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Abstract
Surgical approaches that allow the safe treatment of multiple, bilateral, large tumours, and that combine extirpative, ablative 

and interventional therapies, have expanded the population of patients with neuroendocrine tumors (NET) liver metastases 
(LMs) who can benefit from aggressive treatment of their liver disease. Pre-treatment staging often includes the biochemical 
assessment of serologic markers such as serotonin, insulin, vasoactive intestinal peptide, and chromogranin, even in patients 
without clinically apparent hormonal excess. Radiofrequency ablation (RFA) is a technique that involves the use of thermal 
energy to induce coagulation necrosis, thereby destroying tumour cells. Resection plus RFA is increasingly used in patients with 
bilateral NET LMs. Resection is performed for large or dominant lesions, while ablation is used to treat small lesions. Hepatic 
arterial embolization, typically termed transarterial embolization, and transarterial chemoembolization have been shown to 
induce a reduction in tumour size and to ameliorate symptoms of excess hormonal secretion.

Introduction
Surgical management for gastroenteropancreatic 

neuroendocrine tumours (GEP-NETs) metastatic to the 
liver has evolved in parallel with advances in surgical 
therapy for liver tumours, advances in nonsurgical ther-
apies for neuroendocrine tumours (NETs), and a better 
understanding of the variable biology of NETs. Surgical 
approaches that allow the safe treatment of multiple, 
bilateral, large tumours, and that combine extirpative, 
ablative and interventional therapies, have expanded 
the population of patients with NET liver metastases 
(LMs) who can benefit from aggressive treatment of 
their liver disease. Recognition that the safety of ex-
tensive resection is related to the future liver remnant 
(FLR), or liver that will remain after resection, has led 
to a shift in focus from what is resected to what re-
mains after resection. Methods such as preoperative 
portal vein embolization (PVE), designed to increase 
the volume and function of the FLR before surgery, help 
to minimize the risk of liver insufficiency and failure, 
and shift the landscape of major resection from high 
risk to a much safer alternative for patients with a more 
extensive liver metastatic burden. Methods which help 

to ensure efficient recovery and long survival after 
hepatectomy for metastasis are mandatory for patients 
who may have very prolonged survival following opti-
mal treatment. Integrated medical, interventional and 
surgical therapies are needed due to the unfortunate 
reality that the majority of patients with NET LMs have 
unresectable disease. Several factors converge to focus 
interest in surgical therapy for NET LMs. First, up to 90% 
of patients with NETs will develop LMs, and up to 40% 
of patients with NETs are found to have LMs at the time 
of diagnosis [1]. Moreover, LMs are thought to deter-
mine patient survival in patients with NETs [2]. Specif-
ically, the 5-year overall survival rate for patients with 
midgut NETs (carcinoids) without LMs ranges from 75% 
to 99%, whereas the 5-year survival rate among NET 
patients with LMs is only 0–40% [3, 4]. A similar trend is 
seen for patients with foregut NETs such as gastrinoma, 
with a reported 10-year overall survival of 98% with-
out LMs vs. 85% in those with metachronous LMs, and 
26% in those with LMs at the time of diagnosis of the 
primary gastrinoma [5]. Remarkably, however, a signifi-
cant proportion of patients with metastatic NETs exhibit 
indolent biological behaviour [6], although recurrence 
after an extended disease-free interval is common, and 
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recurrences may progress more rapidly than the previ-
ously indolent disease. These factors entail the need 
for careful follow-up and for a measured, integrated ap-
proach to medical and surgical treatment. An additional 
dimension to the treatment of patients with NETs is the 
presence or absence of hormonal excess syndromes. 
Many patients with NETs have non-functional tumours, 
or tumours which produce hormones that lack any clin-
ically significant effect. Others have functional tumours 
and may suffer from a wide range of hormonal excess 
syndromes, resulting in dermatologic, endocrine, gastro-
intestinal and cardiovascular clinical effects. Generally, 
patients with midgut NETs without LMs do not exhibit 
symptoms of hormonal excess, despite tumours which 
secrete functional hormones into the portal circulation, 
as these hormones pass directly into the liver, which 
can metabolize them to an inactive form on the first 
pass, preventing their systemic circulation and effects. 
In contrast, functional NET LMs release hormones into 
the hepatic venous circulation, and these active hor-
mones enter the systemic circulation before the hepat-
ic metabolism, leading to hormonal excess syndromes. 
Liver-directed therapies, including surgery, have a sig-
nificant impact on hormonal excess syndromes induced 
by NET LMs. Complete resection of NET LMs leads to 
prolonged survival: 5-year overall survival rates > 70% 
[7, 8] are reported despite recurrence in up to 80% of 
patients [9]. Thus the rationale to resect NET LMs when 
feasible is established. 

