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Abstract
Pancreatic neuroendocrine tumors (PNETs) are a 
rare and diverse group of tumors; nonfunctional 
(NF) PNETs account for the majority of cases. Most 

patients with NF-PNETs have metastatic disease 
at the time of presentation. A variety of treatment 
modalities exist, including medical, liver directed, and 
surgical treatments. Aggressive surgical management 
is associated with prolonged survival, however 
available data are limited by selection bias and the 
frequent combination of PNETs with carcinoid tumors. 
Although few patients with metastatic disease will be 
cured, application of currently available therapies in a 
multidisciplinary setting can lead to excellent outcomes 
with prolonged patient survival.
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Core tip: Treatment options for patients with neuro
endocrine tumors of the pancreas have increased 
in recent years. Surgical management remains an 
important component of treatment and is associated 
with prolonged survival, however high level data 
supporting specific treatment approaches are limited. 
Although few patients with metastatic disease will 
be cured, application of available therapies in a 
multidisciplinary setting can lead to excellent outcomes 
with prolonged patient survival.
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INTRODUCTION
Pancreatic neuroendocrine tumors (PNETs) are 



rare neoplasms accounting for 1% to 2% of all 
pancreatic tumors[1,2]. PNETs are thought to arise 
from pluripotent cells in the pancreatic ductal/acinar 
system rather than from islet cells as the previously 
favored terminology, islet cell tumors suggested[3]. The 
unique ability of pancreatic neuroendocrine tumors to 
synthesize and secrete hormones and neuropeptides 
results in a variety of clinical syndromes of hormone 
hypersecretion. Zollinger-Ellison syndrome resulting 
from excess gastrin production and hyperinsulinemia 
are the most common of these[4]. However, so-called 
functional pancreatic neuroendocrine tumors account 
for a minority of PNETs. Tumors not associated 
with overt clinical symptoms of hypersecretion, 
nonfunctional pancreatic neuroendocrine tumors (NF-
PNETs), account for 60% to 90% of PNETs[1,2,5-9]. 
NF-PNETs are biologically diverse and tumor grade 
is a dominant predictor of outcome[10,11]. While the 
majority of PNETs occur sporadically, they may 
also be associated with various inherited disorders 
including MEN 1, Von Hippel-Lindau syndrome, 
neurofibromatosis 1, and tuberous sclerosis[4]. While 
PNETs associated with familial syndromes are typically 
considered more indolent than sporadic tumors, 
patients with familial syndromes are at higher risk for 
multifocal tumors ranging from multiple pancreatic 
microadenomas to large, malignant tumors[4]. 

Despite a high rate of hepatic metastases at 
diagnosis, NF-PNETs are associated with a more 
favorable prognosis compared to many other gastro
intestinal malignancies. Overall, 5-year survival varies 
from 27% to 33% in large series[1,2]. However, several 
groups have reported that aggressive management 
is associated with more favorable outcomes, even 
in patients with liver metastases. A recent SEER 
database review of over two thousand patients with 
NF-PNETs by Franko and colleagues demonstrated 
that median survival was 4.8 years when patients 
with metastatic disease underwent aggressive surgical 
management, compared to 1 year in patients who 
did not undergo resection[1]. Unfortunately, fewer 
than half of all patients with metastatic NF-PNETs are 
candidates for resection of their primary tumors or 
liver metastases[1]. Furthermore, in patients who do 
undergo aggressive surgical management, recurrence 
is frequent. Improved survival in such patients 
suggests a role for surgical debulking in selected cases, 
but there is limited high-level evidence supporting 
such an approach. Moreover, many larger studies of 
NETs combine data from patients with neuroendocrine 
tumors from pancreatic and non-pancreatic primary 
sites, complicating interpretation. The recent intro
duction of more effective systemic agents, growing 
experience with liver directed therapies, and the 
absence of high quality comparative data further cloud 
efforts to establish a consensus approach.

This review aims to address controversies in the 
treatment of metastatic NF-PNETs with a critical 
assessment of the existing literature. A two-part case 

report from our institution is presented as a means of 
framing this discussion.

