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Summary

Endocrine tumors comprise a heterogeneous group of rare neoplasms. Liver

metastatic endocrine tumors (MET) are amenable to various therapeutic
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Introduction

Endocrine tumors comprise a heterogeneous group of
rare neoplasms. Most (90%) occur in the gastrointestinal
tract and pancreas, but the primary tumor site remains
unknown in 15-25% of cases [1-4]. Endocrine tumors
can cause severe illness and lead to life-threatening situa-
tions because of massive hormonal release (up to 50%
functioning tumors) and large tumor bulk. Metastasis is
an extremely unfavorable event associated with a 5-year
survival of 20-30% when compared to 96% in absence of
metastasis [5-7]. Liver metastatic endocrine tumors
(MET) are amenable to a wide range of therapeutic
options including abstention, somatostatin analogs, inter-
feron therapy, systemic chemotherapy, targeted therapies,
transarterial chemo-embolization, peptide receptor radio-
nuclide therapy, radioembolization (Y90), and ablative
therapy.

Metastatic endocrine tumor remain confined to the
liver for a long period during which there is theoretically

modalities including liver transplantation (LT). However, LT for MET remains
controversial because of the lack of clear selection criteria. The purpose of this
study based on thorough perusal of English and French literature since 1989
was to identify prognostic factors and propose recommendations for selecting
patients most likely to benefit LT for primary and secondary endocrine tumors.

a ‘surgical window’. In practice, 80% of MET are bilateral
and multilocular at diagnosis and thus not amenable to
liver surgery [8-10]. Although total hepatectomy and liver
transplantation (LT) have been proposed to achieve
symptomatic relief and long-term survival in patients
with unresectable MET, outcome in terms of survival has
been variable. This inconsistency suggests that a more
selective approach may be needed. The purpose of this
study based on thorough perusal of English and French
literature since 1989 was to identify prognostic factors
and propose recommendations regarding LT for primary
and secondary endocrine tumors.

Liver transplantation for metastatic endocrine
tumors

Literature review: monocentric and multicentric series

All monocentric (Table 1) and multicentric (Table 2) ser-
ies including four or more patients published between
1989 and 2009 were included in this study. Several
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Table 1. Liver transplantation for meta-

Liver transplantation for endocrine tumors

static endocrine tumor in monocentric First author, year of 1-year 5-year Disease-free
series. publication N survival (%) survival (%) survival (%)
Makowka, 1989 [11] 5 60 -
Arnold, 1989 [14] 4 50 -
Routley, 1995 [13] "1 82 57 54 (1 year)
Alessiani, 1995 [12] 14 - 64 (3-year)
Anthuber, 1996 [37] 4 25 0 0
Dousset, 1996 [46] 9 33 11 -
Lang, 1997 [2] 12 81 81 34 (5-year)
Frilling, 1998 [16] 4 50 50 -
Pilchmayr, 1998 [24] 15 - 87 -
Lang, 1999 [23] 10 100 100 1
Pascher, 2000 [47] 4 100 50 -
Coppa, 2001 [21] 9 100 70 53 (5-year)
Ringe, 2001 [48] 5 80 - -
Rosenau, 2002 [25] 19 89 80 21 (5-year)
Olausson, 2002 [17] 9 89 - 44 (3-year)
Fernandez, 2003 [49] 5 80 40 (3-year) 40 (2-year)
Cahlin, 2003 [19] 10 80 - 50 (2-year)
Carcinoids 4 100 (2-year) 75 (2-year)
Noncarcinoids 6 67 (2-year) 33 (2-year)
Florman, 2004 [34] 11 73 36 9 (5-year)
Ahlman, 2004 [20] 12 78 - -
Von Vilsteren, 2006 [28] 19 87 - 77 (1-year)
Frilling, 2006 [15] 15 78 67 48 (5-year)
Mazzaferro, 2007 [22] 24 _ 90 77 (5-year)
Olausson, 2007 [18] 15 71 20 (5-year)
LT 10 90 90 -
MVT 5 40
Marin, 2007 [50] 10 86 57 (3-year) 33 (5-year)
LT, liver transplantation; MVT, multivisceral transplantation.
Table 2. Liver transplantation for metastatic endocrine tumor in multicentric series.
1-year 3-year 5-year 5-year
Prognostic survival survival survival disease-free
Author, year of publication factors N (%) (%) (%) survival (%)
Bechstein & Neuhaus, 1994* [40] 30 52 52 - -
Le Treut et al., 1997 [32] 31 59 47 36 17
Carcinoids 15 80 80 69
Non carcinoids 16 38 15 -
Le Treut et al., 1997* [32] 37 66 46 46 -
Carcinoids 17 34 (2-year)
Non carcinoids 20 83 (2-year)
Lehnert, 1998* [26] 103 68 53 47 24
0 factor** 36 90 77 65
1 factor 38 57 47 32
2 factors 11 12 0 0
Le Treut et al., 2008 [27] 85 72 59 47 20
0 factor*** 20 85 85 76
1 factor 35 86 76 66
2 factors 23 57 26 12

