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Introduction

Pancreatic neuroendocrine tumors (PNET) are a 
heterogeneous group of neoplasms that arise from pancreatic 
islet cells (1). Even among well-differentiated tumors, 

PNET can have variable clinical presentation, behavior and 

prognosis. Among patients with PNETs, the liver is the most 

common site of metastasis, with approximately 28–77%  

of patients developing neuroendocrine liver metastases 
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(NELM) in their lifetime (2,3). The development of 
pancreatic NELM (P-NELM) can be associated with 
significant detriments in quality and quantity of life. 
Patients with liver metastases can experience debilitating 
carcinoid syndrome, as well as local complications such as 
biliary obstruction or liver insufficiency. In addition, the 
presence of P-NELM is one of the most significant negative 
prognostic factors among patients with PNETs. For these 
reasons, a clear understanding of the available therapeutic 
strategies for patients with P-NELM is critical to ensuring 
optimal outcomes. In this article, we review the surgical 
management of patients with P-NELM.

Hepatic resection

Outcomes

Although no randomized controlled trials have been 
performed (4), surgical resection of NELM is believed to 
afford the best long-term outcomes when feasible. Five-year 
OS can be as high as 60–80% among well selected patients 
undergoing resection (5). A large single-institution analysis 
of patients with P-NELM undergoing hepatic resection 
reported a median overall survival (OS) of 124 months  
and 5-, 10-, and 20-year OS rates of 67%, 51%, and 36%, 
respectively (6). These outcomes are more favorable 
compared with outcomes of patients treated with 
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) (7).

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 (8). A 
different systematic review noted significantly improved 
survival outcomes following liver resection compared with 
liver-directed therapies, chemotherapy, or no treatment (9).  
A meta-analysis of seven studies that included only patients 
with P-NELM noted improved symptom control and 
longer survival durations with hepatic resection versus non-
surgical treatments (10). Nevertheless, the data were not 
uniformly concordant. A more recent systematic review 
“identified no robust evidence that a liver resection was 
superior to any other liver-directed therapies” to improve 

OS, progression-free survival (PFS), or quality of life (QOL) 
for patients with NELM (11,12).  

In light of the excellent long-term outcomes observed 
in retrospective series of patients undergoing resection 
for NELM, and the fact that a prospective randomized 
controlled trial is unlikely to be conducted, surgery 
for appropriately selected patients in the context of a 
multidisciplinary neuroendocrine program is recommended. 
A recent international Working Group on Neuroendocrine 
Liver Metastases similarly concluded that the use of 
liver resection is the preferred therapeutic strategy for 
patients with NELM when feasible (13). Similar guideline 
recommendations have been made by the North American 
Neuroendocrine Tumor Society (NANETS) (14) and the 
European Neuroendocrine Tumor Society (ENETS) (2) as 
well as others (15-17).

Prognostic factors

A better understanding of prognostic factors associated 
with outcomes following surgery may assist with patient 
selection for liver resection. To this point, multiple studies 
have evaluated factors associated with long-term outcomes. 
For example, Glazer et al. reported that synchronous 
disease, nonfunctional hormonal status, and extra-hepatic 
disease were adversely associated with long-term outcomes, 
while Spolverato et al. reported that extrahepatic disease 
and tumor grade were associated with worse prognosis 
(12,18). In a systematic review, Saxena et al. noted that poor 
histologic grade, extrahepatic disease, and a macroscopically 
incomplete resection were associated with worse long-term 
outcomes (8). While extrahepatic metastatic disease is one 
of the most consistent negative prognostic factors observed 
across studies, hepatic resection in the setting of low-
volume indolent bone metastases may be appropriate (19). 
In addition, synchronous disease is associated with higher 
recurrence rates compared with metachronous disease (20). 