CASE REPORT (PART 1)
A 55 year-old, previously healthy female presented to 
her primary care physician complaining of intermittent 
epigastric pain. Right upper quadrant ultrasound 
demonstrated liver tumors. A follow-up contrast 
computed tomography (CT) scan revealed multiple 
enhancing lesions in both the right and left lobes of her 
liver, the largest lesion in segment 2 measuring 3 cm × 
5 cm. Focal thickening in the mid-body of the pancreas 
with associated dilation of the distal pancreatic duct 
and atrophy of the pancreatic tail was also noted. 

Laboratory studies revealed mildly elevated 
transaminases with a normal serum bilirubin. Serum 
chromogranin A and fasting pancreatic polypeptide 
levels were significantly elevated at 110 ng/mL and 837 
pg/mL respectively, and serum serotonin levels were 
measured at the upper limits of normal. CT guided core 
biopsy of a representative hepatic lesion demonstrated 
pathology consistent with a well-differentiated 
neuroendocrine tumor. Octreotide scintigraphy 
demonstrated uptake in the previously mentioned 
lesions without any evidence of other metastases.

Apart from intermittent abdominal pain, the patient 
was asymptomatic. She denied flushing or diarrhea, 
history of peptic ulcer disease or hyper-/hypoglycemia. 
On initial surgical consultation, the hepatic lesions 
were deemed unresectable given their distribution 
throughout all segments of the liver (Figure 1).

QUESTION 1: WHEN IS SYSTEMIC 
THERAPY INDICATED?
Somatostatin analogs
Somatostatin is a 14-amino acid regulatory peptide. 
Somatostatin and its long-acting analogs octreotide 
and lanreotide act to down-regulate neurotransmission, 
hormone secretion, and cell proliferation in the myriad 
cells bearing the G-protein coupled somatostatin 
receptor, including pancreatic neuroendocrine cells[12]. 
Somatostatin and its analogs effectively decrease 
hormone secretion from metastatic carcinoid tumors 
and functional PNETs, especially glucagonomas and 
VIPomas, often leading to improved quality of life[13,14]. 
Until recently, the benefit of somatostatin analogs in 
the treatment of metastatic NF-PNETs was less clear. 
The anti-proliferative role of somatostatin in normal 
physiology led to speculation that somatostatin analog 
therapy might improve progression-free survival 
and overall survival in patients with NF-PNETs. Of 
the studies investigating the anti-tumor effects of 
somatostatin analogs, only two, the PROMID and 
the CLARINET trials, were randomized and placebo 
controlled[15,16].

The PROMID trial studied the use of monthly 
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depot injections of octreotide LAR in 85 treatment 
naïve patients with unresectable, well-differentiated 
midgut NETs. Of these 85 patients, 73 had hepatic 
metastases, 56 had previously undergone resection of 
the primary tumor, and 33 had carcinoid syndrome at 
the time of randomization. The investigators were able 
to confirm the anti-proliferative effect of octreotide, 
as demonstrated by significantly fewer progressions 
or tumor-related deaths in the octreotide LAR group 
(26 vs 40 in the placebo group, HR = 0.34, 95%CI: 
0.20-0.59, P = 0.000072). Median time to tumor 
progression, or progression-free survival as assessed 
by Response Evaluation Criteria In Solid Tumors 
(RECIST), was also significantly longer following 
octreotide therapy as compared to placebo (14.3 mo 
vs 6.0 mo). Subgroup analysis demonstrated that 
patients with functionally active and inactive tumors 
responded similarly, whereas the antiproliferative effect 
was more pronounced in patients with a resected 
primary tumor and patients with low (≤ 10%) hepatic 
tumor burden[17]. Although only patients with midgut 
neuroendocrine tumors were included in this study, 
it did provide additional rationale for the application 
of somatostatin analog therapy in patients with 
metastatic neuroendocrine tumor from other primary 
sites.