Pre-treatment evaluation  
and diagnostic imaging

Pre-treatment staging often includes the biochemi-
cal assessment of serologic markers such as serotonin, 
insulin, vasoactive intestinal peptide (VIP), and chro-
mogranin, even in patients without clinically apparent 
hormonal excess. When one or more of these serum 
markers are elevated, they can be used to assess the 
efficacy of treatment and may be helpful in the diag-
nosis of recurrence after therapy. Patients with hor-
monal excess (e.g. flushing, diarrhoea, bronchospasm, 
hypoglycaemia or carcinoid heart disease as a result 
of tricuspid insufficiency) may lack the cardiovascular 
or nutritional reserve required for safe major surgery. 
This subset of patients may require treatment of the ef-
fects of hormone excess using somatostatin analogues, 
anti-diarrhoeal or other therapies in order to improve 
performance status for more definitive treatment. Occa-
sionally, other non-operative interventions, such as tu-
mour embolization or chemotherapy, can be considered 
(these are discussed below), and surgery is considered 
once performance status improves. Echocardiography is 
indicated when cardiac function is impaired, and severe 

valve dysfunction prompts repair before consideration 
for hepatic surgery [10]. In patients with carcinoid heart 
disease, hepatic resection is associated with decreased 
risk of cardiac progression and improved 5-year survival 
[11]. Staging in patients being considered for hepatic 
metastasectomy includes whole-body imaging, and liv-
er-specific, anatomical imaging. Whole body functional 
studies which can be helpful to assess and characterize 
disease extent include Tc99m-HYNIC-TOC scintigraphy, 
or newer techniques such as gallium-68 DOTA-TATE 
PET/CT. 9-fluorodeoxyglucose positron emission to-
mography (FDG-PET) may be considered for staging 
high grade NETs. Radiolabelled octreotide has high 
affinity for somatostatin receptor 2 (sst2), thereby en-
abling specific binding to NETs, whereas FDG-PET relies 
on glucose consumption to highlight metabolically ac-
tive tumours. The sensitivity of octreotide scanning for  
patients with GEP-NETs is 89–90%, and may approach 
100% with glucagonoma, nearly 75% for gastrinoma, 
85% for carcinoid, and about 90% for VIPoma [12, 13]. 
Detection of octreotide avid lymph nodes and liver le-
sions is virtually pathognomonic for metastatic NETs 
and can guide planned surgical therapy. PET should be 
fused with computed tomography (CT) imaging to pro-
vide relative anatomic information regarding tumour 
location, and as such can significantly improve the 
utility of these whole-body functional tests in surgical 
planning. Other findings on CT imaging or magnetic 
resonance imaging (MRI) can also significantly impact 
surgical planning, such as anatomic variations or vascu-
lar issues. The objectives of staging with cross-sectional 
imaging using MRI or CT are 3-fold: firstly, to assess the 
distribution of tumours throughout the liver, including 
millimetric capsular disease if possible; secondly, to de-
fine the intrahepatic vascular anatomy and the associ-
ation of tumours with intrahepatic vascular structures; 
and finally, when extensive resection is required, to en-
able 3-dimensional liver volumetry of the FLR.

