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Introduction

Neuroendocrine tumors (NETs) are a rare but increasingly 
prevalent neoplasm with heterogeneous clinical behavior. 
Well-differentiated gastroenteropancreatic (GEP) NETs 
are typically characterized by an indolent clinical course 
and relatively good prognosis compared with other 
gastrointestinal cancers. In contrast, GEP-NETs frequently 
metastasize to the liver with approximately 28–77% of 

patients developing neuroendocrine liver metastases 
(NELM) in their lifetime (1,2). NELM can be associated 
with significant detriments in quality and quantity of life (3).  
Indeed, the presence of NELM is one of the most 
significant negative prognostic factors for long-term 
survival among patients with NETs (4). In addition, patients 
with liver metastases can experience debilitating carcinoid 
syndrome, as well as local complications such as biliary 
obstruction or liver insufficiency (5,6). For these reasons, 
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management of NELM is important as liver disease is 
often the main determinant of patient prognosis among 
individuals with otherwise indolent disease. Fortunately, 
significant advances in novel imaging techniques, liver-
directed therapies, and systemic treatment options have 
improved the multidisciplinary management of patients 
with NELM (3,7,8). We herein review recent advances, as 
well as provide a contemporary overview of the diagnosis 
and management of patients with well-differentiated 
NELM.

Diagnosis

Initial diagnosis

All patients with a diagnosis of NET and concern for 
possible NELM should undergo comprehensive history, 
physical, biochemical and radiographic evaluation. The 
history should focus on previous diagnostic procedures and 
treatments received. Symptoms consistent with carcinoid 
syndrome and/or functional tumor syndromes should be 
carefully elicited. The physical examination should be 
comprehensive and include signs and symptoms of chronic 
liver disease. Standard laboratory tests including complete 
blood count, prothrombin time, and liver function tests 
provide evidence of liver synthetic function and will inform 
patient eligibility for liver-directed therapy. Tumor markers 
including chromogranin A, synaptophysin, pancreatic 
polypeptide, gastrin, and insulin should be ordered as 
these levels may be useful to measure tumor response to 
treatment and/or recurrence. For individuals in which the 
presence of carcinoid syndrome is indeterminate, 24-hour 
urinary serotonin can be measured.

While a biopsy is not required to document NELM in 
a patient with a history of GEP-NETs and liver lesions 
with classic radiographic features, histologic confirmation 
can be helpful in a patient where the diagnosis is unclear. 
Biopsy can be performed percutaneously or at the time of 
surgery for some other indication (e.g., resection of the 
primary or cholecystectomy); less commonly, endoscopic 
ultrasound can be used to biopsy lesions in the left liver. 
Careful attention to the differentiation, overall grade, 
and Ki-67 are paramount as this information is both 
prognostic and may inform treatment decision-making. 
While most primary and metastatic NETs are concordant, 
occasionally the Ki-67 rate of the NELM may be different 
than the primary tumor (9).

Imaging

Patients with NETs should undergo triple-phase (non-
contrast, arterial phase, and portal venous phase imaging) 
computed tomography (CT) of the chest, abdomen, and 
pelvis. NELM are typically hyperenhancing on arterial 
phase with persistent enhancement on portal venous phase, 
though enhancement patterns can vary (10) (Figure 1).  
Large tumors can exhibit central areas of necrosis. In 
general, magnetic resonance imaging (MRI) is excellent 
for characterizing liver lesions. While enhancement 
patterns can vary, NELM are typically best visualized on 
T1 hepatic arterial and T2 fat-suppressed fast spin-echo 
phases on conventional MRI. More recently, diffusion-
weighted MRI has shown improved detection for NELM 
(11,12).

Somatostatin receptor scintigraphy (SRS) also plays 
an important role in the radiographic staging of patients 
with suspected NELM given that over 90% of NETs 
express somatostatin receptors. While traditionally the 
octapeptide analog of somatostatin (octreotide) labeled 
with indium-111 (known as OctreoScan) was the standard 
method of staging and characterizing NETs, this has largely 
been replaced at most centers by gallium 68Ga DOTATATE 
positron emission tomography (PET). Previous studies 
have suggested that the routine incorporation of 68Ga-
DOTATATE may alter treatment decision making in up 
to one-third of cases and provides important prognostic 
information (13,14). Based on its increased sensitivity, 
reduced radiation dose, improved registration with CT, 
and reduced scanning times required (15), consensus 
guidelines have recommended that SRS-PET should 
replace OctreoScan for all indications in which the latter 
was previously used (16) (Figure 2).