The CLARINET trial, investigated the use of 
lanreotide in patients with unresectable or metastatic 
NETs. A total of 204 patients with sporadic, well-to 
moderately-differentiated, nonfunctioning tumors from 
a variety of primary sites, including pancreatic, midgut, 
and hindgut were randomized to receive either once-
monthly placebo or Lanreotide depot injections. Both 
groups were followed for 24 mo. At the completion of 
the study, progression-free survival was significantly 
prolonged with lanreotide as compared to placebo, 
with 65.1% of patients in the treatment group showing 
no progression at 24 mo as compared to 33.0% in the 
placebo group. Subgroup analysis suggested improved 
progression-free survival among patients whose 
primary arose in the pancreas, but the difference 

between the treatment and placebo groups in this case 
fell short of statistical significance (HR = 0.58, 95%CI: 
0.34-1.02). Patients with midgut primaries derived the 
greatest benefit from lanreotide, with a statistically 
significant HR of 0.35[16].

As high quality, randomized, placebo-controlled 
trials, the PROMID and CLARINET studies provided 
evidence that somatostatin analogs have anti-
proliferative effects in non-functional neuroendocrine 
tumors arising in the midgut and in a group of 
mixed patients with midgut and pancreatic primary 
tumors, respectively. Despite the lack of randomized 
data specifically indicating improved progression-
free survival in the NF-PNET subgroup, the use of 
somatostatin analogs has been widely embraced as 
a safe and well-tolerated initial systemic therapy for 
these patients.

Small molecule kinase inhibitors
Activating mutations in several different protein 
kinases have been implicated in the tumorigenesis 
of NF-PNETs. In particular, receptor tyrosine kinases 
(RTKs) have been implicated in the abnormal 
signal transduction cascades that contribute to the 
unchecked proliferation of PNETs. These RTKs include 
the receptors for platelet-derived growth factor 
(PDGFRs) and vascular endothelial growth factor 
receptors (VEGFRs), which play a role in both tumor 
angiogenesis and tumor cell proliferation[17-20]. It is 
hypothesized that the simultaneous inhibition of these 
targets leads to reduced tumor neovascularization, 
thus inhibiting tumor growth.

This hypothesis was tested using sunitinib, an 
oral, small-molecule, RTK inhibitor of PDGFR and 
VEGFR. In a randomized, double-blind, placebo-
controlled trial, 171 patients with unresectable 
and/or metastatic PNETs were assigned to receive 
either once-daily oral sunitinib or placebo. Disease 
progression was evaluated using RECIST criteria. A 
statistically significant improvement in progression-
free survival was observed in the treatment group, 
with a median progression-free survival of 11.4 mo as 
compared to 5.5 mo with placebo. Subgroup analysis 
demonstrated that sunitinib’s impact on progression-
free survival was even greater for those patients with 
non-functioning tumors, with a statistically significant 
HR of 0.26 in the treatment group as compared 
to placebo. Interestingly, a statistically significant 
benefit from sunitinib could not be demonstrated for 
patients with functional tumors (HR = 0.75, 95%CI: 
0.3-1.84)[21].

mTOR, a serine-threonine kinase, stimulates cell 
growth, proliferation, and angiogenesis. In PNETs, the 
aberrant activation of the mTOR signaling pathway 
via insulin-like growth factor has been implicated as 
a driving force for unchecked growth[22]. Yao et al[23] 
investigated the use of everolimus, an oral mTOR 
inhibitor, in a randomized, placebo-controlled trial of 
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Figure 1  Computed tomography abdomen and pelvis with contrast 
showing multiple enhancing liver lesions and a probable primary tumor in 
the pancreatic body.

Folkert IW et al . Multidisciplinary management of nonfunctional PNETs



(CAPTEM) has received particular interest in the recent 
literature. In a retrospective study of 30 patients with 
metastatic PNETs, Strosberg et al[32] demonstrated an 
objective partial response in 70% of patients treated 
with CAPTEM. The median progression-free survival 
was 18 mo among their cohort, which included 22 
patients with nonfunctional tumors. This combination 
was also very well tolerated among patients included 
in the study, with only 4 patients (12%) requiring dose 
reductions due to adverse events.

