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Abstract
Introduction: Liver transplantation (LT) is today’s standard 
treatment for both end-stage liver disease and tumors; how-
ever, suitable grafts for LT are a scarce resource and outcome 
after LT is highly dependent on its underlying indication. 
Thus, patients must be carefully selected to optimize the 
number of life years gained per graft. This comprehensive 
and systematic review critically reflects the most recently 
published oncological outcome data after LT in malignan-
cies based on the preoperative radiological findings. Meth-
ods: A systematic literature search was conducted to detect 
preferentially most recent high-volume series or large data-
base analysis on oncological outcomes after LT for both pri-
mary liver cancer and liver metastases between January 1, 
2019, and November 14, 2020. A comprehensive review on 
the radiological assessment of the reviewed liver malignan-
cies is included and its preoperative value for an outcome-
driven indication reflected. Results: Twenty most recent 
high-volume or relevant studies including a total number of 
2,521 patients were identified including 4, 4, 4, 4, 3, and 1 
publications on oncological outcome after LT for hepatocel-
lular carcinoma, cholangiocellular carcinoma, hepatic epi-
theloid hemangioendothelioma, hepatoblastoma, and both 
metastatic neuroendocrine tumors and colorectal cancer, 
respectively. The overall survival is comparable to patients 

without tumors if patients with malignancies are well select-
ed for LT; however, this is highly dependent on tumor entity, 
tumor stage, and both neoadjuvant and concomitant treat-
ment. Discussion/Conclusion: LT is a promising option for 
better survival in patients with malignant liver tumors in se-
lected patients; however, the indication must be critically 
discussed prior to LT in every single case in the context of 
organ shortage. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Liver transplantation (LT) was especially designed as 
a complex procedure to treat liver malignancies. At the 
beginning of the LT era, Thomas E. Starzl pioneered this 
concept and has proven its feasibility in 2 consecutive pa-
tients who underwent LT in 1963 for hepatocellular car-
cinoma (HCC) and cholangiocellular carcinoma (CCC) 
with a survival of 22 and 7.5 days, respectively [1]. How-
ever, it was not before 1967 when he achieved 1-year sur-
vival after LT in a 19-month-old HCC patient [2]. Ac-
cording to the European LT Registry (ELTR), in the past, 
cancers constituted almost half of all the indications [3, 
4].

LT has evolved over the last many years to a routine 
operation for well-defined standard indications. The un-
derlying indications, however, have changed over the 
years due to a significantly better 5-year patient survival 
after LT of 71% for cirrhosis as compared with 64% in 
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primary liver tumors. Best survival was achieved after LT 
for congenital biliary (85%), metabolic (79%), and chole-
static (79%) diseases [5]. Despite inferior survival rates, 
the incidence of LT for malignancies has doubled within 
the last decade to >24% [5]. How can this be explained? 
During the last decade, the most important gain in sur-
vival was observed in patients who underwent LT for pri-
mary liver tumors and liver metastases with a 5-year sur-
vival of 67 and 61%, respectively.

Advances in immunosuppressive regimens [6] and 
novel concepts in multimodal tumor therapy including 
innovative chemotherapeutic agents [7] justify evaluating 
novel protocols for the treatment of liver malignancies 
including LT in selected patients. However, clinical trials 
are needed to satisfy the demand for clinical evidence to 
implement both new prognostic markers and tailored 
therapy in cancer patients for better selection on an indi-
vidual basis. Once new prognostic markers and antican-
cer regimens are implemented in the clinical selection 
and decision-making process, they need to be discussed 
on an individual basis in combined multidisciplinary 
transplant and tumor boards.

Thus, today LT is recommended based on both (inter)
national guidelines and current publications for HCC, 
CCC, hepatic epitheloid hemangioendothelioma 
(HEHE), hepatoblastoma, and both metastatic neuroen-
docrine (NELM) and colorectal tumors [8–21] if specific 
criteria for the various tumors are fulfilled [3, 22]; how-
ever, especially in the latter 2 tumor entities, LT is only 
indicated in highly selected cases. Further, for CCC and 
for metastases of colorectal tumors, LT can only be rec-
ommended under controlled conditions like trials [3]. 
Thus, there are recruiting clinical trials to further develop 
the concept of LT in patients with cancer [23] aiming for 
novel concepts to improve survival [24] or to further ex-
pand the indications in selected tumor entities [25].

This comprehensive and systematic review critically 
reflects predictors for inferior oncological outcome, 
which are a prerequisite in the decision-making process 
on whether there is an indication for LT based on both 
tumor identification and staging [26, 27]. Further onco-
logical outcome after LT for cancers is systematically pre-
sented and analyzed based on most current evidence, that 
is, observational data coming from databases, large co-
horts, and randomized controlled trials.