*Results from literature compilation.

**Prognostic factors (85 documented cases): extended operation and age >50 years.

***Prognostic factors (78 cases, UAE excluded): primary tumor site in duodenum or pancreas, and hepatomegaly.
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Liver transplantation for endocrine tumors

institutional reports, such as Pittsburgh reports [11,12],
London reports [13,14], Essen reports [15,16], Goteborg
reports [17-20], Milan reports [21,22], and Hannover
reports [2,23-25], contained overlapping data but were
included to highlight the improvement of outcomes dur-
ing the past 20 years.

Prognostic factors and survival

Extrahepatic disease

According to all authors, extrahepatic disease found in
almost 50% of MET patients at the time of diagnosis is a
contraindication for LT as systemic and peritoneal
involvement prevents complete tumor resection [1]. Anal-
ysis of 103 cases of LT for MET reported in the literature
confirmed that 40% of the patients presented extrahepatic
disease at time of operation and consequently showed
poor survival [26]. In a previous study, our group also
reported significantly poorer 5-year survival after LT in
which resection was classified as R1-R2 than as RO (9%
vs. 53%) [27]. Mazzaferro et al. [22] stated that primary
tumor resection must be performed by an experienced
team with precise curative intent including loco-regional
and distant lymph node dissection (R0). Based on this
experience, RO resection of the primary tumor should be
considered as mandatory for long-term survival after LT.

Careful staging to detect extrahepatic disease is an
important part of pre-LT assessment. Various work-up
procedures have been proposed to detect extrahepatic
lesions. Frilling et al. used [*®gallium]-DOTATOC-PET
and somatostatin receptor scintigraphy (SRS) in combina-
tion with standard imaging modalities (MRI, CTscan).
Results showed that SRS and DOTATOC-PET detected
extrahepatic metastases that were not diagnosed by usual
imaging procedures in 10 of 28 (35%) patients [15]. For
detection of peritoneal involvement before LT, the Mayo
Clinic group systematically performed staging laparotomy
to identify peritoneal deposits [28]. Frilling et al. [15] also
recommended staging laparotomy as a component of
pretransplant work-up in case of suspicious extrahepatic
CT findings.

Bone is a preferential location for extrahepatic involve-
ment even in patients with well-differentiated MET. In a
prospective series of 79 patients Leboulleux ef al. reported
bone metastasis in 46% [29]. In that study, multivariate
analysis showed that the presence and extent of liver
involvement and bronchial-thymic primaries were inde-
pendently correlated with a higher risk of bone metasta-
ses. Bone metastasis was found in more than 50% of
patients presenting duodenopancreatic and ileal primaries,
in association with liver involvement exceeding 25%.
Regarding bone staging, the authors recommended SRS
and spine MRI as these techniques allow detection of
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more than 90% of metastatic bone lesions [29]. Recent
advancements have further improved diagnosis of extra-
hepatic involvement. Putzer et al. reported 97% sensitivity
and 92% specificity in bone metastasis detection using
[68gallium]-DOTATOC-PET that achieves better detection
of distant metastases than CT-scan or conventional bone
scintigraphy [30].