Chan et al[30] also demonstrated the efficacy of 
temozolomide in combination with everolimus in a 
prospective trial of 43 patients with unresectable 
or metastatic PNETs. Using RECIST criteria, these 
investigators were able to document a partial response 
in 40% of patients and a median progression-free 
survival of 15.4 mo. The functional status of each 
patient’s tumor was not reported, however, and 
therefore the differential response of functional vs 
nonfunctional tumors could not be assessed. Study 
participants experienced toxicities at the rate expected 
for each drug alone, and there was no evidence of any 
synergistic toxicity.

Apart from alkylating agents, promising results 
have also been shown in some retrospective trials 
for pyrimidine analogs such as 5-FU, capecitabine 
and gemcitabine, and the platinum-containing agent 
oxaliplatin[26,28,33,34]. In a recent retrospective study, 
patients receiving a combination of gemcitabine and 
oxaliplatin (GEMOX) were compared to patients treated 
with alkylating agents. Among the 37 patients with 
unresectable or metastatic PNETs receiving the GEMOX 
regimen, 38% demonstrated a tumor response, and 
the median progression-free survival was 7.3 mo[34]. 
While this retrospective trial demonstrated the GEMOX 
regimen to be slightly less effective than the previously 
published trials of alkylating agents, the positive 
results obtained with GEMOX will likely drive future 
prospective investigations of both platinum containing 
agents and pyrimidine analogs in the treatment of 
PNETs.

Peptide receptor radionuclide therapy 
Peptide receptor radionuclide therapy (PRRT) targets 
the somatostatin receptor with radiolabeled soma
tostatin analogs consisting of three components: a 
cyclic octapeptide, a chelator, and a radionuclide[35]. 
PRRT has been widely used in Europe for patients with 
metastatic neuroendocrine tumors as well as in the 
neoadjuvant and adjuvant settings[35,36]. [90Y-DOTA0,Tyr3] 
octreotide and [177Lu-DOTA0,Tyr3] octreotate, the 
two main compounds currently in use, are roughly 
equivalent in their complete and partial response rate 
(10%-30%). However, treatment with [90Y-DOTA0,Tyr3] 
octreotide is associated with a significantly higher risk of 
nephrotoxicity, and the kidneys are generally the dose-
limiting organ for PRRT[35]. 

410 patients with intermediate-grade, unresectable 
and/or metastatic pancreatic neuroendocrine tumors. 
Median RECIST-defined progression-free survival 
was 11.0 mo in the once-daily everolimus group, as 
compared with 4.6 in the placebo group, with a HR of 
0.35 for disease progression or death with everolimus 
as compared to placebo. While 76% of study 
participants had non-functional tumors, there was no 
subgroup analysis performed to define the efficacy of 
everolimus specifically in this subset of patients.

The demonstrated efficacy of both everolimus and 
sunitinib in relatively large, high-quality, randomized, 
controlled trials suggests a role for these agents in 
the multimodal treatment of patients with PNETs. 
Despite proven efficacy in delaying progression, the 
impact on long-term survival, and specific clinical 
indications for these agents remain poorly defined.

Cytotoxic chemotherapy
While somatostatin analogs and targeted protein 
kinase inhibitors share the benefit of excellent 
tolerability and improve progression free survival in 
patients with PNETs, neither class of medication has 
proven tumoricidal properties or induces treatment 
response as measured by tumor size[21,23]. In contrast, 
cytotoxic agents - especially alkylating agents, 
platinum containing drugs and pyrimidine analogs 
- have proven efficacy in decreasing tumor burden 
and lengthening progression-free survival in several 
retrospective and a few small prospective trials.

Among alkylating agents, streptozotocin is the 
most studied, and was the first drug approved for 
the treatment of PNETs. First used to treat PNETs 
as described by Broder in 1973, streptozotocin has 
been demonstrated to be effective in a number of 
prospective trials, especially when combined with 
other cytotoxic drugs of different classes[24-28]. In a 
prospective trial by Moertel et al[26], streptozotocin 
in combination with doxorubicin demonstrated an 
objective tumor response, defined as radiologic 
evidence of decreased tumor size or improvement 
in endocrine abnormalities, in 69% of 38 patients 
with unresectable or metastatic PNETs. They also 
reported a median progression-free survival of 18 
mo among study participants. The subset of patients 
with nonfunctional tumors demonstrated a similar 
response, although this result did not achieve statistical 
significance.