Methods

Comprehensive Literature Search
To elucidate the indication for LT in liver malignancies includ-

ing both the specific imaging patterns for the underlying tumor 
entity and prognostic factors, a literature search was conducted in 
the PubMed database with the following search terms: indications 
for outcome and/OR survival in liver transplantation in unresect-

able malignancies OR outcome in liver transplantation for malig-
nancies beyond hepatocellular carcinoma OR outcome in liver 
transplantation for HCC, CCC, hepatic epitheloid hemangioendo-
thelioma, hepatoblastoma, and both metastatic neuroendocrine 
and colorectal tumors, respectively. Additionally for the specific 
imaging findings, we used the following terms: imaging of OR ra-
diological findings of OR radiological assessment OR imaging pat-
terns of HCC, CCC, hepatic epitheloid hemangioendothelioma, 
hepatoblastoma, both metastatic neuroendocrine and colorectal 
tumors, respectively. Result of the search was limited to clinical 
data only.

Systematic Literature Search
A systematic oncological outcome-based literature search in 

PubMed for reports published between January 1, 2019, and No-
vember 14, 2020, on patients who underwent LT for malignancies 
(HCC, CCC, HEHE, hepatoblastoma, and both NELM and 
colorectal tumors) was performed. This 2-year period was care-
fully selected to have the most recent state-of-the-art publications 
on oncological outcome in all the addressed tumor entities as a 
basis for new treatment strategies. The structured search strategy 
comprises the following search terms or a combination of them: 
outcome and/OR survival for LT in hepatocellular carcinoma OR 
HCC OR cholangiocarcinoma OR CCC, hepatic epitheloid he-
mangioendothelioma, hepatoblastoma, and both metastatic neu-
roendocrine and colorectal tumors, respectively. Only full-text ar-
ticles published in English were assessed. Publications not based 
on observational data obtained from databases, large cohorts, and 
randomized controlled trials were excluded from the search re-
sults; however, authors’ driven selection of all other studies based 
on novel information in the field of LT in malignancies or confir-
matory data of today’s standards was composed together in tables. 
Thus, there is one table per reviewed tumor entity. Results of the 
search were limited to clinical data only.

Results

General Results of the Systematic Literature Search
Twenty most recent high-volume studies including a 

total number of 2,521 patients were identified including 
4, 4, 4, 4, 4, 3, and 1 publications on oncological outcome 
after LT for HCC, peripheral and intrahepatic CCC 
(pCCC, iCCC), HEHE, hepatoblastoma, and both NELM 
and colorectal tumors, respectively. If modern selection 
criteria are applied, an overall survival (OS) comparable 
to patients without tumors can be achieved after LT; how-
ever, both the selection criteria and the concomitant 
treatment including downstaging and/or perioperative 
chemotherapy are highly dependent on the tumor entity 
and stage. Most of the current evidence is based on obser-
vational data obtained from databases and other large co-
horts retrospectively analyzed.

Hepatocellular Carcinoma
Radiological Diagnosis
During the hepatocarcinogenesis of HCC, several key 

changes happen such as progressive accumulation of an 
increased number of impaired arteries and a decreased 
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number of portal tracts. These microvascular changes 
translate into the characteristic enhancing pattern of 
HCC marked as arterial phase hyperenhancement and 
washout on portal venous and/or delayed phases com-
pared to the background liver on contrast-enhanced mul-
tiphasic computed tomography (CT) and magnetic reso-
nance imaging (MRI). As in any solid tumors, HCC 
shows different and variable imaging features due to a 
wide spectrum of pathological and biological characteris-
tics. Since none of these features taken separately is spe-
cific enough, a diagnosis of HCC is based on a combina-
tion of all of them [18].

Radiological Predictors of Inferior Oncological 
Outcome
Many staging systems and scores include parameters 

like size in diameter, total volume, and number of tumors 
in the liver [28–30]. With the increase of tumor size in 
diameter, the total tumor mass, and number of tumors, 
there is a decreased tumor-free survival after LT. This has 
been nicely demonstrated in the past [31, 32]. Further, 
Otto et al. [33] demonstrated in 96 patients, with 62 pa-
tients outside the Milan criteria, that repeated TACE can 
successfully downstage HCC for LT. Today’s tumor-as-
sociated contraindications for LT in the Western world 
include portal venous tumor thrombosis, cT4, and meta-
static disease [34–36]. As international consensus recom-
mends, imaging follow-up within 2 years after LT is very 
important due to usually recurrence of HCC at this time 
[30]. However, further studies suggest that systematic 
whole-body cross-sectional imaging follow-up should be 
performed even beyond 2 years after LT, since the delayed 
recurrence 2 years after LT is possible [37].

Oncological Outcome Data
In the most recent publications, the best tumor-free 

2-year survival was achieved in patients who underwent 
LT for HCC within the Milan criteria. The recurrence 
rate (RR) in the cohort comprising 589 patients pub-
lished by Al-Ameri et al. [38] was 8.9% within 2 years; 
however, in patients within the AFP model or within the 
Hangzhou criteria, the RR is higher with 11.8 and 15.8%, 
respectively. The best 5-year tumor-free survival was 
achieved in a total of 965 analyzed patients if they were 
within the 5-5-500 rule or within the Milan criteria with 
a low RR of only 7.3 and 7.5%, respectively [19]. Patients 
within Milan or 5-5-500 still have shown a low RR of 
9.1% after 5 years [55]. Further, Shimamura et al. [19] 
demonstrated that patients within Milan and an AFP 
cut-off value of 500 ng/mL are at high risk, and thus, the 
5-5-500 rule can expand the LT criteria for patients be-
yond Milan (Table 1). Meischl et al. analyzed their pa-
tients based on the histological explant Milan criteria and 
have not seen any different OS between their Milan and 

beyond Milan patients (Table 1). Interestingly, patients 
with a CRP of ≥1 mg/mL independent of Milan were as-
sociated with an inferior oncological outcome [17]. A cu-
mulative HCC recurrence risk according to a novel on-
cological risk score (ORS) including AFP, CRP, and 
ALBI grade was demonstrated [15, 39]. Thus, ALBI grade 
seems to be of value for better preoperative oncological 
risk stratification to calculate the novel ORS.