Assessment of performance status and 
clinical assessment of liver function

In the context of a potential surgical resection of NET 
LMs, the performance status and the liver function are 
evaluated. In cases of severe hormonal syndrome or sig-
nificant hepatic involvement, patient performance status 
may be poor. In surgical candidates, liver function after 
hepatectomy is contingent on the quality of the liver 
parenchyma, the volume of the FLR, and the regenera-
tive capacities of the liver. The risk of postoperative liver 
failure remains one of the main concerns after major liv-
er resection. This risk must be estimated preoperatively 
not only to determine the safety of resection but also 
because preoperative steps can often be taken to avoid 
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postoperative liver dysfunction. Patients with NET LMs 
who are candidates for major liver resection generally 
have normal liver function. For the most part, aside from 
steatosis associated with somatostatin analogues and 
perhaps streptozocin, severe hepatic parenchymal inju-
ries are not commonly a major problem in candidates 
for resection of NET LMs [14]. Thorough preoperative 
evaluation should detect portal hypertension that would 
increase the risk associated with surgery. Careful clinical 
examination to exclude liver disease (ascites, collater-
al venous circulation), biologic assessment (for platelet 
count < 100 000) and imaging (for evidence of venous 
collaterals, oesophageal varices, morphologic changes 
in liver shape consistent with chronic liver disease, and 
splenomegaly) allow the selection of patients suitable 
for major liver resection. When imaging suggests severe 
underlying liver disease, laparoscopy with or without 
liver biopsy of the non-tumourous liver parenchyma can 
aid in quantifying underlying disease, but its routine use 
is generally not necessary. Evaluation of liver disease is 
critical to determine the safe extent of liver resection. 

Assessment of the FLR
Liver volume and liver function are linked [15]. In 

fact, there is a direct correlation of liver volume to 
patient size: large patients have large livers, smaller 
patients smaller livers. Thus, when extensive liver re-
section is planned, assessment of the FLR volume is 
indicated in order to determine the safety of resection 
and determine whether preoperative liver enhancement 
is needed, because the disease-free liver that remains 
(not the tumour-bearing liver that is removed) deter-
mines the safety of resection, recovery and postoper-
ative liver function of the individual patient. The im-
portance of focus on the FLR prior to resection relates 
to the absence of effective treatment for postoperative 
severe hepatic failure related to an inadequate rem-
nant [16], and to the existence of preoperative prepa-
ratory treatments (specifically PVE), which can reduce 
the risk both of fatal hepatic failure but also hepatic 
insufficiency, which can lead to prolonged, complicated 
postoperative recovery. The limits of safe, extensive liver 
resection are gradually being refined. Liver function is 
affected by the presence and degree of underlying liver 
disease: patients with abnormal underlying liver paren-
chyma require larger FLR volumes following resection 
to ensure adequate post-resection liver function [17]. 
Rigorous data have defined safe limits for resection, 
and agreement on these limits has been reached in an 
international consensus based on extensive data. Spe-
cifically, for patients with normal underlying liver, the 
FLR volume limit based on standardized FLR volumetry 
is 20% of total liver volume (TLV) [18, 19]. Patients with 

significant underlying liver disease require 30% of TLV 
[20]. For patients with well-compensated cirrhosis, 40% 
of TLV is required for safe major hepatectomy [21, 22]. 
When patients are considered for major hepatectomy, 
volumetry of the FLR is indicated. 