Accurate preoperative imaging is essential for assessing 
resectability and informing liver-directed therapies. A 
recent review found pooled sensitivity rates of 22%, 21.2%, 
32.6%, and 12.4%, respectively for detecting NELM 
by ultrasound, CT, MRI, and SRS, respectively while 
accuracy was reported to be 38.4%, 37.6%, 48.8%, and 
23.9%, respectively (17). The use of contemporary 68Ga-
somatostatin receptor PET/CT has improved sensitivity 
and specificity for NELM to approximately 94% and 89%, 
respectively (17). In practice, CT, MRI, and SRS-PET are 
all useful in the evaluation of patients with metastatic NET, 
particularly those who are being considered for hepatic 
resection, and are supported by recent consensus guidelines 
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from the European Neuroendocrine Tumor Society 
(ENETS) (18).

Role of hepatic resection

Outcomes

Although no randomized controlled trials have been 
performed comparing surgery versus non-surgical  
therapies (19), hepatic resection of NELM, when feasible, 
is thought to be associated with the best long-term 
outcomes. In fact, 5-year overall survival (OS) can reach 
60–80% among well-selected patients (20). Several meta-
analyses have attempted to confirm the benefit of surgery 
for NELM. For example, a 2012 systematic review reported 
pooled median 3-, 5- and 10-year OS of 83% (range, 
63–100%), 70.5% (range, 31–100%), and 42% (range, 
0–100%), respectively (21). The survival benefit associated 
with hepatic resection persisted even compared with patients 
who were treated with aggressive nonoperative approaches. 
For example, a retrospective multi-institutional review 
of 339 patients with NELM undergoing liver resection 
versus 414 patients receiving intra-arterial therapies noted 
an improved 5-year OS among patients who underwent 
surgery (74% vs. 30%, P<0.001) (22). Another systematic 
review noted significantly improved survival outcomes 
following liver resection versus patients who received liver-
directed therapies, chemotherapy, or no treatment (23).

Since a prospective randomized controlled trial is 

Figure 1 Representative example of NELM on (A) arterial phase CT, (B) portal venous phase CT, and (C) 68Ga-DOTATATE CT-PET. 
NELM, neuroendocrine liver metastases; CT, computed tomography; PET, positron emission tomography.

B CA

Figure 2 Representative example of 68Ga-DOTATATE CT-PET 
demonstrating somatostatin receptor avid metastatic disease in 
the breast, peritoneum, bone, and lymph nodes in a patient with 
unremarkable CT imaging. CT, computed tomography; PET, 
positron emission tomography.
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unlikely to be performed, and given the excellent long-
term outcomes observed in retrospective series of patients 
undergoing resection for NELM, hepatic resection is 
recommended for appropriately selected patients. A 
recent international Working Group on Neuroendocrine 
Liver Metastases similarly concluded that the use of liver 
resection is the preferred treatment option for patients 
with NELM (3). Similar guideline recommendations have 
been made by the North American Neuroendocrine Tumor 
Society (NANETS) (24) and ENETS (1), as well as other 
organizations (25-27).

Prognostic factors

A better understanding of relevant prognostic factors may 
improve patient selection for liver resection. Multiple 
studies have been conducted to evaluate risk factors for 
long-term outcomes following hepatic resection of NELM. 
For example, Glazer et al. reported that synchronous 
disease, nonfunctional hormonal status, and extra-hepatic 
disease were associated with worse long-term outcomes, 
while Spolverato et al. reported that extrahepatic disease 
and tumor grade were adversely associated with prognosis 
(28,29). In a systematic review, Saxena et al. noted that poor 
histologic grade, extrahepatic disease, and a macroscopically 
incomplete resection were negative prognostic factors (21).  
While extrahepatic metastatic disease is one of the most 
consistent prognostic factors observed across studies, 
hepatic resection in the setting of low-volume indolent 
bone metastases may be appropriate (30). In addition, 
synchronous disease is associated with higher recurrence 
rates  compared with metachronous disease  (31) . 
Interestingly, most, but not all studies, have noted that 
R1 margin status is not associated with worse outcomes  
(29,32-34).