Cholangiocellular Carcinoma
Radiological Diagnosis
A combination of different imaging modalities in es-

tablishing the correct diagnosis has been demonstrated to 
be useful. Their choice depends on both tumor location 
and type. Multiphasic contrast-enhanced multidetector 
CT is the standard imaging method. The pre-contrast 
phase is useful in the detection of intraductal stones and 
in differentiating stones from pCCC. Post-contrast imag-
ing includes arterial and portal venous phases and 3–5 
min after contrast medium application, the delayed phase 
because iCCC shows an enhancement in the delayed 
phase due to its abundant fibrous stroma and also typical 
capsule retraction [10]. MRI in combination with MR 
cholangiopancreatography (MRCP) is a problem-solving 
tool in the differential diagnosis of CCC, in additional to 
CT. MRCP is very suitable for the assessment of pCCC. 
Endoscopic retrograde cholangiography (ERC) is capable 
for histological confirmation or biliary drainage in pCCC. 
For tumor staging in patients with potentially disease on 
CT and/or MRI, 18F-FDG PET is appropriate [12]. Imag-
ing features of a rare mixed HCC-iCCC tumor show a 
combined spectrum of iCCC and HCC. On further arte-
rial enhancement with washout, a lobulated shaped lesion 
with hepatic capsular retraction and infiltration of the 
biliary tree is seen [40].

Radiological Predictors of Inferior Oncological 
Outcome
The vascular invasion of CCC, tumor growth into the 

segmental bile ducts, and lymph node metastases are im-
portant factors for post-LT outcome. An accurate assess-
ment for tumor extent with an appropriate imaging mo-
dality is of high importance in LT planning. CT is the 
imaging modality with a good sensitivity and specificity 
not only for the assessment of the vessels, tumor extent, 
and extrahepatic metastases in planning an LT but also 
for the assessment of possible anatomical vessel variants 
to reduce the possible complications in LT and eventu-
ally of outcome [41, 42]. Contrast-enhanced MRCP with 
gadolinium ethoxy benzylic diethylenetriamine penta-
acetic acid (Gd-EOB-DTPA) is well suited for assessing 
the biliary system [43], both before and after LT. Further 
studies are needed to determine the imaging characteris-
tics that predict outcome after LT. Nevertheless, LT is 
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thought to have worse outcome in advanced CCC, as this 
is also observed for HCC. In general, however, postop-
erative complications such as vascular occlusion, aneu-
rysm, bile leakage, anastomotic stenosis, and various flu-
id collections play a major role with regard to outcome 

after LT for CCC, most of which are related to neoadju-
vant radio-chemotherapy. Therefore, patients should be 
closely followed up with imaging especially after LT for 
CCC [44].

Table 1. Outcomes after LT for HCC

Author Patients, 
n

Criteria for LT RR, 
%

RFS, 
%

OS rate, 
%

S (p < 0.05) 
NS (p > 0.05)

Al-Ameri et al. [38] 589 2 years 2 years
365 Within Milan* 8.9 85.3 S: * versus a
224 Beyond Milan# 32.2 75.8 S: * versus #
537 Within Hangzhoua 15.8 82.7 S: a versus b

52 Beyond Hangzhoub 32.1 71.6
398 Within AFP modelc 11.8 86.5 S: c versus d

191 Beyond AFPd 30.3 71.3

Shimamura et al. [19] 965 5 years 5 years 5 years
644 Within Milana 7.5 73.1 75.3
301 Beyond Milan 34.7 50.6 58.7
735 Within 5-5-500 7.3 73.2 75.8
230 Beyond 5-5-500 43.8 43.4 52.1
792 Within Milan or 5-5-500e 9.1 71.8 74.8
173 Beyond Milan or 5-5-500f 47.8 40.0 48.6

Post hoc analysis
Within Milan/within 5-5-500 versus 
beyond Milan/within 5-5-500

S (RFS)

Within Milan/within 5-5-500 versus 
within Milan/beyond 5-5-500

S (RFS, OS)

Within Milan/within 5-5-500 versus 
beyond Milan/beyond 5-5-500

S (RFS, OS)

Beyond Milan/within 5-5-500 versus 
beyond Milan/beyond 5-5-500

S (RFS, OS)

Meischl et al. [17] 216 Median time 21.2 months 1/3/5/10 years
16.2 82.4/73.8/70/50.9

132 Within Milan*, c 83.3/78.6/76.5/54.5
84 Beyond Milan*, d (within UT7 or 

UCSF) (*Milan based on explant 
histology, patients underwent 
downstaging if needed)