Interestingly, most, but not all studies, have found that 
R1 margin status is not associated with worse outcomes 
(18,21-23). The lack of prognostic impact of R1 margin 
status may be due to the relative expansive or well-
encapsulated behavior of neuroendocrine metastases versus 
the more infiltrative nature of other liver malignancies. 
For this reason, parenchymal sparing approaches including 
hepatic enucleations may be considered, as such technical 
approaches appear to have similar long-term outcomes (24).
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Debulking

Many surgeons have argued for expanding the role 
of surgery for NELM to patients in which complete 
macroscopic removal of all disease is not possible (25). 
Indeed, several series have documented good long-
term outcomes and symptom control for cytoreductive 
surgery (i.e., debulking) in which 80–90% of tumors are 
removed. Ejaz et al. reported a 5-year OS of 60% among 
179 patients with NELM who underwent non-curative 
cytoreductive surgery (26). Similarly, Sarmiento et al. 
reported a 5-year OS of 61%, as well as excellent symptom 
control among 170 patients undergoing hepatic resection 
with 90% debulking (27). Recently, Scott et al. reported 
on the outcomes of patients with NELM undergoing 
debulking and reported that patients who had >70% of  
metastatic disease resected had improved OS (median 
134 vs. 38 months) (28). Similarly, Morgan et al. noted 
comparable survival outcomes among patients undergoing 
70%, 90%, and 100% of tumor volume and therefore also 
proposed changing the threshold for cytoreductive surgery 
to 70% (25).

The role of hepatic resection for P-NELM is similarly 
unclear in the setting of an unresectable primary tumor. 
Given that most patients with NELM eventually die 
from complications of their liver disease and not local 
complications of the primary, aggressive management 
of the NELM may be indicated even in the setting of 
an unresectable primary PNET. In fact, a recent multi-
institutional, propensity-matched, retrospective analysis 
noted similar long-term OS among patients with NELM 
who did and did not undergo primary tumor resection 
(PTR) (29). 

Concomitant ablation

Ablative procedures may be used alone or in combination 
with surgical resection to address liver metastases. 
Concomitant ablation is mainly used in the setting of 
multifocal disease to assist with debulking of unresectable 
disease or to avoid extended hepatic resection. Taner 
et al. reported that ablation used in combination with 
resection resulted in 5- and 10-year OS of 80% and 59%,  
respectively (30). 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 (31). Approximately 30% of resections for NELM 

performed in the United States include concomitant 
ablative procedures suggesting ablation is a routine part of 
surgical practice at most centers.

Several technical issues should be considered when 
uti l izing concomitant ablative procedures.  While 
radiofrequency ablation (RFA) has historically been the 
most commonly utilized technique, increasingly microwave 
ablation (MWA) is more often used and may be the 
preferred modality (32). Ablation should be used for small-
intermediate sized tumors to preserve liver parenchyma 
or avoid the morbidity of major resection. Some caution 
should be given in combining ablation with extended 
hepatectomies as ablation in the future liver remnant could 
increase the risk for postoperative hepatic insufficiency (33). 
Care should also be exercised when ablating lesions close 
to hepatic veins (heat sink) or portal pedicles (biliary injury, 
liver ischemia). 

Resection of the primary

For patients with synchronous resectable NELM, 
resection of the primary either in a staged or combined 
fashion is recommended. The decision for a staged versus 
combined approach is typically influenced by the location 
and number of the liver metastases as well as the primary 
tumor. Similar to the strategy employed for patients 
with synchronous colorectal liver metastases, minor 
liver resections can be combined with pancreatectomy; 
however, major liver resections should be more cautiously 
considered as pancreatoduodenectomy or complicated left-
sided pancreatectomy may increase overall morbidity and 
mortality (34,35). 

The role of PTR in the setting of unresectable metastatic 
disease is controversial. For midgut NETs, the goals of PTR 
include histological confirmation, resolution or prevention 
of obstruction, and potentially improvement of survival. A 
systematic review and meta-analysis of PTR in the setting 
of unresectable NELM suggested improvement in OS even 
in the setting of asymptomatic primary tumors (36) and 
this practice is generally recommended by both NANETS 
and ENETS for well-differentiated small intestine NETs 
(37,38). The decision to proceed with pancreatectomy in 
the setting of unresectable NELM can be more challenging, 
however, given the additional morbidity associated with 
pancreatic resection and the lower odds of symptom 
development from a pancreatic primary compared to an 
intestinal primary. Nevertheless, similar meta-analyses have 
suggested long-term survival gains associated with primary 
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pancreatic tumor resection in the setting of unresectable 
NELM (39). However, no randomized controlled trials 
have been performed on this topic and thus this evidence 
needs to be interpreted with caution. While significant 
methodologic biases likely confound the interpretation of 
all retrospective studies on this topic, the data supports at 
least consideration of PTR especially for healthy patients 
with low tumor burden.

