low 
grade, G1) and moderately differentiated (intermediate grade G2). Mitotic rate <20 per 10 HPF 
with less than 20% ki 67 positive markers. 

7. Tumor metastatic replacement should not exceed 50% of the total liver volume 
8. Negative metastatic workup should include one of the following: 

 a. Positron emission tomography (PET scan) 
 b. Somatostatin receptor scintigraphy 
 c. Gallium-68 (68Ga) labeled somatostatin analogue 1,4,7,10-

tetraazacyclododedcane- -tetraacetic acid (DOTA)-D-Phe1-Try3–
octreotide (DOTATOC), or other scintigraphy to rule out extra-hepatic disease, 
especially bone metastasis.  
Note: Exploratory laparotomy and or laparoscopy is not required prior to MELD 
exception request. 

9. No evidence for extra-hepatic tumor recurrence based on metastatic radiologic workup at least 
3 months prior to MELD exception request (submit date). 

10. Recheck metastatic workup every 3 months for MELD exception increase consideration by the 
Regional Review Board. Occurrence of extra-hepatic progression – for instance lymph-nodal 
Ga68 positive locations – should indicate de-listing. Patients may come back to the list if any 
extra-hepatic disease is zeroed and remained so for at least 6 months. 

11. Presence of extra-hepatic solid organ metastases (i.e. lungs, bones) should be a permanent 
exclusion criteria 

criteria for transplantation in patients with neuroendocrine liver 
metastases analogously to his publication.

Different publications showed a reduced post-transplant sur-
vival in patients transplanted for poorly differentiated NETs com-
pared to well-differentiated NETs. Ki67 as proliferation index gives 
further information about the differentiation of the NET. In gen-

Fig. 1. Recommenda-
tions from the OPTN 
to select patients with 
NET for LTX [20].
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eral, a Ki67 value < 10% characterizes a well-differentiated tumor 
and select patients for LTX [15–17]. Studies regarding the benefit 
of a further reduction of the Ki67 value (e.g. <2%) mostly failed to 
prove a statistically significant benefit in post-transplant patient 
survival or recurrence reduction [18, 19].

The consideration to perform LTX only in NETs with portal 
drainage is based on the idea that solely in these cases the liver rep-
resents the first metastatic station and that, accordingly, no further 
tumor spread exists. This means that only gastrointestinal NETs 
from the distal stomach to the middle colon and NETs from the 
pancreas should be considered for LTX.

In every case the primary tumor site should be resected prior to 
LTX in a curative intent, including complete tumor resection and 
locoregional as well as distant lymph node dissection, thus achiev-
ing an R0 resection. Applying the strict selection criteria given in 
table  2, Mazzaferro et al. [15] described an excellent post-trans-
plant 5-year survival of 90% and a 5-year recurrence-free survival 
of 77% in a prospective series (n = 24). However, other groups also 
showed good outcomes in patients with extended criteria concern-
ing patient age, tumor mass, or primary tumor site [17, 19].

Due to the good outcome of individual patients undergoing 
LTX for NETs, the Organ Procurement and Transplantation Net-
work (OPTN) published recommendations for selecting patients in 
the United States for LTX with NETs. Selection criteria include re-
cipient age < 60 years, limitation of the NET metastases to the liver 
with a bilobar involvement and not amenable to resection, and re-
section of the primary malignancy without evidence for recurrence 
for at least 6 months. Only patients with well to moderately differ-
entiated NETs (G1/G2) with a low mitotic rate (<20 per 10 high 
power fields) and a Ki67 value < 20% which originate from the gas-
troenteropancreatic system with portal system drainage should un-
dergo LTX. Furthermore, the guidelines contain instructions for 
radiological workup including time interval, type of diagnostics, 
and radiographic characteristics. The detailed recommendations 
are shown in figure 1 [20].

Overall, NETs are mostly slow-growing tumors with long peri-
ods of stable disease. There are controversial opinions regarding 
the best time point of LTX in patients with NET liver metastases. 
Whereas Mazzaferro et al. [15] postulate a good response or a sta-
ble disease for at least 6 months prior to LTX, many experts sup-
port that asymptomatic patients with stable disease do not require 
LTX, whereas LTX should be performed in case of non-resectable 
liver metastases under progress from refractory to non-medical 
treatment [12]. However, different studies found a better outcome 
in patients with a longer waiting time [14].

Conclusion

In summary, NETs remain the only tumor entity in which LTX 
is justifiable and indicated in case of irresectable liver metastases. 
Literature review reveals no clear patient selection criteria; how-
ever, transplantation should definitively achieve an R0 resection 
with complete freedom of tumor. As expected, most data proved a 
better post-transplant outcome and a lower recurrence rate in pa-
tients with a good differentiation of the tumor and a low prolifera-
tion index (Ki67 < 10%). Additionally, an outcome benefit is pos-
tulated in patients with NETs with a portal drainage. 

Overall, the actually reported short- and long-term outcome of 
LTX in these selected patients with NET liver metastases is compa-
rable to patients transplanted for other malignancies, e.g. HCC, or 
benign indications. 
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