79.5/64.6/58.3/42.5 NS: c versus d

5 years
CRP ≥1 mg/mLa 
(n = 39 within Milan*, 
31 beyond Milan)
16.4
CRP <1 mg/mLb

27.4

83.5/74.1/70.4/51.4

81.7/75/71.1/53.4

S: a versus b

Kornberg et al. [15]
123
69
88
54
35

Within Milana

Within UT7b

Beyond Milanc

Beyond UT7d

Post hoc analysis
Within Milan/ALBI grade 1
Within Milan/ALBI grade 2
Within Milan/ALBI grade 3
Beyond Milan/ALBI grade 1
Beyond Milan/ALBI grade 2
Beyond Milan/ALBI grade 3
ORS (0–3) low
ORS (4–6) high

5/7 years
76.9/75.9
86.8/86.8

81.6/81.6

61.8/61.8
61/61

96/96e

91.2/91.2f

44.4/44.4g

75.5/75.5h

75/75i

17.6/17.6j

94.2/94.2k

27/27l

5/7 years
82.9/74.6
82.5/80.3

78.3/74.9

64.3/58.9
61.4/61.4

S: a vs c 
(RFS,OS)
S: b vs d 
(RFS,OS)

NS: e vs h, i

S: e, f vs d

S: h, i vs j

S: k vs l

LT, liver transplantation; HCC, hepatocellular carcinoma; RR, recurrence rate; RFS, recurrence-free survival; OS, overall survival.
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Oncological Outcome Data
A 1-, 3-, and 5-year recurrence-free survival (RFS) of 

60, 22.5, and 22.5%, respectively, has been most recently 
described in only 10 patients by Krasnodębski et al. [45]. 
All of these patients underwent LT for PSC, while pCCC 
was found incidentally posttransplant, not detected in the 
preoperative findings due to a small tumor size of a me-
dian of 3 cm with <5% positive lymph nodes. Similar 
good results were presented by Tan et al. [46] in PSC pa-
tients with pCCC with an OS of 89.8, 75.9, 75.9, and 
73.2%, much better than the survival of de novo pCCC 
patients without PSC of 75.0, 58.0, 47.5, and 35.2% at 1, 
3, 5, and 10 years, respectively. This difference however 
vanished if residual tumor was present after LT and sur-
vival was comparable inferior in both groups (Table 2). 
De Martin et al. [47] have the same good results in a co-
hort of both, iCCC, or combined HCC/iCCC patients 
with a 1-, 3-, and 5-year OS and RFS of 81, 74, 74% and 
90, 76, 67%, respectively (Table 2). There was no differ-
ence in survival based on the type of tumor; however, tu-
mor differentiation and the median diameter of the larg-
est nodule were predictors for tumor recurrence and OS 
[47]. Wong et al. [48] have expanded the criteria for LT 
in pCCC with neoadjuvant therapy for downstaging. 
Eighteen patients met their center-specific criteria for this 
procedure with a success rate of 28% (n = 5) who were 
finally eligible for LT. An OS of 80% (n = 4/5) after 1 year 
is comparable to the other cohorts presented above; how-
ever, the RFS was only 75% (n = 3/4) at that time, and a 

number of patients were too low to draw any further con-
clusions.

Hepatic Epitheloid Hemangioendothelioma
Radiological Findings
MRI of the liver is a highly accurate method for eval-

uating focal liver lesions as most of them do have spe-
cific MRI features. HEHE shows a moderate to mark-
edly high signal on T2-weighted images. Also, periph-
eral ring enhancement on the late arterial phase has 
been reported. Some reports observed a targetoid ap-
pearance of the tumor on the later post-contrast phases 
[14]. Other imaging features are a “halo sign” (describes 
a ring-like enhancement during the arterial phase, with 
central filling in the delayed and portal phases) and a 
“lollipop sign” (describes portal vein entering and ter-
minating the periphery of the lesion) on CT and MRI, 
which can help in diagnosis [21]. However, HEHE be-
longs to uncommon liver lesions with not always typical 
imaging features, and a biopsy for its diagnosis is there-
fore necessary. Outcome after LT in HEHE must be as-
sessed further, as recurrence is an unpredictable event 
after LT [11] (Table 3).

Radiological Predictors of Inferior Oncological 
Outcome
Currently, there are no studies on imaging features of 

HEHE that would influence the outcome after LT. HEHE 
is a rare tumor entity; however, the indication for LT even 

Table 2. Outcomes after LT for CCC

Author Patients, 
n

Criteria for LT RR, 
%

RFS, 
%

OS rate, 
%

S (p < 0.05) 
NS (p > 0.05)

Wong et al. [48] 5 pCCC (LT after downstaging of locally 
advanced pCCC)