Debulking

The role of debulking surgery for NELM continues to 
be debated with many surgeons advocating for aggressive 
surgical intervention even when complete macroscopic 
removal of all disease is not possible (35). Several series 
have reported excellent long-term outcomes and symptom 
control among patients undergoing cytoreductive 
surgery with 80–90% of NELM tumors removed. For 
example, Ejaz et al. reported a 5-year OS of 60% among 
179 patients with NELM who underwent non-curative 
cytoreductive surgery (36). In a separate study, Sarmiento 

et al. reported a 5-year OS of 61%, in addition to excellent 
symptom control among 170 patients who underwent 90% 
debulking of NELM (37). Increasingly, some surgeons 
have recommended consideration of debulking surgery 
even when less than 90% of disease can be removed. For 
example, Scott et al. demonstrated improved OS among 
patients who had >70% of metastatic disease resected (38), 
while Morgan et al. noted comparable survival outcomes 
for patients who had 70%, 90%, and 100% of tumor 
volume resected (35). These studies are difficult to interpret 
given the inherent selection biases present in institutional 
retrospective studies; however based on these data, some 
investigators have proposed changing the threshold for 
considering cytoreductive surgery to a 70% threshold (35).

Concomitant ablation

Ablative procedures are commonly used for oligometastatic 
disease either alone or in conjunction with hepatic 
resection. Concomitant ablation is mainly used in the 
setting of multifocal disease to assist with debulking of 
unresectable disease or to avoid extended liver resection. 
Contemporary studies appear to demonstrate favorable 
long-term outcomes associated with this strategy. For 
example, Taner et al. reported that ablation used in 
combination with resection resulted in 5- and 10-year 
OS of 80% and 59%, respectively (39). In a large multi-
institutional analysis, ablative procedures were used in 
approximately 20% of patients undergoing surgery for 
NELM, which was not associated with an increased risk of 
recurrence or worse survival (40). In addition, concomitant 
ablation did not appear to increase the perioperative risks 
of surgery for NELM (41). In general, ablation should be 
used for small-intermediate sized, centrally-located tumors 
to preserve liver parenchyma or avoid the morbidity of a 
major resection. Care should be taken when combining 
ablation with extended hepatectomy as injury to the future 
liver remnant could increase the risk for postoperative 
hepatic insufficiency (42). Finally, tumors close to the 
hepatic veins (heat sink) or portal pedicles (biliary injury, 
liver ischemia) may be at higher risk of incomplete ablation 
or complications, respectively.

Recurrent disease

While long-term OS generally is excellent, recurrence 
following hepatic resection of NELM can approach 
50–95%, and the majority of recurrences will occur in the 
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liver (21,40). Among patients who develop intrahepatic 
recurrence, >70% will occur within 3 years of surgery, 
and approximately 40% within 1 year (34,43). Multiple 
studies have highlighted the safety and relative efficacy of 
repeat hepatectomy for recurrent primary and metastatic 
liver disease (44,45); repeat hepatic resection for recurrent 
NELM has similarly been demonstrated to be feasible and 
associated with good long-term survival outcomes in well-
selected patients (46). For patients with recurrent NELM 
who are not surgical candidates, non-surgical therapies are 
alternative options.

Surgical considerations

Patient selection

Careful patient selection is imperative for enhancing 
perioperative and long-term outcomes associated with 
hepatic resection for NELM. In general, the liver metastases 
should be amenable to complete or >90% resection. 
Hepatic resection should leave a future liver remnant 
with at least two contiguous segments characterized by 
intact venous, arterial, portal venous, and biliary drainage 
that comprises at least 20% of standardized liver volume. 
Minimal to no extrahepatic disease should be present and, 
in general, the primary tumor should be resectable. Hepatic 
resection is generally indicated only for tumors with well-
differentiated morphology and low-intermediate grade 
though limited evidence suggests acceptable outcomes in 
high-grade tumors particularly when the Ki-67 <55% (47).  
Patients should be healthy enough to undergo major 
hepatic resection with acceptable morbidity. For patients 
with prohibitive or borderline comorbidities who cannot 
be optimized, other liver-directed therapies should be 
prioritized. ENETS has previously published guidelines on 
indications for hepatic resection of NELM: R0 resection 
feasible, grade 1 or 2 tumors, acceptable perioperative 
morbidity (~30%) and mortality (<5%), absence of right 
heart failure, absence of extra-hepatic disease, and no 
peritoneal carcinomatosis (48).