While effective, the widespread use of streptozotocin 
has been significantly limited by its difficult dosing 
schedule and toxicity. More recent prospective studies 
have investigated the use of the better-tolerated, orally 
available alkylating agent temozolomide in combination 
with various other agents including capecitabine, 
bevacizumab, thalidomide, and everolimus, with 
promising results[29-32]. 

The combination of temozolomide and capecitabine 
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QUESTION 2: WHEN IS SURGERY 
INDICATED?
Early localized disease
Surgery is the cornerstone of treatment for localized 
NF-PNETs and has also been advocated in the setting 
of metastatic disease when all, or most, gross disease 
can be removed. In both institutional case series and 
large database analyses, surgery has been correlated 
with improved survival at every disease stage[1,37-46]; 
albeit, the potential influence of selection bias on 
outcomes is substantial in many studies. Conversely, 
expectant or conservative management strategies 
in patients with small primary tumors, inherited 
syndromes at high risk of multifocal disease, or limited 
stable hepatic metastases has also been advocated by 
various groups.

Expectant management for small NF-PNETs 
has long been supported for patients with inherited 
syndromes such as MEN-1, von Hippel-Lindau, and 
neurofibromatosis. Low rates of progression or 
metastasis have been shown in multiple series of 
patients with MEN-1 and tumors less than 2 cm and 
von Hippel-Lindau syndrome with primary tumors 
less than 3 cm without a mutation of exon 3[47-52]. 
Recent data on the natural history of small primary 
tumors in patients with NF-PNETs support expectant 
management in selected sporadic patients as well, 
although the absolute size threshold for resection 
remains controversial. 

In one observational study of the natural history of 
sporadic, asymptomatic, well-differentiated NF-PNETs 
less than 2 cm in size, none of the 41 patients followed 
with serial imaging developed evidence of distant or 
nodal metastases during the median follow-up period 
of 34 mo. Only 13% of patients demonstrated a 20% 
or greater increase in tumor size during the follow-
up period, and 17% of patients ultimately underwent 
surgery. Of those who had surgery, all lesions were T 
class 1 (n = 7) or 2 (n = 1), grade 1, node negative, 
and without evidence of vascular or peripancreatic 
invasion, suggesting that in selected asymptomatic 
patients with small primary tumors, expectant 
management is safe and may spare some patients the 
morbidity associated with pancreatic resection. Also 
of note, of those patients who underwent surgery, 
including five patients who elected to undergo surgery 
at the initial time of diagnosis, the overall morbidity 
was 62%, primarily due to pancreatic fistula[40]. 

Another retrospective study by Lee and colleagues 
described 133 patients with NF-PNETs less than 4.0 
cm in size without evidence of metastatic disease and 
found no evidence of significant tumor growth on serial 
imaging or disease-specific morbidity or mortality in 
patients managed without resection during a mean 
follow-up period of 48 mo. Of the 56 patients who 
underwent surgical resection, there was no evidence 
of recurrence or disease-specific mortality. However, 

46% of patients undergoing resection suffered a 
complication, with pancreatic leak being the cause in 
over half of cases[53]. 