1 year
75

1 year
80

Tan et al. [46] 74

25

49

pCCC

pCCC in non-PSC

pCCC in PSC

Post hoc analysis
Residual tumor in pCCC in non-PSC

Residual tumor in pCCC in PSC

5 years
12.3
12.5

12.2

1/3/5/10 years
84.9/69.9/66.5/55.6
1/3/5/10 yearsa

75/58/47.5/35.2
1/3/5/10 yearsb

89.8/75.9/75.9/73.2

1/3/5/10 yearsc

73.7/52.1/44.7/27.9
1/3/5/10 yearsd

81.3/45.1/45.1/36.1

S: a versus b

S: c versus a, b

NS: c versus d
S: d versus a,b

Krasnodębski et al. [45] 10 PSC with pCCC incidentaloma 1/3/5 years
60/22.5/22.5

De Martin et al. [47] 49
iCCCa, HCC/iCCCb ≤5 cm

≤2 cmc

>2, ≤5d

5 years
21

1/3/5 years
81/74/74

1/3/5 years
90/76/67
1/3/5 years
92/87/69
87/65/65

NS: a versus b

NS: c versus d

LT, liver transplantation; CCC, cholangiocellular carcinoma; RR, recurrence rate; RFS, recurrence-free survival; OS, overall survival; pCCC, peripheral 
CCC.
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in advanced stage is given [49]. The current imaging cri-
teria before and after transplantation should be consid-
ered [41, 44].

Oncological Outcome Data
The most recent literature describes an excellent RFS 

of up to 100% within 5 and 10 years [50–53]. No specific 
selection criteria were described in the largest cohort of 
88 patients derived from the UNOS database [51]; how-
ever, it is common sense that LT is indicated in unresect-
able tumors as described in the other listed reports (Ta-
ble 3). Brahmbhatt et al. [51] have compared the OS with 
HCC, CCC, and NELM patients undergoing LT and 
clearly state that the outcome of HEHE is similar to that 
of HCC within Milan, while it is superior to both CCC 
and NELM.

Hepatoblastoma
Radiological Findings
Hepatoblastoma appears as a predominantly echogen-

ic soft tissue mass in ultrasound (US). In larger tumors, 
heteroechogeneity is common, and also intralesional cal-
cifications may be visible [9]. CT usually demonstrates a 

well-defined heterogeneous mass, usually hypoattenuat-
ing compared to the surrounding liver parenchyma. The 
areas of necrosis and hemorrhage could be seen, as well 
as dense calcifications [8].

Radiological Predictors of Inferior Oncological 
Outcome
Predictors of inferior outcome include advanced Ev-

ans staging, disease involving both lobes, rupture, low 
AFP, and suboptimal response to first-line chemotherapy 
[54]. Imaging findings should include number, anatomi-
cal location and radiological tumor pattern, extrahepatic 
metastases, and vascular and biliary complications [55] 
since all of these factors have been reported to correlate 
with outcome [56]. In general, great attention should be 
paid to accurate pre- and especially posttransplant imag-
ing to detect complications after LT, as these also have an 
impact on the outcome [41, 44].

Oncological Outcome Data
Very few patients have been reported over the last 2 

years. The vast majority of patients underwent neoad-
juvant chemotherapy for a Pretreatment Extent of Dis-

Table 3. Outcomes after LT for HEHE

Author Patients, n Criteria for LT RR, % RFS, % OS rate, %

Cao et al. [50] 2 Unresectable, diffuse extensive hepatic bilobar lesions 15/52 months
100/100

Brahmbhatt et al. [51] 88 Unresectable lesions 1/3/5 years
88.6/78.9/77.2

Rial et al. [53] 2 Unresectable bilobar lesions 5/10 years
100/100

Krasnodębski et al. [52] 18 Unresectable lesions 65.9 months
100

1/5/15 years
94/82.6/41.3

LT, liver transplantation; HEHE, hepatic epitheloid hemangioendothelioma; RR, recurrence rate; RFS, recurrence-free survival; OS, overall survival.

Table 4. Outcomes after LT for hepatoblastoma

Author Patients, n Criteria for LT RR, % RFS, % OS rate, %

Herden et al. [57] 7 PRETEXT III-IV, adjuvant 
chemotherapy

Median 7.1 years
0

Median 7.1 years
100

Median 7.1 years
100

Okur et al. [91] 10 PRETEXT III-IV, adjuvant 
chemotherapy

Median 32 (9–69) months
80

Median 32 (9–69) months
80

Hendrickson et al. [92] 6 PRETEXT II-IV, adjuvant 
chemotherapy

Average 4 
(1.4–11.8) years
0

Average 4 (1.4–11.8) years
100

Average 4 (1.4–11.8) years
100

Kulkarni et al. [58] 103 Unresectable tumors, perioperative 
chemotherapy (99% of cases)

5 years
80.5

LT, liver transplantation; RR, recurrence rate; RFS, recurrence-free survival; OS, overall survival; PRETEXT, Pretreatment Extent of Disease.
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ease (PRETEXT) II–IV before LT (Table 4). The best 
reported RFS of up to 7.1 years after LT was 100% [57] 
(Table  4). While both neoadjuvant and perioperative 
chemotherapy are of great benefit for survival after LT, 
adjuvant chemotherapy alone has not shown improved 
survival [58].