Perioperative management

Recent studies have highlighted improved perioperative 
outcomes of patients undergoing liver surgery despite 
increases in case complexity (49). Nevertheless, several 
specific considerations should be undertaken for patients 
with NETs. Specifically, patients with NELM are at risk 

for carcinoid crisis (6). While some clinicians recommend 
the use of perioperative octreotide, the appropriate 
perioperative dosage as well as its actual efficacy remains a 
matter of debate (50). Hepatic resection is often combined 
with resection of the primary which appears to be safe (41). 
For combined operations, liver-directed surgery should 
typically be performed first in order to take advantage of 
low central venous pressure. Standard surgical principles 
of liver surgery should apply for resection of NELM, 
namely prioritizing low central venous pressure anesthesia, 
minimizing blood loss, knowledge of liver anatomy, 
generous use of intraoperative ultrasound, and safe 
parenchymal transection techniques. Enhanced recovery 
programs are an important part of complex hepatic surgery 
programs that hasten recovery and shorten length of 
hospital stay; these programs should be implemented for 
patients with NELM (51).

Neoadjuvant and adjuvant treatment strategies

Following surgery, patients should be followed with 
cross-sectional imaging and tumor markers every  
3–12 months (27). Given the high incidence of recurrence 
following hepatic resection of NELM (21,40), the use of 
multimodality therapeutic strategies to improve patient 
selection for surgery and reduce the development of 
recurrent disease are appealing. However, little research 
has been conducted on strategies for preventing recurrence 
in high-risk NETs. While few studies have investigated 
the use of adjuvant therapy following resection of  
NELM (52), some investigators have reported on the use 
of neoadjuvant therapies to downstage patients in order to 
facilitate resection of NELM (53). Cloyd et al. reported a 
single institution retrospective experience of neoadjuvant 
chemotherapy prior to the resection of pancreatic NELM 
and reported improved OS compared with immediate 
surgery, especially among those with synchronous  
disease (54). Similarly, the orally-available regimen 
capecitabine and temozolomide has been associated with 
excellent response rates and long-term outcomes NELM 
secondary to a primary tumor (55). Additional research 
is needed to clarify the potential benefits of neoadjuvant 
and adjuvant therapies for patients with NELM, as well as 
appropriate selection criteria.

Liver transplantation (LT)

Given i ts  role  in the management of  other  l iver 
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Table 1 Indications for LT for NELM

Milan criteria for LT

Biopsy confirmed well-differentiated low-intermediate grade neuroendocrine histology

Primary tumor drained by portal system and removed

<50% involvement of liver

Stable/responsive disease for minimum 6 months prior to transplantation

Age <55

ENETS minimal requirements for LT

Well-differentiated low-intermediate grade neuroendocrine histology

Primary tumor drained by portal system and removed

Absence of extrahepatic disease

Expected postoperative mortality <10%

LT, liver transplantation; NELM, neuroendocrine liver metastases; ENETS, European Neuroendocrine Tumor Society.

malignancies, there has long been interest in the use of LT 
as a potentially curative surgical option for patients with 
unresectable NELM (56). However, given the shortage of 
available organs, the frequency of extrahepatic metastatic 
disease in patients with NETs, and incomplete evidence 
of its efficacy for NELM, LT has been utilized relatively 
infrequently for NELM (56). Recent systematic reviews 
have suggested a 5-year OS of >50%, but the data are based 
on retrospective studies with significant selection biases and 
inter-study heterogeneity (1,57).