Upper abdominal exenteration, multivisceral transplanta-
tion, and other extended procedures

Upper abdominal exenteration (UAE) and multivisceral
transplantation (MVT) have been proposed for upper
abdominal malignancy since 1990. Twenty years ago,
Starzl et al. reported a 10-patient series describing UAE
and MVT including two MET [31]. An update published
in 1995 including 14 MET showed better 3-year survival
for endocrine tumors (63%) than sarcoma (44%), hepa-
tocellular carcinoma (25%), cholangiocarcinoma (20%),
and other adenocarcinomas (20%) [12]. Despite a
3-month mortality of 18%, the authors stated that ‘the
greatest benefit was in patients with endocrine tumors’
[12]. In a more recent 15-patient series using both LT
and MVT, the Goteborg group provided evidence that
MVT could be a viable option for MET [18]. In the five
patients who underwent MVT, two died from transplan-
tation-related causes within 4 months, one died from
recurrence after 27 months, one was tumor-free after
12 months and one was alive with recurrent disease at
4 years [18]. Multivariate analysis of the 103 cases com-
piled from the literature, showed that extended proce-
dures, e.g., LT with UAE or duodenopancreatectomy, led
to poor outcomes with a fivefold higher mortality risk
[26]. Two other reports also demonstrated that UAE was
an unfavorable prognostic factor associated with a 3.27-
fold increase in mortality risk in both univariate and mul-
tivariate analysis [27,32]. Based on these findings, it can
be recommended that UAE and MVT be performed only
by experienced teams in carefully selected patients. In as
far as possible, a two-step approach should be used with
resection of the pancreatic primary tumor prior to LT
[22].

Tumor biology and histology

Several aspects of tumor biology and histology have been
correlated with the outcome of LT for MET. In 2002, the
Hannover group reported that analysis of the nuclear
protein Ki67 (involved in cell proliferation) and glycopro-
tein E-cadherin (involved in cell-cell adhesion) could be
used to identify patients with favorable prognosis [25].
Patients with tumors in which immunostaining showed
Ki67 expression greater than 10% were at higher risk for
recurrence and poor survival. Identical results were
reported in a 14-case series showing that patients with an
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MIB-1, an anti-Ki67 antibody, index less than 5% exhib-
ited longer disease-free and overall survival rates (median,
69 and 80 months respectively) than patients with an
MIB-1 index greater than 5% (median, 11 and 13 months
respectively) [33]. In a multicentric series of 85 patients,
univariate analysis showed that the 5-year survival rate
was lower for poorly differentiated tumors (n = 11) than
for well-differentiated tumors (n = 74): 27% vs. 50%
(P =0.004) [27]. As a result of the small sample size of
the poorly differentiated tumors group, histologic differ-
entiation was no longer a predictor of the outcome of LT
for MET in multivariate analysis. However, it must be
underlined that many authors have reported poor out-
come after LT for poorly differentiated MET [11,34].
Based on these observations, patients with well-differenti-
ated MET exhibiting Ki67 level below 10% appear the
most likely to benefit from LT.

With regard to differentiation, it is interesting to com-
pare the main endocrine tumor classifications, i.e., the
World Health Organization (WHO) and tumor node
metastasis (TNM) classifications. The most recently
updated WHO classification stratifies endocrine tumors
according to location, histological features, and hormone
production [35]. However, the WHO classification still
does not distinguish well-differentiated tumors from
tumors with other unfavorable prognostic signs such as
high proliferation index or necrosis. The latest TNM clas-
sification proposes a three-group grading system that
takes into account mitosis number and proliferation
index (Ki67) [36]. Well-differentiated endocrine tumors
are divided into two groups, i.e., G1 for well-differenti-
ated endocrine tumors with low-proliferation rates and
G2 for aggressive well-differentiated endocrine tumors.
The third group (G3) corresponds to poorly differentiated
endocrine tumors (Table 3).