Metastatic Neuroendocrine Tumors
Radiological Findings
The appearance of NELM in US is variable with mixed 

hyper- and hypoechoic patterns. The central cystic ap-
pearance is highly characteristic of NELM in US. As most 
NELMs are hypervascular, they appear hyperattenuated 
on CT, but they can also appear hyperattenuated with 
washout, in dependence of whatever their origin is: pan-
creatic or enteric NET. Initial workup should include 
contrast-enhanced CT to evaluate the liver burden, but 
also extrahepatic disease. Also, to detect extrahepatic dis-
ease, metabolic imaging with 68Gallium-labeled soma-
tostatin analogues 68Gallium-DOTA-Tyr3-octreotate 
(68Ga-DOTATOC PET/CT) [59] should be performed. If 
the patient is considered for surgical resection, MRI of the 
liver with diffusion-weighted imaging using hepatospe-
cific contrast medium is indicated. Postoperative follow-
up imaging after LT ideally is performed with MRI; how-
ever, CT is often performed for the exclusion of post-LT 
complications. Metabolic imaging is useful in cases where 
morphological imaging indicates recurrence [13].

Radiological Predictors of Inferior Oncological 
Outcome
Outcome after LT in NELM depends on the primary tu-

mor. Several studies have shown that patients with a pan-
creatic NET had a worse 5-year survival compared with pa-
tients who had a gastrointestinal NET [60]. Therefore hep-
atomegaly, large liver metastases, Whipple’s procedure or 
splenectomy, age of >50 years, and high tumor grade indi-
cate inferior prognosis [60]. Thus, if necessary, a combina-
tion of all available imaging modalities for NET should be 
used to provide information of the above accordingly.

Oncological Outcome Data
Valvi et al. [61] have published data on 206 patients 

from the UNOS data set (1988–2018) with a 34% RR and 

median time to recurrence of 28 months (range, 1–192 
months). Indication for LT followed various standards 
and was not further specified in the article. The overall 1-, 
3-, 5-, and 10-year patient survival rates were 89.1, 75.3, 
64.9, and 46.1%, respectively. Patients ≤45 years of age 
had significantly improved survival after LT for NELM, 
and a waiting time longer than 6 months was associated 
with lower RR. Korda et al. have analyzed their 10 center 
patients. The estimated 1- and 5-year RFS rates were 80 
and 43%, respectively. Every patient whose primary tu-
mor was of pancreatic origin or those recipients who had 
Ki67 index values in the explanted liver >5% have devel-
oped recurrent disease [62]. Ruzzenente et al. [63] ana-
lyzed a multi-institutional cohort of 28 patients including 
status post-resection of portal system-drained NET, pa-
tients with stable disease or response to therapies for ≥6 
months, <50% tumor mass of total liver volume, low-
grade NET, and age ≤60 years. Excellent OS of 83% was 
achieved in the cases within Milan. If G1, status post mi-
nor liver resection, only 1–2 liver metastases, or a small 
tumor size (<3 cm), the survival was even better in these 
within Milan patients and were 90, 92, 94, and 100%, re-
spectively.

Colorectal Liver Metastases
Radiological Findings
Typical findings in colorectal liver metastases on CT 

and MRI are well defined, solid, and on US hypoechoic 
lesions, sometimes with “target” or “bull’s eye” appear-
ance [64]. Gadoxetic acid-enhanced MRI of the liver is 
superior to CT in the detection of colorectal liver metas-
tases up to 1 cm in diameter in patients with moderate-
to-severe fatty infiltration of the liver. A combination of 
MRI and intraoperative US may further improve the out-
come of surgical treatment [65].

Radiological Predictors of Inferior Oncological 
Outcome
The overall outcome after LT in colorectal metasta-

ses is poor. There are no specific radiological predictors 
of oncological outcome available; however, as in most 
tumor entities, tumor size and vascular invasion cT4 
potentially decrease a benefit of LT [26, 41]. Indeed, ac-
cording to the SECA-I trial, a tumor diameter of >5.5 

Table 5. Outcomes after LT for colorectal liver metastases

Author Patients, n Criteria for LT RR, % RFS OS

Smedman 
et al. [67]

10 Synchronous unresectable CRLM, status post radical resection of the primary tumor, 
chemotherapy, largest liber metastasis ≤10 cm, weight loss ≤10% in last 6 mo, BMI ≤30; 
resectable pulmonary metastases allowed (LT with extended criteria donor grafts)

Median 23 
months
80

4 months 
(median)

18 months 
(median)

LT, liver transplantation; RR, recurrence rate; RFS, recurrence-free survival; OS, overall survival.
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cm is an independent factor for inferior outcome and 
progressive disease after neoadjuvant chemotherapy 
[66].

Oncological Outcome Data
Most recently, the data on 10 patients of the SECA-II 

arm D study were published [67]. Patients included were 
not eligible for inclusion in the arms A, B, and C of the 
SECA-II study [67] (Table 5). Even patients who had re-
sectable pulmonary metastases were eligible for inclu-
sion. Patients had an extended tumor load including N2; 
however, liver metastases >10 cm were excluded. Almost 
all the patients underwent LT with extended criteria do-
nor grafts. Both OS and disease-free survival were poor 
with a median of 18 and 4 months, respectively. This 
small cohort with short OS clearly shows the limits in LT 
for colorectal liver metastases (Table 5).