Surgical outcomes: liver resection for 
NET LMs

The frequency of LMs may be greater than 40% 
in patients with NETs depending on the primary site. 
Medical therapy alone tends to be marginally effective, 
with 5-year survival ranging from 0 to 30%. The rela-
tively indolent nature of this disease and its tendency 
to be hormonally active merit aggressive therapy even 
for advanced disease. Aggressive surgical management 
with curative intent has been demonstrated to improve 
5-year survival in many series with acceptable morbid-
ity and mortality [23]. Even aggressive concomitant 
resection of NET LMs with the primary NET has been 
advocated by some to be warranted, based on an overall 
5-year survival of 71% [24]. However, recurrence rates 
even with aggressive surgical management have been 
demonstrated to be as high as 84%. One of the larg-
est series of patients undergoing hepatic resection for 
metastatic neuroendocrine disease has been reported 
by investigators working at the Mayo Clinic, who exam-
ined 170 surgically treated patients and demonstrated 
a surgical morbidity of 14% and mortality of 1.2%. Re-
currence developed in 84% of patients, and the 5-year 
overall survival was 61% with a median survival of  
81 months. There was no difference in overall among 
patients with preoperative hormonal symptoms com-
pared with patients without endocrinopathies. A recent 
study of 172 patients undergoing procedures for NET 
LMs demonstrated a morbidity rate of 22% with a mor-
tality rate of 0% in the 140 (81.4%) patients who under-
went hepatic surgery. Eighty (46.5%) patients developed 
recurrence of LMs and underwent either re-resection 
or ablative therapy. The median overall survival was 
9.64 years with a 5-year overall survival rate of 77.4%. 
A multi-institutional study identified 339 patients who 
underwent surgical intervention (79% surgical resection, 
3% ablation, 19% surgery and ablation, as initial liver-di-
rected procedures) over a 14-year period. Median overall 
survival was 125 months with 5- and 10-year overall 
survival of 71% and 51%, respectively [25]. Liver resec-
tion may be indicated to improve a patient’s quality of 
life and/or decrease the need for medical therapy where 
performance status permits consideration for surgery. 

Radiofrequency ablation
Radiofrequency ablation (RFA) is a technique that in-

volves the use of thermal energy to induce coagulation 
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necrosis, thereby destroying tumour cells. When heated 
to 45–50°C, proteins are denatured and cellular mem-
branes are destroyed. Utilizing an alternating electric 
current in the range of radiofrequency waves applied 
via needle electrodes directly into the tumour, localized 
thermal ablation with temperatures of greater than  
60°C may be achieved [26]. Although surgical resection 
remains the mainstay of treatment for NET LMs, RFA 
may serve as either a primary modality to treat LMs 
or an adjunct to surgery in many instances. Ablative 
therapy, for the most part, is associated with low mor-
bidity and mortality while providing a satisfactory level 
of symptomatic control despite a near universal local 
recurrence rate for treated patients [27]. One of the 
earlier studies of RFA for NET LMs included a series of 
34 patients with 234 LMs who underwent a total of  
42 ablative sessions. Morbidity was minimal at 5% with 
no reported periprocedural mortality. Mean survival af-
ter RFA was only 1.6 years with new liver lesions in 28% 
and local recurrence in 13% [28], but amelioration of 
symptoms was achieved in 95% of patients with signifi-
cant relief in 16% and complete resolution of symptoms 
in 63%, suggesting some clinical value to the ablative 
approach in these selected patients. In a retrospective 
analysis of RFA done for NET LMs, 80 laparoscopic RFA 
sessions were performed in 63 patients over a 10-year 
period. Perioperative morbidity was minimal at 5% and 
there was no perioperative mortality. Ablation afforded 
partial symptomatic relief in 92% and complete relief 
in 70% patients. Median survival was 3.9 years after 
the first session of RFA with a local recurrence rate of 
6.3% [29]. In the study mentioned above, which anal-
ysed 339 patients undergoing liver-directed therapies 
for metastatic NETs, the 5-tear overall survival was 72% 
while progression-free survival (PFS) was 4.5% in the 
subset of patients who underwent ablation [30]. Thus 
RFA is clearly a useful tool for the treatment of NET LMs. 
Limitations of the technique include the poor efficacy of 
ablation in tumours > 3–4 cm in diameter, and a con-
traindication for ablation < 1 cm from central biliary or 
portal venous structures (as the RFA heat can lead to 
biloma, portal thrombosis and death). RFA is extremely 
useful for the treatment of small tumours, and is very 
effectively used in patients after resection.