There has also been significant interest in pa
renchyma preserving surgery as an alternative to 
radical pancreatic resection for small tumors with no 
preoperative evidence of malignancy. Such approaches 
may be associated with increased risk of pancreatic 
fistula but less risk of endocrine and exocrine 
insufficiency compared to more extensive pancreatic 
resections[54,55]. This is particularly important in the 
context of familial syndromes such as MEN-1, von 
Hippel-Lindau, and neurofibromatosis, as patients with 
these syndromes are more likely to have multifocal or 
recurrent disease and may require multiple surgeries 
throughout their lifetimes. In a retrospective study 
of 50 patients with small (median 1.4 cm) NF-
PNETs treated with either enucleation or central 
pancreatectomy, Falconi and colleagues confirmed 
a low rate of exocrine and endocrine insufficiency 
(8% each). Interestingly, despite the fact that all 
of the patients included in the study had imaging 
which demonstrated no evidence of locoregional or 
distant metastases at the time of surgery, 3 patients 
(6%) in the study were determined to have lymph 
node metastases at the time of surgery. A total of 
4 patients, 2 of whom had positive lymph nodes at 
the time of operation, developed hepatic metastases 
after a mean interval of 68 mo. Despite a low risk of 
endocrine and exocrine insufficiency, however, these 
operations were associated with a substantial risk of 
pancreatic fistula (50%)[56]. Results similar to these 
were shown in a series of patients who underwent 
laparoscopic enucleation of small NF-PNETs. In this 
series 30 consecutive patients were treated with 
laparoscopic enucleation and local lymph node 
sampling. Thirteen patients had tumors smaller than 
3 cm, with no preoperative evidence of loco-regional 
metastases on imaging. Three patients with localized 
tumors had lymph node metastases identified at the 
time of surgery and underwent a more extensive 
lymphadenectomy, and a fourth patient developed 
late hepatic metastases. Five patients developed a 
pancreatic fistula[57]. 

While these data support the safety and good long-
term functional outcomes associated with pancreatic 
enucleation, the rates of lymph node metastases 
and late hepatic metastases among patients with 
small, benign-appearing tumors was significant 
in both series. These data raise the concern that 
simple tumor enucleation, especially in the absence 
of lymphadenectomy, incurs a risk of understaging 
and may represent a missed opportunity for more 
complete resection. In fact, in a series of 177 patients 
with NF-PNETs published by Bettini et al[58], the rate of 
lymph node metastases from tumors smaller than 2 
cm was 19% after any type of resection with routine 
lymphadenectomy.
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Locally advanced disease
Given the proclivity of NF-PNETs for distant spread, 
locally advanced disease in the absence of metas
tatic disease is fairly uncommon. Nonetheless, the 
occasional patient presents with a bulky primary 
tumor that invades adjacent organs or surrounding 
vessels without evidence of metastases. Numerous 
studies have suggested that surgical resection is 
associated with prolonged survival in patients with 
PNETs[1,5,8,11,12,37-39,41,43-46,59-61]. There is a paucity of 
data, however, to guide the clinician in situations 
where the primary NF-PNET invades adjacent organs 
or vasculature. Several series have suggested a role 
for multi-visceral, en-bloc resection of large PNETs 
that have invaded adjacent organs[46,62,63]. While such 
resections are both feasible and often associated 
with prolonged survival in retrospective series, there 
is an inherent selection bias in the patients selected 
for surgery and there are no randomized, controlled 
trials evaluating aggressive surgical management 
compared to optimal medical management in patients 
with locally advanced disease. 

Resection of tumors with vascular involvement has 
been extensively explored in the setting of pancreatic 
adenocarcinoma. Concomitant vascular reconstructions 
have entered the surgical mainstream for the mana
gement of pancreatic adenocarcinoma in selected 
patients, with varied results[64-66]. Given the potential 
for long-term survival following resection, aggressive 
surgical management of locally advanced PNETs may 
well be justified. Data, however, are limited to small 
retrospective case series. Published reports of resection 
of PNETs with major vascular involvement suggest 
feasibility and favorable overall and disease-free 
survival[67,68]. The largest of these series, from Norton 
and colleagues, includes 44 patients with PNETs either 
abutting or encasing the IVC, portal vein, SMV, SMA, 
or splenic vein that underwent surgical resection. Upon 
operation only 9 of the 42 patients that had resection 
of their tumor required vascular reconstruction, 
far fewer than the authors anticipated based on 
preoperative imaging studies. As the authors note, 
despite radiologic suggestion of abutment or even 
invasion of vascular structures, vascular involvement 
was often not found at the time of surgery, and even 
in those patients with partial encasement, surgical 
resection could often be performed without vascular 
reconstruction. In this series, patients who underwent 
resection of PNETs had 10 year overall survival of 60% 
and disease free survival of 30%. For the 14 patients 
with nonfunctional tumors, however, survival was 
significantly lower, though there was no difference in 
disease-free survival[67]. 