To date, results of the still ongoing trials (SECA-III, 
RAPID, LIVERT(W)OHEosAL, TRANSMET, COLT, 
TRIPLETE, and SOULMATE) are still pending.

Discussion/Conclusion

General Remarks
This article combines the most recent published onco-

logical outcome data after LT for malignancies together 
with pretransplant imaging describing typical findings 
for the various tumor entities.

Since modern imaging technology has led to an in-
creased sensitivity and specificity, earlier tumor stages 
are detected. If this technology is combined with scores 
like the Milan criteria that were implemented decades 
ago, it is obvious that LT for HCC today is restricted to 
much earlier stages than the past. Further, early tumor 
stages can be better diagnosed with the current modern 
imaging modalities, that is, hepatospecific contrast me-
dia, which allows the detection even of very small liver 
lesions of up to a diameter of <1 cm [68]. Thus, criteria 
that are much more expanded than Milan have led to ac-

ceptable oncological outcomes [69]. This is of special im-
portance in these complex LT candidates since all of the 
cases are discussed in multidisciplinary tumor boards 
and/or transplant boards. During the discussion consid-
ering LT, the impact of imaging results plays a crucial 
role.

Further, the excellent tumor-free survival is achieved 
today with novel multimodal treatment concepts and is 
directly linked with both high-tech imaging and the ap-
plication of well-established and novel prognostic scores 
and parameters.

Indeed, this article does not aim to newly define indi-
cations for LT in malignancies but clearly underlines the 
need of a tailored, sometimes even multimodal approach 
in every patient using modern imaging modalities, novel 
(neo-)adjuvant chemotherapy, and innovative immuno-
suppressive regimens to obtain best possible outcomes in 
both quality of life and life years gained. Guidelines [70, 
71] shall be considered and also be constantly re-evaluat-
ed based on the newest literature. LT can be performed 
outside the framework of the most actual and exclusively 
medical-based guidelines; however, if done so, there is a 
need for justification given organ shortage, which is the 
predominant challenge of LT. While under the line LT 
may be at least the best palliation for most patients with 
malignant liver tumors, this approach is limited by organ 
shortage and the associated commitment to gain as many 
life years as possible per transplanted organ.

How is the oncological outcome after LT for the ma-
lignancies that are considered transplant indications to-
day?

Hepatocellular Carcinoma
HCC is the ninth most common malignancy among 

women worldwide and is the fifth most common malig-
nancy in men [72]. HCC within the setting of cirrhosis is 
given a higher priority, and thus, it is a rapidly growing 
indication for LT [11]. Both the detection and treatment 
of HCC have evolved significantly during the last decade 
and comprise local ablation, chemoembolization, and 

Table 6. Outcomes after LT for neuroendocrine liver metastases

Author Patients, n Criteria for LT RR, % RFS, % OS rate, %

Korda et al. [62] 10 Not specified Median 33 months
50

1/5 years
80/43

1/5 years
89/71

Ruzzenente et al. [63] 28 Milan criteria 5 years
83

Valvi et al. [61] 206 Not specified Median 28 (1–192) months
34

1/3/5/10 years
89.1/75.3/64.9/46.1

LT, liver transplantation; RR, recurrence rate; RFS, recurrence-free survival; OS, overall survival.
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laparoscopic liver resection toward transplantation [73] 
and promising trials on adjuvant chemotherapy [74] after 
LT for a curative intention. Early-stage HCCs [75] with-
out vascular invasion or metastasis are considered best 
candidates for LT. However, patients within the conser-
vative Milan criteria who undergo local tumor control 
used not only for downstaging but also as predictor for 
oncological outcome [76] are critically evaluated before 
LT and thus have an excellent outcome [77]. Most recent 
data published show a 5-year OS of 82.5% [15] (Table 1) 
comparable to the expected survival of patients who do 
not have HCC. Most importantly with the modern diag-
nostic imaging and perioperative management even in 
patients with expanded Milan criteria, that is, the Hang-
zhou criteria [38], 5-5-500 rule [19], UCFS [17], AFP 
model [16], TTV-AFP model (for beyond Milan patients) 
[16], Kyoto criteria [16], and UT7 criteria [15], an accept-
able outcome is obtained (Table 1). Further, the MoRAL 
score is an excellent predictor for HCC recurrence after 
LT [16] (Table  1). Moreover, novel scores, such as the 
5-5-500 which includes the AFP value and the ORS [15] 
which includes AFP as well as additional predictors like 
CRP [17] and the ALBI score, combine relevant factors in 
tumor biology to allow a better patient selection (Ta-
ble 1).

However, it seems that most established or newly de-
veloped scores and models more or less lead to similar 
outcomes. Thus, the full management of patients in the 
various centers shall be compared to make underlying 
prerequisites transparent for better comparison of the in-
vestigated scores and models.