Primary tumor site

The prognostic implications of primary tumor site remain
unclear. Many authors have identified primary tumor
location in the pancreas as an unfavorable factor
[19,27,32,37]. In Lehnert’s review series, pancreatic pri-
mary tumor was also an unfavorable factor in univariate
analysis (almost significant, P = 0.07), but not in multi-
variate analysis [26]. In a retrospective series including 31
cases, pancreatic primary tumor was a risk factor with a

Table 3. Tumor node metastasis classification, grading system [36].

Grade Mitotic Index (10 High Power Fields) Ki-67(%)
Grade 1 <2 <2
Grade 2 2-20 2-20
Grade 3 >20 >20

© 2010 The Authors
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Figure 1 Actuarial survival of patients with carcinoid and noncarci-
noid metastatic tumors in a 31-case multicentric series. Adapted from
Le Treut et al. [32].

survival rate of only 8% at 4 years versus 69% at 5 years
for carcinoid tumors in the digestive tract or bronchial
tree (Fig. 1) [32]. This could be explained in part by
higher postoperative mortality as a result of extended
procedures associated with LT in patients with pancreatic
primary tumors. These results were confirmed by a large
retrospective series in which pancreatic location of the
primary tumor was a factor of poor prognosis in both
univariate (Fig. 2) and multivariate analysis [27]. In glar-

100+
Digestive and bronchial

n=31

0.754
Undected before

LTn=14

0.50 4
Dudenum & pancreas
0.254 n = 40
P <0.0008
0.00 T T T T 1
0 12 24 36 48 60

Figure 2 Actuarial survival of patients according to primary site loca-
tion in a 85-case multicentric series. Adapted from Le Treut et al.
[27].
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ing contradiction with these findings, a 37-case series
compiled from the literature showed a significantly higher
2-year survival rate for pancreatic MET than for carci-
noids: 83% vs. 34% and a 10-case monocentric series of
LT for pancreatic MET showed a spectacular 100% 5-year
survival [32].

Several recommendations have been made regarding
the use of LT for MET associated with primary tumors
located in the bronchial tree. Based on their prospective
study, the Milan group stated that LT should only be
used for patients presenting endocrine carcinomas with
portal drainage in which case the liver is the ‘first station’
colonized during hematogenous spread of malignant cells
from the primary site [22]. Application of this recom-
mendation rules out LT for bronchial (and rectal) MET.
In one multicentric series including 85 patients, endocrine
tumors of the bronchial tree or digestive tract were
grouped together because they share the same embryolog-
ical origin, i.e., the foregut, and often have similar symp-
toms, i.e., carcinoid syndrome [27]. Univariate analysis
indicated that neither of these two primary locations was
correlated with poor prognosis (Fig. 1). The authors con-
cluded that primary location in the bronchial tree was
not a contraindication for LT but these patients should
benefit from exhaustive preoperative work-up to rule out
bone metastasis [27,29].

Liver involvement

Extent of liver involvement has also been described as a
prognostic factor. In a 60-patient MET series, Touzios et
al. reported that involvement of more versus less than
50% of the liver was a major predictor of 5-year survival:
8% vs. 67% respectively [38]. The authors concluded that
LT could be wuseful in patients with extensive liver
involvement whereas hepatic resection would likely lead
to poor results. As mentioned above, extensive liver
involvement was an independent predictor associated
with higher risk of bone metastases even in well-differen-
tiated MET [29]. Various authors have confirmed the
correlation between extent of liver involvement and sur-
vival. Lang et al. reported that all disease-free survivors
had less than 40 to 50% of tumor liver involvement [2].
The Milan group arbitrarily set less than 50% metastatic
liver involvement as a selection criterion for LT and
obtained excellent disease-free survival [22].

Precise evaluation of the extent of hepatic involvement
on CT-scan can be difficult in patients presenting poorly
visible lesions scattered throughout the liver. To over-
come this problem, a possible alternative involves preop-
erative screening for hepatomegaly based on estimation of
liver volume from CT-scans. In a previous report, Le
Treut et al. identified hepatomegaly, defined as explanted
liver volume more than 20% greater than standard liver
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volume calculated using the formula proposed by Heine-
mann et al., as an independent predictor of poor progno-
sis [27,39]. Results also showed that hepatomegaly was a
more relevant prognostic factor than percentage of liver
involvement regardless of the cutoff used for stratification
[27].

