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Background: Malignant and benign neuroendocrine tumors (NET) share many histopathological features. Liver transplan-
tation (LT) is one of the liver-directed therapies for neuroendocrine liver metastases (NELM). The aim of this
study was to determine the outcomes of patients undergoing LT for NELM.

Material/Methods: This was a retrospective study that included 19 patients who underwent LT for unresectable NELM between
December 1989 and December 2022 in the Department of General, Transplant, and Liver Surgery of the Medical
University of Warsaw. Kaplan-Meier estimator and Cox proportional hazards regression were used for statisti-
cal analyses.
Results: The primary tumor was located most frequently in the pancreas. The median follow-up was 72.5 months. The
overall survival (OS) was 94.7%, 88.0%, 88.0%, 70.4%, and 49.3% after 1, 3, 5, 10, and 15 years, respectively.
Accordingly, the recurrence-free survival (RFS) rates were 93.8%, 72.9%, 64.8%, 27.8%, and 27.8% after 1, 3, 5,
10, and 15 years, respectively. Ki-67 index >5% was found as a risk factor for both worse OS (hazard ratio (HR)
7.13, 95% confidence intervals (95% Cl) 1.32-38.63, P=0.023) and RFS (HR 13.68, 95% Cl 1.54-121.52, P=0.019).
Recipient age >55 years was a risk factor for worse RFS (P=0.046, HR 5.47, 95% CI 1.03-29.08). Multivariable anal-
ysis revealed Ki-67 >5% as the sole independent factor for worse OS (HR 13.78, 95% Cl 1.48-128.56, P=0.021).

Conclusions: Patients with unresectable NELM achieve great OS and satisfying RFS after LT. The risk factors associated with

worse outcomes are attributed to primary tumor aggressiveness.
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Background

Neuroendocrine tumors (NET) are a heterogeneous group of
tumors with an incidence of more than 5 per 100000 peo-
ple [1]. The neoplasms derive from neuroendocrine cells pres-
ent in the bronchopulmonary complex, gastrointestinal tract,
and pancreas [2]. There is a huge variety of clinical presenta-
tions within the group. The histological appearance of NET is
not strictly associated with metastatic potential. Disease pro-
gression is often asymptomatic for nonfunctioning tumors and
manifest with metastases. Functioning NET produce hormones
resulting in endocrinopathies, which worsen quality of life and
may be life-threatening. The burden of both functioning and
nonfunctioning NET relies on the combined size of tumors.
Lesions can metastasize to different organs, including the liv-
er, bones, and lungs. In the vast majority of cases, NET are de-
tected in the metastatic phase (40-80%), of which neuroendo-
crine metastases to the liver (NELM) are the most common [3].

The goal of treatment is to prolong overall and symptom-
free survival. Treatment of NELM relies on cytoreduction,
achieved with liver-directed therapy and pharmacological
treatment. Pharmacological treatments include somatosta-
tin analogs (SSAs), everolimus, sunitinib, and peptide recep-
tor radionuclide therapy (PRRT) [4]. Invasive methods such
as transarterial chemoembolization (TACE), transarterial ra-
dioembolization (TARE), radiofrequency ablation (RFA), cryo-
ablation, brachytherapy, and hepatic artery embolization are
commonly applied [5-8]. However, the 5-year overall survival
(OS) reported for these treatment modalities vary from 17%
to 57% for selected patients [9-11]. In a study by Roche et al,
the 5-year OS for patients with NELM after TACE was report-
ed to be 83% [12]. The median RFS for NELM can also vary
from 11 to 15 months [6,13]. Currently, liver resection (LR) al-
lows the best treatment results in patients with resectable
disease [14]. However, due to tumor biology and insufficient
preoperative imaging techniques, complete cytoreduction is
difficult to obtain, especially with bilobar liver metastases. A
multicenter study by Eshmuminov et al found the 5-year OS
of patients treated with LR was 68.8%, with a 5-year RFS of
18.1% [15]. Liver transplantation (LT) is generally regarded
as the best method for complete tumor clearance. However,
strict selection of patients is needed to outweigh risks by po-
tential benefits [15]. The number of donors is insufficient;

Table 1. Eligibility criteria for LT in patients with NELM.
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therefore, appropriate organ allocation is necessary [16,17].
The Milan Criteria, United Network for Organ Sharing guide-
lines, or European Neuroendocrine Tumor Society criteria can
be used to assess patient eligibility for LT [18].