Cholangiocellular Carcinoma
CCC is the most common biliary and the second 

most common primary hepatic malignancy [78] and is 
classified for LT in iCCC and pCCC. While patients 
with iCCC are not classical candidates for LT, LT would 
be the treatment of choice in patients with pCCC, espe-
cially using the Mayo protocol combining aggressive 
high-dose neoadjuvant chemoradiotherapy before 
staging, but also selecting and operatively staging pa-
tients prior to LT [79]. In the past, Mantel et al. [80] 
reported 147 patients with a 5-year OS of 59%. The data 
from 12 US centers demonstrated a 5-year RFS of 65% 
of the liver-transplanted patients with pCCC [23]. Most 
recent studies have shown that LT is justified for pa-
tients with unresectable very early iCCC and combined 
HCC/iCCC, with survival outcomes comparable to 
those of HCC (62) (Table 2). Best results however are 
clearly obtained in patients who underwent LT for PSC 
with incidentally found pCCC, while comparable re-
sults can be obtained in PSC patients with pCCC diag-
nosed before LT [45, 46](Table  2). Further, there ap-
pears no difference in outcome if patients with small 

iCCC and combined HCC/iCCC undergo LT [47] (Ta-
ble 2). However, in these patients, both median size and 
type of the tumor are predictors for survival. Even 
downstaging can successfully lead patients toward LT 
with curative intention [48]. The role of LT in CCC re-
mains to be elucidated by ongoing clinical trials.

Hepatic Epitheloid Hemangioendothelioma
Malignant HEHE is a rare vascular neoplasm of un-

known etiology. A 5-year OS of 54.5% was reported in a 
review of published series [81]. In the large ELTR-ELITA 
series, OS was 77 and 74% after 5 and 10 years, respec-
tively [82]. Tumor recurrence was associated with lymph 
node metastases, macrovascular invasion, and a waiting 
time of >120 days. Data from the UNOS database have 
shown an OS and RFS of 70 and 55% at 5 years, respec-
tively [83]. The most recent data published go in line with 
the previous findings (Table 3). With an OS of 77.2% in 
88 reviewed patients [51], there was even 100% RFS at 5 
and 10 years in a small case series [53]. Under the line, 
the best criteria for patient selection and management 
are still under debate and thus need to be addressed fur-
ther.

Hepatoblastoma
Hepatoblastoma is a malignant pediatric tumor. Most 

recently, 3 small case series have been published with a 
total number of 42 patients all with excellent OS and RFS 
(Table 4) of up to 100% at 7.1 years [57]. A most recent 
published analysis of the US National Cancer Database 
(NCDB) including a total number of 103 children who 
underwent LT for hepatoblastoma with a 5-year OS of 
80% revealed an inferior outcome at older ages at LT and 
has demonstrated the great benefit of neoadjuvant or 
perioperative chemotherapy, while adjuvant chemother-
apy alone has no benefit [58].

Neuroendocrine Liver Metastasis
NELMs are common and currently the only metasta-

ses with indication for LT outside from clinical trials. 
While the selection criteria are controversial, Mazzaferro 
et al. [84] and UNOS [85] defined similar criteria which 
led to an OS of 73% [60]. This means that patients who 
meet the selection criteria can be cured with LT. Patients 
with NELM should therefore be introduced to a highly 
specialized transplant center and be evaluated for LT [86]. 
Most recent publications (Table 6) confirm the common-
ly used selection criteria with a reported 5-year OS of 83 
[63], 71 [62], and 64.9% [61]. Both pancreatic NELM and 
NELM with a Ki67 > 5% [62] and patients ≤45 years of 
age or waiting for LT <6 months have a higher RR [61]. 
Further G1 and a low number or small size (<3 cm) of 
NELM are beneficial for a 5-year survival of 92, 100, and 
100%, respectively [63].
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Colorectal Metastases
Colorectal cancer is one of the most common cancers 

worldwide. Approximately 20–25% of patients with 
colorectal cancer present with simultaneous liver metasta-
ses. Unfortunately, only 30–40% of the patients are the can-
didates for radical liver resection at the time of diagnosis, 
and thus, LT would be a curative option [87]. Initial reports 
on the outcome after LT in these patients showed poor re-
sults [88]. Further, most recent publication of patients who 
underwent LT with a large tumor load has confirmed a di-
sastrous outcome [67] (Table  5). It was not before 2013 
with the published 21 patients included in the SECA-I 
study [66] when LT was recognized as a therapeutic option 
in patients with colorectal liver metastases. OS was 95% at 
1 year and 60% at 5 years [89]. This trial revealed indepen-
dent factors for inferior outcome: tumor diameter of >5.5 
cm, time from primary tumor resection <2 years, carcino-
embryonic antigen levels >80 µg/L, and progressive disease 
after neoadjuvant chemotherapy. In the SECA-II trial, it 
became clear that especially a minimal response to chemo-
therapy of 10% is needed for 100, 83, and 83% after 1, 3, and 
5 years, respectively [90]. The most recently published SE-
CA-II arm D study clearly shows the limits of LT in patients 
with a huge tumor load in the liver, GIII metastases, with 
or without N2-positive lymph nodes at transplantation or 
previously resected lung metastases [67].

Hopefully, the ongoing stricter selecting trials (SECA-
III, RAPID, LIVERT(W)OHEosAL, TRANSMET, COLT, 
TRIPLETE, and SOULMATE) will confirm this treat-
ment concept.
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