Resection plus RFA
Resection plus RFA is increasingly used in patients 

with bilateral NET LMs. Resection is performed for large 
or dominant lesions, while ablation is used to treat 
small lesions in the FLR. Usually, both resection and 
ablation are performed simultaneously at laparotomy. 
Resection plus RFA has been used to treat metastat-
ic colorectal and non-colorectal disease. In a series of 

172 patients treated by the combined modalities, the 
morbidity rate was 19.8% with a mortality rate of 2.3%, 
comparable to much of the data for resection alone. 
The recurrence rate was 56.9% at median follow-up of  
21.3 months [31]. Liver failure was attributed to the 
degree of thermal destruction caused by the ablative 
therapy in the small FLR, bringing to light a potential 
risk associated with this one-stage approach to bilateral 
tumours. Therefore, great care must be undertaken to 
select appropriate patients for combined therapy, partic-
ularly in those individuals with underlying compromised 
liver function. This disadvantage of resection plus RFA 
necessitates the formal assessment of FLR function: this 
approach should be reserved for patients with a defin-
itively adequate FLR who require ablation of relatively 
small metastatic lesions in the FLR not associated with 
the major vascular structures therein. Certainly if resec-
tion plus RFA is planned and there is concern that abla-
tion may damage the FLR, observation and reoperation 
to treat residual disease (or postoperative percutaneous 
therapy) might be considered to ensure a safe outcome. 

Liver transplantation
Liver transplantation (LT) may be considered in 

a highly selected group of patients with NET LMs. In 
contrast to LT outcomes performed for other secondary 
liver malignancies, the outcomes of LT for fairly exten-
sive but liver-limited NET LMs have been promising. LT 
is generally considered when resectable (usually resect-
ed) primary and locoregional disease without extrahe-
patic metastases or unresectable hepatic metastatic 
disease is present (with or without hormonal symptoms 
refractory to medical management). Often, progres-
sive hepatic failure related to hepatic tumour burden 
is present, and patients are otherwise not candidates 
for liver directed therapies [32]. Van Vilsteren defined 
selection criteria for LT in NETs as follows: (1) histologi-
cal confirmation of NET LMs or a primary NET with evi-
dence of LMs, (2) bilobar, unresectable liver metastasis,  
(3) complete resection of the primary NET, (4) the ab-
sence of extrahepatic disease, and (5) the patient must 
be deemed a suitable candidate by a transplant team 
and is on a transplant list [33]. These or similar guide-
lines are used in most countries. However, a French 
multicentre study of 85 patients transplanted for met-
astatic NETs described factors which might enhance 
LT selection for NETs [34]. Firstly, a 47% 5-year overall 
survival was reported for the entire registry cohort. Sec-
ondly, they identified primary tumours in the duodenum 
or pancreas, as well as upper abdominal exenteration, 
as predictors of poor survival, and reported that 5-year 
survival reached 68% among 55 patients with one or 
neither poor prognostic factor. These findings have 
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been perceived as potential factors which could allow 
for better selection of patients with NET LMs for LT, with 
an expectation for > 50% 5-year overall survival and ex-
cellent quality of life in properly selected patients. More 
work is needed, but selection criteria may exclude those 
with the need for upper abdominal exenteration, pa-
tients with pancreatic NETs, and patients with hepato-
megaly, as these three groups may not derive sufficient 
benefit from LT based on this literature review [35]. 
Other factors which may contribute to NET patient se-
lection for LT may be gleaned from other studies on this 
topic, which reinforce the potential for a good outcome 
with this therapy despite relatively advanced disease. 
47–51% survival rates are reported in larger studies [36, 
37]; these studies also suggest that favourable prog-
nostic factors include age less than 50 years, primary 
tumour located in the lung or bowel, and preoperative 
somatostatin therapy. Several molecular markers have 
been investigated as prognostic indicators to refine 
the selection process. Most notably, the expression of 
Ki67, a nuclear protein located in proliferating cells, has 
been found to be inversely correlated to survival out-
comes, although this finding has not been supported 
by all studies. A meta-analysis of 4 series examined the 
use of the Ki67 labelling index as a prognostic indicator 
[38–40]. Seventy-seven patients were combined from 
all 4 series and divided into a low-risk group (Ki67 index 
< 2%) and a high-risk group (Ki67 index > 2%). Low-risk 
patients demonstrated improved 1- and 3-year survival 
and recurrence-free survival when compared to high-
risk patients. Moreover, recurrence was 52% at 3 years 
for the low-risk group compared to 17% in the high-
risk group [41]. The improvement in imaging modalities, 
especially in functional imaging with 68Ga DOTA-TATE 
PET/CT, enables more robust assessment of patients 
to exclude extra-hepatic disease, and thus better out-
comes in future studies can be expected.