Resectable primary tumors with unresectable hepatic 
metastases
Over half of patients with NF-PNETs have hepatic or 
distant metastases at the time of diagnosis[1,61,69,70]. 

Hepatic metastases from pancreatic neuroendocrine 
tumors are often bilobar and multifocal[41]. Given the 
sometimes indolent nature of NF-PNETs, the potential 
for local complications of enlarging pancreatic tumors 
(e.g., pancreatic duct obstruction or vascular invasion) 
and the precedent of aggressive surgical management 
of midgut neuroendocrine tumor primaries, several 
groups have advocated for resection of PNET primaries 
even in the face of extensive hepatic disease. 

Franko et al[1] published a retrospective review 
of the SEER database including over 600 patients 
with metastatic NF-PNETs. Among those patients 
with unresectable hepatic metastases, those that 
had only their primary tumors resected experienced 
significantly longer median survival when compared 
to those patients that did not have surgery for either 
their primary or their metastases (1.0 years vs 
4.8 years, P < 0.001). Several other series in the 
literature have also addressed this question, with 
varied results[71-74]. One of the largest series, from 
Solorzano and colleagues, included 96 patients with 
unresectable hepatic metastases from NF-PNETs. Of 
these 96 patients, 16 underwent resection of their 
primary tumors while the remaining 80 patients 
had no surgery at all. Median survival was 3.0 years 
among the group that had their primary tumors 
resected and 1.8 years among the group that had no 
surgery, however this survival difference did not reach 
statistical significance[61]. 

In a large retrospective analysis of the impact of 
surgical resection on patients with PNETs, Hill et al[39] 
demonstrated a significant survival advantage in 
patients with distant/metastatic disease undergoing 
surgical resection of their primary tumor vs those 
that were recommended surgery but were ultimately 
not resected (60 mo vs 31 mo, P < 0.001). They 
demonstrated a survival benefit from resection of the 
primary tumor in patients with localized, regional, and 
metastatic disease compared to controls who were also 
recommended surgery but for various reasons did not 
undergo resection. Given the available data, resection 
of the pancreatic primary tumor in selected patients 
with unresectable hepatic metastases may offer a 
survival advantage or prevent rare local complications 
such as pancreatic duct obstruction and vascular or 
adjacent organ invasion. Other factors such as age, 
functional status, burden of metastatic disease, and 
anatomic location of the primary tumor must be taken 
into consideration. 
 
Liver debulking
Complete resection of all visible or imaged liver 
metastases is often not possible[61]. Moreover, frequent 
recurrence in the liver suggest the presence of 
additional subclinical metastases in many patients[75]. 
Traditionally, surgery for hepatic metastases has been 
recommended in patients thought to be candidates 
for curative resection or for palliation in cases where 
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greater than 90% debulking could be performed[76,77]. 
Although aggressive surgical debulking is thought to 
prolong survival in patients with hepatic metastases, 
specific criteria for patient selection remain elusive 
and several series have suggested that patients with 
more than 50% liver involvement or bilobar liver 
involvement have poor outcomes and are less likely to 
benefit from surgery[41,45,77]. 

Several groups have investigated the merits of 
hepatic tumor debulking in patients with neuroendocrine 
tumor metastases. In an institutional review of 72 
patients with hepatic metastases from NF-PNETs by 
Cusati et al[77], the authors demonstrated that patients 
who had their primary tumors completely resected 
and 90% of hepatic metastases debulked had 5-year 
survival rates of 48.1%. There was a trend toward 
better 5-year survival (69.6%) in patients that 
underwent putative R0 resection of both the primary 
tumor and liver metastases, however this result did not 
achieve statistical significance. Other institutional case 
series have suggested a survival benefit for debulking 
of hepatic metastases from PNETs, and, like the Cusati 
series, have shown no significant difference between 
R2/R1 and R0 resection[45,78-82]. A likely explanation for 
this is the frequent presence of at least microscopic 
miliary metastatic disease in patients with metastatic 
NET. This pattern, supported by pathologic studies, 
belies the concept of an R0 resection and explains the 
near uniform in-liver recurrence rate documented in 
other clinical series[75,83].