Regarding liver involvement, it must be underlined that
bulk alone should not considered as an absolute contrain-
dication for LT. Large tumor size can itself seriously
impair quality of life and lead to life-threatening situa-
tions. Several long-term survivors of LT for MET
reported in the literature have been patients with massive
tumors [15,17,25]. Bechstein and Neuhaus reported a case
of LT involving a woman with disabling hepatomegaly
[40]. The patient’s preoperative weight was 48 kg and the
explanted liver weighed 17.4 kg. One year later, metastatic
nodules were detected in the transplanted liver and the
patient finally succumbed 3.5 years after LT. Although
survival was less than 5 years, this outcome seems accept-
able considering the severity of symptoms.

Selection criteria and prognostic scoring system

Three main series, i.e., two large retrospective series and
one prospective series, have proposed criteria to select
patients to undergo LT for MET [22,26,27]. As a prelude
to presenting these series, however, it is important to rec-
ognize that as organs are in short supply, careful patient
selection is necessary to ensure best benefit from this
demanding procedure. Benefit of LT must be defined not
only in terms of cancer-related factors but also of quality
of life and symptom relief. However, it must also be
emphasized that MET patients get no Model for End-
stage Liver Disease points and thus timely procurement
of a suitable liver from a deceased donor is problematic.
This results in long waiting times with high risk for dis-
ease progression. In this context, the possibility of living
donor LT becomes a crucial decision-making factor [41].
In 1998, Lehnert reported a metaanalysis of 103 cases
involving LT for MET [26]. Only patients with complete
data sets (n = 85) were included in multivariate analysis
which identified two risk factors for poor survival:
extended procedures, i.e., LT associated with UAE or
duodenopancreatectomy [hazard ratio (HR) = 4.8] and
age over 50 years (HR = 2.1). The 5-year survival rate
was 65% in patients without either of the factors, 32% in
patients with one or the other factor, and 0% in patients
with both factors. Only one patient with both risk factors
was alive 10 months after LT (Table 2). The author con-
cluded that LT for MET could be effective in young
patients if not be associated with extended operations.
This study is subject to two major biases, i.e., analysis of
cases compiled from the literature and heterogeneous fol-
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low-up data. It is also interesting to note that subsequent
reports have failed to confirm the age-related risk.

In 2007, the Milan group reported a prospective 24-
case series of LT for MT using stringent patient selection
criteria, i.e., well-differentiated endocrine carcinoma, pri-
mary tumor drained by the portal venous system, primary
tumor resection before LT, extent of liver involvement
less than 50%, stable disease for 6 months prior to trans-
plant, and age under 55 years [22]. Only 10% of patients
presented symptoms. The authors achieved remarkable 5-
year survival rates, i.e., 90% overall and 77% disease-free.
The authors drew two conclusions. The first was that fur-
ther multi-institutional study was necessary to validate
the proposed model before LT for MET could be consid-
ered as outside clinical trials. The second conclusion was
LT for MET should not be considered as a rescue treat-
ment for patients with no other alternatives but as a pos-
sibility for a prospective, valuable set of individuals
requiring innovative approaches.

In 2008, Le Treut et al. reported a multicentric study
compiled in France in which overall 5-year survival was
47% but disease-free 5-year survival was only 20% [27].
Multivariate analysis identified three risk factors for poor
outcome, i.e., UAE, pancreatic primary tumor, and hepa-
tomegaly as defined above. When patients who underwent
UAE were excluded from calculation, pancreatic location
and hepatomegaly remained as risk factors associated with
a threefold increase in mortality. Based on this finding, a
prognostic score was devised by assigning one point to
each factor so that patients with both pancreatic primary
tumor and hepatomegaly had two points, patients with
one or the other factor had one point, and patients with

1.00-
0 factor n= 20
0.75
1 factor n= 35
050 4
-7
P<10
0.25
2 factors n =
0.00 T T T T 1
0 12 24 36 48 60

Figure 3 Actuarial survival of patients according to prognostic factors
(pancreatic primary and hepatomegaly) in a 78-case multicentric ser-
ies. Adapted from Le Treut et al. [27].
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neither factor had 0 points. The corresponding 5-year
survival rates were 76%, 66%, and 12% (Fig. 3). The
authors concluded that patients presenting pancreatic
endocrine tumors and hepatomegaly were unlikely to
benefit from LT.