Direct comparison of the various treatment modalities is dif-
ficult. Patients undergoing LT for NELM usually have already
benefited from other treatment modalities prior to transplanta-
tion. Nevertheless, factors for selection of an appropriate ther-
apy are unclear [19]. That is especially meaningful in light of
newly reported research stating that selected patients under-
going LT can achieve better outcomes than parallel patients
undergoing LR [15].

Among risk factors, the Ki-67 index is reported to be the most
important for patient stratification. However, an exact value has
yet to be determined, as it varies among studies [15,20-22]. The
aim of the present study was to assess long-term outcomes af-
ter LT in patients with NELM and to define prognostic factors.

Material and Methods

This was a retrospective observational study. There were 2680
LTs performed in the Department of General, Transplant, and
Liver Surgery of the Medical University of Warsaw between
December 1989 and December 2022. According to the internal
register of the department, 19 (0.7%) of them were identified
as primary transplantations for NELM. The eligibility criteria
in our center require grade 1 (G1) or grade 2 (G2) in the 2019
World Health Organization (WHO) NEN Classification, stable
disease for 6-12 months, and no sign of extrahepatic disease
at the time of LT, but patients who had previously removed
metastases are accepted. Contrary to the practice of some cen-
ters, we do not require portal drainage of the primary lesion,
and older patient age is not a contraindication nor are liver in-
volvement or Ki-67 value, as long as it does not exceed 20%,
which is defined as G1 or G2. During patient selection for LT,
results based on primary lesion or biopsy of liver metastases
were used to assess the Ki-67 value. However, further evalu-
ations of post-transplantation outcomes were based on path-
ological examination of the explanted liver as the most reli-
able and suitable for description of neoplasm aggressiveness.
The criteria are summarized in Table 1 [15]. The lesions were
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defined as unresectable during multidisciplinary team (MDT)
meetings by the experienced hepatobiliary surgeons and radi-
ologists, based on computed tomography (CT), magnetic res-
onance imaging (MRI), or intraoperative finding of liver dis-
semination. During analysis, associations with outcomes were
tested for numerous factors listed in Table 2. Liver involvement
was defined as the volume revealed in imaging technique le-
sions relative to the total volume of the liver. Volumetry was
based on either CT or MRI scans. E-cadherin expression was
characterized by the previously described histoscore, deter-
mined by the pathologist by multiplying the intensity of stain-
ing (negative — 0; weak - 1; moderate - 2; strong - 3) and per-
centage of cells with positive staining (0-5% — 0; 6-25% — 1;
26-50% — 2; 51-75% — 3; 76-100% — 4) [20,23]. Scores of 8 or
higher were accepted as intact E-cadherin expression, while
lower values signified a loss of expression (Figure 1).

In most cases, the classic technique of cavo-caval anastomo-
sis was applied, with end-to-end biliary anastomosis. Prior to

Table 2. Factors and analyses results.

LT, most patients had undergone numerous types of system-
ic treatment and liver resections, along with other modalities
(Table 3). Data on disease recurrence were censored on the
last follow-up visit or control imaging examination. OS was
set as the primary outcome and RFS as the secondary out-
come. Kaplan-Meier method was used for survival estimate
calculations. The Cox proportional hazards ratio was applied
for risk factor analysis. Univariable analyses were performed.
Subsequently, a model for multivariable analysis was built with
backward elimination out of factors, which obtained P values
less than 0.150 in the univariable model. Backward elimina-
tion was stopped when none of the variables met the P>0.1
criteria. The level of significance was defined as a P value less
than 0.05. All computations were carried out using STATISTICA
version 13.3 (StatSoft Inc., Tulsa, OK, United States). The study
protocol was approved by the local ethics committee of the
Medical University of Warsaw (AKBE/227/2022).
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Table 2 continued. Factors and analyses results.