Recurrent disease

Despite an excellent OS following surgical resection of 
NELM, most patients will experience recurrence of their 
disease, most commonly in the liver. In fact, the rate of 
disease recurrence after hepatic resection approaches 
50–95% (8,31) although statistical cure is possible among 
patients who undergo liver-directed surgery (40). Among 
patients who develop intrahepatic recurrence, >70% will 
occur within 3 years of surgery, and approximately 40% 
within one year (23,41). In other primary and metastatic 
tumors of the liver, multiple studies have highlighted 
the safety and relative efficacy of repeat hepatectomy for 
recurrent disease (42,43). Repeat hepatic resection for 
recurrent NELM is feasible and associated with good long-
term survival outcomes among well-selected patients (44). 
Non-surgical therapies are alternative options for recurrent 
liver metastases. 

Surgical considerations

Patient selection

Careful patient selection is imperative for optimizing 
short- and long-term outcomes of hepatic resection (Box 1).  
Patients should be evaluated along three domains: 
anatomic, biologic, and physiologic. First, in general, 
patient’s liver metastases should be amenable to complete 
or >90% resection. As discussed above, cytoreductive 
surgery when >70% of disease can be debulked may be 
considered especially for patients with functional tumors or 
with carcinoid syndrome. 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. Finally, patients should be healthy enough to 
undergo safely major hepatic resection with acceptable 
morbidity. For those patients with prohibitive or borderline 
comorbidities that cannot be optimized, other liver-directed 
therapies should be prioritized.

General guidelines exist for selecting NELM patients 
for hepatic resection. ENETS recommends the following 
criteria: 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 (37). 
However, given the unique biology of NETs, it is not 
uncommon for indications for surgery to fall outside these 
criteria. A common “off-label” indication for resection is 
palliation of large tumors in the setting of unresectable but 
low volume liver metastases (Figure 1). Another common 
“off-label” indication would be complete resection of 
NELM in the setting of minimal extrahepatic disease which 
would otherwise be treated with observation or somatostatin 
analogs (SSAs) alone without the liver burden. In both of 
these scenarios, surgery is an integral component of, and 
actually facilitates, the multidisciplinary management of 
metastatic NETs.

Prior to liver resection, patients should undergo a 
thorough medical history and physical examination with 
particular attention to symptoms of carcinoid syndrome as 
well as signs of liver insufficiency. Thin-slice triple-phase 
computed tomography (CT) and/or magnetic resonance 
imaging (MRI) is critical for surgical planning. In addition, 
all patients should have preoperative somatostatin receptor 
positron emission tomography (PET), most commonly 

Box 1 Eligibility criteria for hepatic resection of neuroendocrine 
liver metastases

Key points:

Evaluation for safe and beneficial hepatic resection should take 
place along three domains: anatomy, biology, and physiology

Liver metastases should be amenable to complete or >90% 
resection

Special consideration may be given for cytoreductive surgery 
when >70% of disease can be debulked

Hepatic resection should leave a future liver remnant with at 
≥2 contiguous segments with intact venous, arterial, portal 
venous, and biliary drainage that comprises at least 20–30% 
of standardized liver volume

Minimal or no extrahepatic disease should be present

The primary tumor should be resectable

In patients with prohibitive or borderline comorbidities that 
cannot be optimized, other liver-directed therapies should be 
prioritized
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68Ga-DOTATATE, to assess for extrahepatic disease and 
confirm presence of somatostatin receptors (45). Previous 
studies have demonstrated that neuroendocrine PET 
commonly identifies additional hepatic and/or extrahepatic 
metastases that may influence treatment decision making 
(46,47) (Figure 2). Laboratory tests should include basic 
complete blood count, complete metabolic profile, and 
coagulation profile as well as neuroendocrine hormones 
such as chromogranin A as indicated. Patient health and 
functional status should be assessed and optimized as 
needed.

Perioperative management

With advances in patient selection, anesthetic medicine, 
and perioperative care, the safety of complex liver surgery 
is increasing (48). However, several specific considerations 
should be undertaken for patients with neuroendocrine 
tumors. First, patients with NELM are at risk for carcinoid 
crisis (49). While the incidence of carcinoid crisis is low, 
some clinicians recommend the use of perioperative 
octreotide given that the disadvantages and cost of 
administration are relatively low and the consequences 
of developing a carcinoid crisis potentially catastrophic. 
Controversy exists over the appropriate perioperative 
dosage as well as its actual efficacy (50). In addition, some 
surgeons do not routinely administer octreotide for patients 
with asymptomatic PNET NELM, especially those patients 
with a low burden of disease. 