General guidelines for the selection of patients with 
NELM for LT have been previously outlined (Table 1). 
After defining criteria for LT for hepatocellular carcinoma, 
Mazzaferro et al. derived the Milan criteria for NELM, 
highlighting satisfactory long-term outcomes among these 
highly selected cases (58). ENETS has similarly identified 
general guidelines for LT to be used in select indications but 
note that curative-intent is unlikely and the main indication 
for LT should be palliation of hormonal syndromes not 
controlled with other techniques (1). In addition, recent 
studies have suggested similar survival outcomes among 
patients within Milan criteria who undergo surgical 
resection compared to LT (59). Given that good long-
term outcomes can be achieved with other liver-directed 
and systemic therapies for many patients with NELM, and 
in light of global organ shortages, additional research is 
needed to define the optimal indications for and outcomes 
of LT for NELM before it can be incorporated into routine 
practice.

Liver-directed therapies

For patients who are not candidates for hepatic resection 
due to either patient performance status or extent of liver 
disease, liver-directed therapies are available to assist with 
locoregional control, improve progression-free survival 
(PFS), and control hormonal symptoms. Given that the 
degree of involvement and control of the liver is often the 
most important predictor of long-term patient outcomes, 
liver-directed therapies are frequently used for patients with 
metastatic NET.

Transarterial therapies

For patients with multifocal bilobar disease, transarterial 
therapies are usually indicated (60). Transarterial 
embolization (TAE) can be performed bland (61) 
or in conjunction with chemotherapy [transarterial 
chemoembolization (TACE)] (62) or yttrium-90 (63) 
[transarterial radioembolization (TARE)]. TACE can be 
performed in a conventional manner utilizing an emulsion 
of chemotherapy and lipiodol (cTACE) or utilizing 
chemotherapy drug-eluting beads (DEB-TACE) (64). 
Patients undergoing TACE frequently experience a post-
TACE syndrome marked by abdominal pain, nausea, 
fevers, and transaminitis. While less common, serious 
complications such as biliary necrosis or abscess as well as 
mortality can occur (62). TARE results in less severe early 
toxicity likely because it is less ischemic in nature (63).  



Cloyd et al. NELM446

© HepatoBiliary Surgery and Nutrition. All rights reserved.   HepatoBiliary Surg Nutr 2020;9(4):440-451 | http://dx.doi.org/10.21037/hbsn.2020.04.02

On the other hand, concerns over late toxicity related 
to radiation fibrosis have been raised particularly given 
the excellent long-term OS rates observed among these 
patients (65). Lobar TACE has been associated with a 
higher incidence of complications among patients who have 
undergone pancreatoduodenectomy and thus consideration 
of selective TAE/TACE or TARE as well as periprocedural 
antibiotics is recommended.

Few studies have directly compared different transarterial 
treatment strategies. A recent two-institution retrospective 
analysis noted TACE to have a greater disease control rate, 
but there was no difference in long-term PFS or OS versus 
TARE (66). Other studies have suggested that cTACE 
may lead to improved long-term outcomes compared with 
TARE, though potentially at the expense of increased 
early complications (67). A recent three-arm randomized 
controlled trial comparing TAE, cTACE, and DEB-TACE, 
was terminated early due to increased severe complications 
in the DEB-TACE group (68). While decisions regarding 
liver-directed therapies have traditionally been influenced 
by institutional preferences, additional prospective 
comparative studies are needed to define the optimal 
transarterial therapy.

Other local therapies

For patients with oligometastatic disease, several modalities 
exist including percutaneous ablation, external beam 
radiation, or transarterial therapies. While frequently 
performed in conjunction with hepatic resection (see above), 
image-guided ablation can also be performed percutaneously 
by interventional radiology, typically for patients with 
recurrent but oligometastatic disease. Percutaneous 
ablation is most effective in those patients with 1–3 tumors 
measuring <3.5 cm in diameter. Larger size, hilar location, 
and proximity to major bile ducts can increase the risk of 
complications while proximity to large vessels can result in 
a heat-sink effect limiting its effectiveness. Percutaneous 
ablation leads to excellent symptom control and good local 
control but overall recurrence rates are high (69).

External beam radiation is an alternative technique 
for patients with oligometastatic NELM who are not 
candidates for hepatic resection. As the effectiveness of 
ablation decreases as tumor size increases, radiation therapy 
can be considered for larger solitary tumors (>3 cm) that are 
not amenable to resection. Few studies have been conducted 
on radiation therapy for NELM but external beam 
radiation using ablative techniques including stereotactic 

beam radiation therapy (SBRT) and proton beam radiation 
are frequently used for various primary and secondary liver 
malignancies (70,71).