Univariable Multivariable
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Figure 1. (A) Neuroendocrine liver metastases, hematoxylin and eosin staining, showing a well-differentiated tumor on the left side.
(B) Neuroendocrine liver metastases, E-cadherin staining, showing loss of E-cadherin expression in tumor cells on the right
side. Created using NDP.view2 (U12388-01), version 2.9.29, Hamamatsu Photonics.
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Table 3. Characteristics of the study group.
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missing data (%) or number or%
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Number of Median Range
missing data (%) or number or%

1 (5.26%) 4 2-4
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o 1 o0
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BMI — body mass index; LT — liver transplantation; LR — liver resection; RFA — radiofrequency ablation; TACE — transarterial
chemoembolization; PRBC — packed red blood cells; MELD — model for end-stage liver disease.
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Figure 2. (A) Overall survival of liver transplantation for neuroendocrine liver metastases. (B) Recurrence-free survival of liver
transplantation for neuroendocrine liver metastases. Created using STATISTICA, version 13.3, StatSoft, Inc., Tulsa, OK, United

States.

Results

Characteristics of the 19 recipients are presented in Table 3.
There were 11 (57.9%) females and 8 (42.1%) males. The prima-
ry tumor was located most frequently in the pancreas (42.1%),
followed by the small bowel (31.6%). The median follow-up
was 72.5 months (0.3-235.1 months). There were 3 (17.6%)
patients beyond the Milan Criteria. During the observation pe-
riod, there were 3 (15.8%) re-transplantations: the first direct-
ly after primary LT due to primary nonfunction, the second at
over 2 months after primary transplantation because of he-
patic artery thrombosis, and the third after 3 years for de novo
hepatitis C virus infection and liver failure.

Because the metastatic tumors in the liver were described as
“numerous” or “multiple” in some of the pathological reports,
the data on tumors were difficult to analyze. Nevertheless, the
information on number of disseminated and countable tumors,

This work is licensed under Creative Common Attribution-
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their maximal and minimal length, and number for countable
tumors are presented in Table 3.

The OS was 94.7%, 88.0%, 88.0%, 70.4%, and 49.3% after 1, 3,
5, 10, and 15 years, respectively, and the RFS was 93.8%, 72.9%,
64.8%, 27.8%, and 27.8% after 1, 3, 5, 10, and 15 years (Figure 2).

Univariable analysis revealed that Ki-67 >5% was a risk fac-
tor for worse OS — hazard ratio (HR) 7.13 and 95% confidence
intervals (95% Cl) 1.32-38.63, P=0.023. Ki-67 >5% (HR 13.68,
95% Cl 1.54-121.52, P=0.019) and recipient age >55 years (HR
5.47, 95% Cl 1.03-29.08, P=0.046) were found to be risk fac-
tors for RFS. The survival of patients who had one or both risk
factors concerning RFS, compared to patients with none of
them, was significantly worse (HR 9.74, 95% Cl 1.09-98-7.02,
P=0.042) (Figure 3). Notably, liver involvement as a continu-
ous variable was not significantly associated with OS (P=0.444)
or RFS (P=0.132).
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Figure 3. (A) Overall survival of liver transplantation for neuroendocrine liver metastases. (B) Recurrence-free survival of liver
transplantation for neuroendocrine liver metastases. (C) Recurrence-free survival of liver transplantation for neuroendocrine
liver metastases. (D) Recurrence-free survival of liver transplantation for neuroendocrine liver metastases. Created using
STATISTICA, version 13.3, StatSoft, Inc., Tulsa, Oklahoma, United States.

Backward elimination left 2 variables (Table 2) in multivari-
able analysis, which revealed Ki-67 >5% was an independent
factor for worse OS (HR 13.78, 95% Cl 1.48-128.56, P=0.021).

Discussion

Similar to the outcomes of a multicenter study of NELM
Eshmuminov et al, the patients in our study were young, with
a median age of 47, but most patients had the primary lesions
located in the pancreas as opposed to the small bowel [15].

The results presented in the present study are comparable to
those reported by other centers. According to the literature,
the 5-year OS varies from 33% to 97.2%, and the 5-year RFS
ranges from 11% to 86.9% [21,24-29], but results and eligibili-
ty criteria differ significantly among centers [30]. The best out-
comes are achieved in the Milan center, where the most com-
monly applied criteria come from [28]. In our group, there were
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3 patients beyond the Milan Criteria: one of them was over 60
years old, another had liver involved by neoplasm in over 50%,
and the last one exceeded both of these criteria, but the exclu-
sion of those patients did not change our outcomes significantly.