Standard surgical principles of liver surgery apply for 
NELM, namely prioritizing low central venous pressure 
anesthesia, minimizing blood loss, knowledge of liver 

anatomy, generous use of intraoperative ultrasound, as well 
as safe parenchymal transection techniques and practices 
to avoid bile leakage. For combined operations, liver-
directed surgery is often prioritized to be completed first 
in order to take advantage of low central venous pressure. 
Minimally invasive approaches are increasingly being used 
for hepatic surgery and are acceptable for certain patients 
with NELM (51). Enhanced recovery programs are also an 
important part of complex hepatic surgery programs that 
hasten recovery and shorten length of hospital stay; these 
should be implemented for patients with NELM (52).

Given the frequent multifocality of NELM and the fact 
that preoperative imaging often underestimates the number 
of tumors, the liver should be thoroughly evaluated for 
occult metastases. Intraoperative ultrasound is essential 
to order identify all visible tumors; it is also useful for 
image-guided ablation. Novel methods of intraoperative 
localization are currently being evaluated (53). Following 
surgery, patients should be followed with cross-sectional 
imaging and tumor markers every 3–12 months (17).

Neoadjuvant and adjuvant treatment strategies

Given the high rate of recurrence following hepatic 
resection of NELM (8,31), the use of multimodality 
therapeutic strategies to improve patient selection for 
surgery and reduce the development of recurrent disease 
are appealing. Although significant progress has been in 
made in recent years with regards to medical therapies 
for patients with unresectable or progressive metastatic 
disease (54-57), little research has been conducted on 
strategies for preventing recurrence in high risk NETs. 

Figure 1 Large grade 2 neuroendocrine liver metastasis replacing the majority of the right liver. Despite the presence of small left-sided 
liver metastases and bone metastases, right hepatectomy was considered the best initial option to control the disease.
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This is an important goal, though, since tumor recurrence 
is one key factor independently associated with disease-
specific mortality among patients with non-functional 
well-differentiated NETs, and perhaps the only one that is 
potentially modifiable (58). Indeed, a recent international 
consensus conference on NELM highlighted the need for 
clinical trials on adjuvant therapy strategies (13).

While few studies have investigated the use of adjuvant 
therapy following resection of NELM (59), a few studies 
have reported on the use of neoadjuvant therapies for 
patients with P-NELM. Most case reports have highlighted 
the use of non-surgical therapies to downstage patients in 
order to facilitate resection of NELM (60). Cloyd et al. 
reported a single institution retrospective experience of 
neoadjuvant fluorouracil, doxorubicin, and streptozocin 
prior to the resection of P-NELM and reported improved 
OS compared with immediate surgery, especially among 
patients with synchronous disease (61). Preliminary 

evidence suggests that the orally-available regimen 
capecitabine and temozolomide is also associated with 
excellent response rates and long-term outcomes prior to 
resection of P-NELM (62). Additional research is needed 
to clarify the potential benefits of neoadjuvant and adjuvant 
therapies for patients with P-NELM, as well as appropriate 
selection criteria.

Liver-directed therapies

For patients who are not surgical candidates, due to 
either patient performance status or burden of liver 
disease, several liver-directed therapies are available to 
assist with locoregional control, extend PFS, and improve 
symptoms of carcinoid syndrome. For those patients with 
oligometastatic disease, percutaneous ablation, either 
radiofrequency or microwave, can be used. Outcomes 
are optimized among patients with tumors <3 cm away 

Figure 2 Cross-sectional imaging demonstrating the increased sensitivity of 68Ga-DOTATATE positron emission tomography (PET) 
compared to computed tomography (CT) imaging. (A) A representative coronal slice of a CT scan demonstrating a small hepatic lesion; (B,C) 
representative coronal slices of a gallium PET scan in the same patient that demonstrated a focal area of increased radiotracer uptake at the 
mid pancreatic body; multiple abnormal areas of increased radiotracer uptake within the right hepatic liver; increased radiotracer uptake 
throughout multiple nodal stations; multiple small soft tissue nodules with increased radiotracer activity throughout the retroperitoneum, 
mesentery, and pelvis, consistent with metastatic deposits; and focal area of increased radiotracer uptake at the C7/T1 neuroforamina.