Transarterial liver directed therapies
Less than 10% of patients with metastatic NETs 

of the liver are candidates for surgical resection. Sys-
temic chemotherapy has limited efficacy in GEP-NETs 
and generates more robust, albeit variable, responses 
in pancreatic NETs. Hepatic arterial embolization, typi-
cally termed transarterial embolization (TAE), and tran-
sarterial chemoembolization (TACE) have been shown 
to induce reduction in tumour size and to ameliorate 
symptoms of excess hormonal secretion. The rationale 
for use of liver directed therapies is predicated on the 
observation that metastatic liver lesions derive much of 
their nutrient supply from the hepatic arteries. In a se-
ries of 69 patients with metastatic carcinoid tumours 
and 54 patients with metastatic pancreatic NETs who 

underwent TAE or TACE, a higher response rate, longer 
PFS, and longer overall survival were found in those 
with carcinoid tumours. For patients with carcinoid  
tumours, TAE generated a higher response than TACE  
(p = 0.004) and lower toxicity. For patients with pancre-
atic NETs, TACE resulted in an improved response rate 
and overall survival, though statistical significance was 
not achieved [42]. Extensive experience with TAE and 
TACE for carcinoid and other NETs has secured the place 
of these approaches for treatment of LMs. The results of 
the major studies that examined the utility of TAE and 
TACE for NETs reveal 33–74% response rates, though 
more recent studies quite consistently demonstrate ra-
diographic response rates approximately 50% or higher 
[43, 44]. The few studies that report symptom response 
suggest much higher rates of symptom response, rang-
ing from 70 to 100%. Emerging data regarding the use 
of radioactive microspheres for embolization, known 
as radioembolization, suggest that the technique has 
some utility for the treatment of metastatic NETs. Yt-
trium-90 (90Y) microspheres are available in two forms, 
one with 90Y glass beads which have a dual effect of de-
livery of radioactive material to the tumours and gener-
ating an arterial embolic effect, and a second form with 
90Y labelled resin microspheres, which deliver a lower 
dose of radiation and lack a significant embolic effect 
[45, 46]. This report is not designed to detail the differ-
ences between the two radioembolization techniques, 
but it is worth noting that different radioactive particle 
delivery systems are just that, different, and cannot be 
viewed interchangeably. TAE can be an extremely useful 
adjunct to liver resection in some patients. The classic 
example is a patient with severe hormonal excess lead-
ing to nutritional compromise, yet whose metastatic 
disease in the liver is resectable. Such patients may de-
rive significant benefit from preoperative therapy with 
TAE. If the hormonal excess syndrome is controlled, 
subsequent definitive resection can provide long-term, 
symptom-free survival. The combination of careful at-
tention to preoperative patient preparation, nonsurgical 
and surgical therapy, and meticulous surgical technique 
optimizes outcomes by taking advantage of the many 
aspects of multidisciplinary care.