Searching for risk factors, we set the Ki-67 cut-off points as 3%,
5%, and 10%. The strongest effect, defined as the highest HR
and the lowest P value, was achieved for 5% both for OS and
RFS. That value does not overlap with the current, 2019 WHO
NEN Classification, in which a Ki-67 value of 3% is the cut-off
for differentiation of G1 and G2 tumors [31]. Still, a Ki-67 cut-
off value of 5% was considered in previous data series [15,32].

Older recipient’s age was found to be a risk factor for worse
RFS, but is not usually a contraindication for LT [33]. Some stud-
ies show it as a predictor of survival following LT for NELM, but
there is no consensus on the precise age [22,34,35]. The most
commonly accepted is 60 years, which is included in the wide-
ly applied Milan Criteria [28]. Because only 2 patients in our
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study were over 60 years old, we decided to use age 55 years
as a cut-off point, similar to the cut-off point previously used
in the literature [36]. Age >55 years was found to be associat-
ed with significantly worse RFS, but not with OS. Importantly,
age >50 was not significantly associated with worse outcomes,
contrary a previous study [34].

In broader context, age is not unequivocally associated with
risk of neoplastic disease recurrence. In some types of tu-
mors, younger patients are more susceptible to disease re-
lapse, as neoplasms in that group are often more aggressive
[37,38]. Previous studies found no association between age
and disease recurrence after primary lesion resection in NEN
[39-41], but recipient age under 60-65 is one of eligibility cri-
teria for LT in some centers because it raises concerns about
achievable outcome [15]. However, NEN are very rare tumors
and these patients tend to have very good long-term surviv-
al, so it should be considered a chronic disease. Additionally,
tumors cells are evolving, getting more aggressive over time
[42]. For instance, in our group, one patient had LT for G2 tu-
mor, and on disease relapse was diagnosed with a G3 lesion.
The disease in older patients typically takes more time to de-
velop, which may result in worse RFS.

Patients who met both risk factors for RFS had significantly
worse outcomes. However, the HR for such division is lower
than for Ki-67 separately, which is a much stronger predictor
of survival than age. Therefore, Ki-67 should be treated as a
key factor in LT eligibility criteria. Even older patients can ben-
efit from LT as long as the Ki-67 index stays low, as reflected
in the Milan Criteria, in which age over 60 is only a relative
contraindication for LT for NELM [28].

Some of the tested factors, contrary to our expectations, turned
out to be insignificant. The mitotic count is one of the funda-
mental factors included in the 2019 WHO NEN classification,
but some authors report it has no advantage over use of Ki-
67 alone [43]. However, the most astonishing example is the
insignificance of liver involvement, which is included in the
Milan Criteria [28]. In our study, patients had a wide range of
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liver involvement, from 1% to 60%, but it did not have a sig-
nificant impact on outcomes.

Because this was a retrospective study, we were unable to re-
trieve all the data for some patients (missing data are reported
in Table 3). Given that only 19 patients were included in this
study, the insignificance of tested factors should be treated
cautiously. Another limitation is difficulty in uniform assess-
ment and classification of neoplasms. According to the liter-
ature, this problem especially affects borderline tumors with
Ki-67 values of 2-5% in the commonly used eyeball estima-
tion technique (EE). As a result, true G1 tumors, defined as
Ki-67 <3% obtained in digital image analysis (DIA), achieve in
EE an average Ki-67 of 4.5+2.0% [44]. Also, there are sugges-
tions that only cells above some intensity of staining should
be included in the assessment. That assumption considers
Ki-67 protein functions in cells and can change the classifi-
cation of borderline tumors [45]. Another aspect of Ki-67 as-
sessment is its huge heterogeneity, not only between primary
tumors and metastases, but also between simultaneous met-
astatic lesions and inside a particular lesion [46-48]. The con-
clusions of previous studies emphasize the complexity of the
issue and the problems affecting all research on NET, which
may lead to differences in clinical outcomes.

Conclusions

In conclusion, patients with NELM tend to have very good out-
comes after LT. The factor associated with worse outcomes is
tumor aggressiveness. Ki-67 appears to be a valuable indicator
of tumor biology and thus of clinical outcome. Nevertheless,
measurement is difficult to objectify, which may lead to dis-
crepancies in clinical outcomes.
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