A B C
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from major vascular structures. For patients with multiple 
tumors, especially bilobar disease, transarterial therapies 
are usually indicated (63). Transarterial embolization 
(TAE) can be performed bland (64) or in conjunction with  
chemotherapy (65) (i.e., transarterial chemoembolization, 
TACE) or yttrium-90 (66) (transarterial radioembolization, 
TARE). There is currently insufficient evidence to conclude 
superiority of one transarterial approach over others, 
though some evidence suggests conventional TACE 
may result in improved long-term outcomes compared 
with TARE, potentially at the expense of increased early 
complications (67).

Despite the efficacy of liver-directed therapies in 
controlling symptoms and prolonging survival, in general, 
this therapeutic approach is not curative. Therefore, liver 
transplantation (LT) has long held appeal as a potentially 
curative surgical option for patients with unresectable 
NELM (68). However, given the shortage of available 
organs, the frequency of extrahepatic metastatic disease, and 
incomplete evidence to define its role in the management 
of metastatic NETs, LT has been utilized relatively 
infrequently for NELM. 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 (2,69). General guidelines for 
the selection of patients with NELM for LT have been 
previously outlined (70). However, additional larger scale 
research is needed to define the optimal indications for and 
outcomes of LT for P-NELM before it can be used more 
routinely. 

Systemic therapies

Multiple systemic therapy options exist for patients with 
metastatic PNET (71). While often prioritized for those 
patients with advanced or progressive disease, systemic 
therapies can also be utilized for individuals with isolated 
NELM in addition to or in lieu of liver-directed therapies. 
Often the initial treatment for patients with low-volume 
well-differentiated tumors, SSAs lead to improved 
PFS and effectively control the symptoms of hormonal 
overproduction (54,72). Although cytotoxic chemotherapy 
is more commonly used for patients with high grade 
neuroendocrine carcinoma, it has been recognized for 
several decades that well-differentiated PNETs respond 
to streptozocin-based chemotherapy regimens (73). More 
recent evidence suggests that the combination capecitabine/
temozolomide is efficacious and has the advantage of being 
orally available (74). Furthermore, advances in the molecular 

understanding of PNETs have led to the development of 
multiple novel targeted therapies (71). For example, both 
sunitinib malate, an oral, small molecule, multitargeted 
tyrosine kinase inhibitor initially approved for the 
treatment of advanced renal cell carcinoma and refractory 
gastrointestinal stromal tumors, as well as everolimus, 
an oral inhibitor of the mammalian target of rapamycin 
(mTOR), are specifically approved for use in metastatic 
PNETs (55,56). Finally, peptide receptor radionuclide 
therapy (PRRT) delivers SSA-bound radionuclides 
selectively to somatostatin receptor positive tumors and 
is now approved for use in the United States based on the 
results of the NETTER-1 trial (57). Ongoing research is 
currently investigating novel radiopharmaceuticals as well 
as targeted therapies, checkpoint inhibitors, and oncocytic 
viruses (71).

Conclusions

In conclusion, PNETs are a heterogeneous neoplasm 
occurr ing  wi th  r i s ing  f requency  that  commonly 
metastasize to the liver. Patients with P-NELM require a 
comprehensive evaluation and a multidisciplinary approach. 
For eligible patients, hepatic resection is recommended 
as it is associated with the best long-term outcomes and 
excellent QOL. Surgical resection may be appropriate 
even in the setting of an unresectable primary tumor, low-
volume indolent extrahepatic disease, or when only >70% of 
liver metastases can be debulked. However, prospective 
clinical trials are scarce and significant evidence gaps 
exist. Fortunately, multiple liver-directed and systemic 
treatment options exist for those patients who are not 
surgical candidates or develop recurrent disease. A 
systematic approach in a multi-disciplinary setting is 
likely to afford the best long-term outcomes for patients 
with P-NELM. Ongoing research is needed to determine 
the optimal patient selection for hepatic surgery as well 
as the ideal treatment sequencing for those patients with 
P-NELM.
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