Systemic therapy
While systemic chemotherapy can be of tremendous 

value in patients with well- and moderately differentiat-
ed pancreatic NETs, these and other agents have little 
effect in small bowel carcinoids. Chemotherapy options 
may consist of monotherapy or a combination of the 
following agents: temozolomide, capecitabine, strep-
tozocin, 5-fluorouracil, doxorubicin, dacarbazine, plati-
num-based compounds (carboplatin, cisplatin, oxalipla-
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tin) or etoposide. Poorly differentiated NETs regardless 
of origin are generally more responsive to platinumbased 
therapy, occasionally irinotecan and etoposide [47]. The 
choice of systemic chemotherapy in the management of 
pancreatic NETs is an area of debate because of reports 
suggesting a wide range of response from 6% to 69% for 
streptozocin-based chemotherapy. Octreotide analogues 
have gained a secure place in the treatment of patients 
with metastatic NETs since the publication of the  
PROMID study (Placebo-controlled prospective Random-
ized study on the antiproliferative efficacy of Octreotide 
LAR in patients with metastatic MIDgut NETs) which 
demonstrated the ability of the long-acting Sandostatin 
analogue octreotide LAR to delay progression in treat-
ed patients [48]. This quality (providing stability) has 
a different effect than the decreased tumour size asso-
ciated with cytotoxic therapy for pancreatic NETs, but is 
also of value for the surgeon. Announced results of the  
CLARINET study, which concerned the use of lanreotide 
autogel in GEP-NEN, confirmed the antiproliferative ef-
fect of this analogue. The study involved 204 patients 
with NEN G1 and G2 (Ki67 < 10%) inactive with primary 
pancreas (45%), midgut (36%), hindgut (7%) and un-
known (13%) and liver involvement > 25% in 33% of 
patients. Two-year lanreotide treatment with 120 mg au-
togel every 4 weeks showed no disease progression or 
death in 62% of patients compared to 22% of patients 
receiving placebo [49]. Among patients with a significant 
disease burden but who might be candidates for treat-
ment, observation on octreotide and lanreotide may pro-
vide longitudinal data in the specific patient, and may 
help reveal the biological behaviour of that patient’s tu-
mour. Accordingly, and in concert with a seasoned medi-
cal oncologist, the patient can be selected for aggressive 
surgical approaches when there is a clear picture of the 
biology of the individual patient’s tumour.

Conclusions
In patients with NET LMs, the small intestine and 

pancreas are the most common primary tumour sites. 
Many patients will have prolonged survival even in the 
context of advanced metastatic disease; therefore ag-
gressive treatment strategies must be applied with care. 
No single treatment approach or algorithm can be de-
signed for patients with NET LMs. Although a cure is 
elusive, complete resection offers a significant proba-
bility for long-term survival in patients with NET LMs: 
5-year survival rates of 70% or more are consistently 
reported following resection [50–52]. Incomplete re-
section or debulking has been described as a strategy 
to be considered in highly selected cases to palliative 
severe hormonal syndrome [53], though most expe-
rienced surgeons and centres are reluctant to pursue 

debulking because of the apparently small advantage 
in survival beyond an expected 30% 5-year survival rate 
among non-surgically managed patients. Management 
of patients with NETs metastatic to the liver requires 
an integrated, multidisciplinary approach. Patients with 
hormonal excess may suffer nutritional compromise 
that precludes consideration for up-front surgery, and 
sequential medical and surgical therapy may be needed. 
Fortunately, a growing proportion of patients with func-
tional and nonfunctional NET LMs can be considered 
for complete resection of LMs, even when a significant 
tumour burden or bilateral disease is present, because 
of advances in surgical techniques, and combination of 
medical and surgical therapy. A proportion of patients 
can benefit from a combination of therapies that may 
address the disease process in a locoregional or system-
ic manner even if the intent is not for cure. Locoregional 
therapies can be used to control hormonal symptoms in 
preparation for surgery. Percutaneous or transarterial ap-
proaches may be used alone or in combination with sur-
gery. Systemic therapies include biotherapeutic agents 
and traditional cytotoxic agents; somatostatin ana-
logues have demonstrated effectiveness in symptomatic 
control and may afford some level of tumour response. 
Many patients, not otherwise considered candidates for 
surgery, benefit from a sequence of medical and inter-
ventional therapies which may open doors to more du-
rable surgical interventions. Simultaneously, indications 
for extensive liver resection are expanding in general, 
and specifically for patients with NET LMs. With safe 
extended resection and two-stage surgical approaches 
to patients with bilateral liver tumours, a growing pop-
ulation of patients with NET LMs is considered for sur-
gery. Ablative therapies have an established adjunctive 
role in disease control in highly selected patients with 
NET LMs. Liver transplantation can be considered when 
extrahepatic disease is eradicated and in rare cases of 
overwhelming liver disease. Essential to a good outcome 
is the continuous interaction between members of the 
multidisciplinary team to optimally sequence treatments 
to enable the best oncologic and clinical outcomes for 
patients with this challenging family of diseases.
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