Systemic therapies

In recent years, numerous new systemic therapy options 
have emerged for patients with well-differentiated GEP-
NETs (72,73). Often the initial treatment for patients with 
low-volume well-differentiated NELMs, somatostatin 
analogs (SSAs) lead to improved PFS and can effectively 
control the symptoms of hormonal overproduction (5,74).

Advances in the molecular understanding of pancreatic 
NETs (PNETs) have led to the development of several novel 
targeted therapies (73). For example, both sunitinib malate, 
a tyrosine kinase inhibitor, and everolimus, a mammalian 
target of rapamycin (mTOR) inhibitor, are specifically 
approved for use in metastatic PNETs (75,76). Everolimus 
is now also approved for GEP-NETs and pulmonary  
NETs (77). Emerging research suggests that other 
ant iangiogenic  agents ,  inc luding lenvat in ib  and 
cabozantinib, have activity against GEP-NETs (72).

Traditional chemotherapy is also occasionally used 
for patients with PNETs and less commonly for other 
types of NETs. While NETs were historically treated 
with streptozocin-based chemotherapy regimens (78), 
more recent evidence suggests that the orally available 
combination capecitabine/temozolomide can lead to 
significant responses for PNETs (79). Recent evidence also 
suggests that the proliferation index Ki-67, in addition 
to providing prognostic information, can also help guide 
chemotherapy selection. Based on the NORDIC registry, 
grade 3 well-differentiated NETs with a Ki-67 index of 
<55% may be best treated with capecitabine/temozolomide 
while tumors with Ki-67 index of >55% should be treated 
with platinum/etoposide which is typically used for poorly-
differentiated neuroendocrine carcinomas (80,81).

An exciting new therapeutic option for patients with 
metastatic NET, including NELM, is peptide receptor 
radionuclide therapy (PRRT) that delivers SSA-bound 
radionuclides selectively to somatostatin receptor positive 
tumors. PRRT is now approved for use in the United 
States based on the results of the NETTER-1 trial, which 
demonstrated improved PFS compared with high-dose 
SSA among patients with midgut NETs (82). As research 
into the molecular features of NETs continues, exciting 
breakthroughs in novel radiopharmaceuticals as well as 
targeted therapies, checkpoint inhibitors, and oncolytic 
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viruses are likely to occur in the near future (72). Additional 
research into combination therapies such as PRRT with 
TARE (83), SSAs (84), or chemotherapy (85) are also 
underway.

Conclusions

In conclusion, NETs are heterogeneous tumors occurring 
with increasing frequency that commonly metastasize to 
the liver. Patients with NELM require a comprehensive 
evaluation using a multidisciplinary approach. Advances 
in diagnostic imaging have improved the anatomic staging 
of patients, commonly identifying multifocal hepatic and 
extrahepatic metastatic disease. Fortunately, multiple 
treatment options exist for patients with NELM including 
surgery, non-surgical liver-directed therapies, and systemic 
treatment options. Overall, a systematic approach in a 
multi-disciplinary setting is likely to afford the best long-
term outcomes for patients with NELM.

The authors have formulated a proposed algorithm for 
managing patients with NELM (Figure 3). For patients with 
resectable tumors, hepatic resection is recommended based 
on the chance for best long-term outcomes and improved 
quality of life. Surgical resection may be appropriate even in 
the setting of low-volume indolent extrahepatic disease or 
when only >70% of liver metastases can be debulked. For 

patients with unresectable oligometastatic disease, multiple 
treatment options exist including percutaneous ablation, 
SBRT, or selective transarterial therapies. For individuals 
with multifocal bilobar disease, transarterial therapies 
are prioritized though systemic treatments including 
PRRT can be considered. For patients with a significant 
burden of extrahepatic disease, systemic treatments are 
the recommended option with or without liver-directed 
therapies depending on the distribution of the liver 
disease. Nevertheless, high-quality evidence supporting 
one treatment approach over another as well as for the 
optimal treatment sequencing is limited. In the near future, 
ongoing research will be helpful in determining the optimal 
indications for hepatic surgery, as well as the ideal treatment 
sequencing for patients with metastatic liver disease.
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peptide receptor radionuclide therapy; SSAs, somatostatin analogs.
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