Survival rates reported by Le Treut et al. were disap-
pointing in comparison with those reported by the Milan
group. To assess the role of patient selection, a virtual
study was performed to determine what outcome would
have been obtained if the more stringent Milan criteria
had been applied to the 85 patients in the French study.
A total 24 patients (28%) would have met the Milan cri-
teria and 61 (72%) would have been excluded. The 5-year
survival rate would have been 66% in the selected group
and 38% in the unselected group. However, after exclu-
sion of patients who underwent UAE, the difference
between the two groups would no longer have been sig-
nificant. This finding suggests that further study will be
needed to confirm the real efficacy of stringent patient
selection criteria.

Primary hepatic endocrine carcinoma and metasta-
ses of unknown primary

Although the liver is a common site for endocrine
metastases, primary hepatic endocrine carcinoma
(PHEC) is rare. Classically PHEC are large, solitary, cen-
trally located, nonfunctioning tumors [42]. However, the
presence of all these features does not rule out the pos-
sibility of metastasis from an unknown primary tumor.
Careful preoperative work-up including SRS and other
nuclear studies, CT scan, gastrointestinal endoscopy and
even staging laparotomy is mandatory to differentiate
primary and secondary endocrine tumors. Histology
alone is not effective.

More than 100 patients presenting PHEC have been
described in the literature and most have been single case
reports [43]. The first case treated by LT was reported in
1989 involving a 35-year-old woman with a symptomatic
unresectable lesion [14]. This patient remained disease-
free 38 months after LT. In an 8-case series of PHEC,
Fenwick et al. reported two patients managed by LT. Dis-
ease-free survival was achieved in both cases for 45 and
95 months [42]. On the basis of their experience, the
authors recommended LT as a suitable alternative in case
of failure or ineligibility for hepatic resection.

In many patients presenting MET, the location of the
primary tumor cannot be determined. This was the case
for 14 patients (16%) who underwent LT in the multicen-
tric French series including four patients in whom the
primary tumor was subsequently found in the small
bowel (n = 3) or the pancreatic head (n = 1). Unidenti-
fied primary tumors had better survival than primary
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pancreatic endocrine carcinomas (Fig. 2) [27]. Based on
these findings, it appears that unknown primary location
is not an absolute contraindication for LT.

Conclusion

The use of LT for MET is controversial. As organs are in
short supply, it is important to select patients who are
most likely to benefit from this demanding procedure.

Beyond the consensual criteria, i.e., unresectable liver
metastasis, no extrahepatic disease and well-differentiated
tumors (Ki67 < 10%), it has been shown that the use of
stringent criteria to select patients for LT could achieve
spectacular overall and disease-free survival rates. In addi-
tion to requiring further study to determine the repro-
ducibility of these results, this attitude is subject to two
criticisms. The first is that most oncologists recommend a
‘wait-and-see’ policy for asymptomatic patients with lim-
ited liver involvement and stable disease [44]. The second
is that it probably excludes many patients that might ben-
efit greatly from symptom relief. Nevertheless, use of
some kind of stringent criteria can be useful to determine
the exact benefit of LT in relation to disease extent in
case of MET.

Benefit cannot be defined based simply on cancer-
related factors. Selection must also take into account the
quality of life that LT can provide. In this respect LT
could be considered as a valid option for symptomatic
patients who have exhausted other treatment options.
Opverall survival in this case should exceed 50% at 5 years
[45]. Our perusal of the literature indicates that is neces-
sary to avoid association of several risk factors in order to
enhance survival after LT for MET. We advise against use
of LT in patients with pancreatic primary tumor and
hepatomegaly or extensive liver involvement. Our findings
also indicate that major resection in addition to LT and
MVT should only be performed by highly experienced
teams.
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