QUESTION 3: WHEN ARE NON-
SURGICAL LIVER DIRECTED THERAPIES 
INDICATED?
A large subset of patients with NF-PNETs present with 
unresectable liver metastases. Liver directed therapies 
including hepatic trans-arterial embolization (TAE), 
chemoembolization (TACE), or radioembolization 
using yttrium-90 microspheres (RE) are increasingly 
utilized approaches in such patients. Because PNET 
metastases are highly vascular and derive the vast 
majority (> 90%) of their oxygen and nutrients 
from hepatic arterial blood supply, trans-arterial 
therapies are especially appealing[84]. Additionally, 
the increasing availability of these approaches has 
led to their application in resectable cases as well. 
Advocates for broader application of trans-arterial 
therapies site safety and efficacy without the need for 
general anesthesia or an abdominal incision. Moreover, 
the high rate of recurrence after liver resection for 
metastatic PNET may favor minimal access approaches 
in patients for who near complete debulking cannot 
be achieved surgically. Although there are no 
randomized, controlled trials comparing TAE/TACE/RE 
and surgery in the treatment of metastatic pancreatic 
neuroendocrine tumors consensus guidelines, meta-
analyses, cohort studies and retrospective reviews 

guide the implementation of these therapies.
In a recent meta-analysis comparing surgery to 

all non-surgical therapies, including trans-arterial 
as well as medical therapies for patients with both 
functional and non-functional PNETs, liver resection 
was demonstrated to be superior to non-surgical 
treatments, with improved 2, 3, and 5 year survival 
rates, and no difference in 30-d mortality[85]. In a 
large, multi-center, retrospective review that examined 
surgery and/or ablation vs intra-arterial therapies 
specifically, patients undergoing intra-arterial therapies 
as primary treatment were significantly more likely 
to have an unknown primary tumor, extra-hepatic 
disease, bilateral hepatic disease, and to have > 25% 
liver involvement than patients treated with surgery. 
After propensity matching to adjust for these baseline 
differences, Cox regression analysis demonstrated 
that surgical management of liver metastases 
independently improved survival for patients with low-
volume (< 25%) disease or those with symptomatic 
high-volume disease. Asymptomatic patients with a 
large (> 25%) burden of liver disease who underwent 
surgical management had no significant difference 
in long-term outcomes compared with intra-arterial 
therapies[86]. 

Recent guidelines developed from the NET-Liver-
Metastases Consensus Conference in 2012 and based 
on available peer-reviewed publications suggest that 
for those patients unable to undergo resection of 
liver metastases, there is moderate quality evidence 
that TAE, TACE, and RE can produce an objective 
treatment response, decrease tumor markers, and 
control symptoms in patients with pancreatic NETs 
and hepatic metastases. The authors noted that there 
was not enough quality evidence to demonstrate 
that one modality is superior to another, however 
RE may cause fewer post-embolization side-effects 
and require fewer overall treatments[87]. In a study 
comparing bland embolization with chemoembolization 
in 67 patients with neuroendocrine liver metastases, 
chemoembolization trended toward improved time to 
progression, symptom control, and survival without 
greater toxicity[88]. 

In patients with very limited hepatic disease, 
percutaneous ablative techniques including radio
frequency ablation (RFA) and microwave ablation 
(MWA) are appealing alternatives to operative 
approaches. RFA and MWA are frequently used in the 
treatment of patients with relatively few metastases 
who are unable to undergo resection or favor a 
nonoperative approach, in conjunction with surgery at 
the time of open resection, or as an adjunct to other 
liver directed therapies[84]. In the largest study to 
examine RFA and long-term outcomes in a group of 89 
patients with mixed types of neuroendocrine tumors 
that had largely already progressed on other therapies 
(including 13 patients with NF-PNETs), Akyildiz et al[89] 
demonstrated that laparoscopic RFA was associated 
with median disease free survival of 1.3 years and 
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overall survival of 6 years from the time of ablation. 
Median survival for patients with PNETs was 64 mo. 
Twenty-two percent of patients went on to develop local 
recurrence, 63% developed other new liver lesions, 
and 59% developed extra-hepatic disease during the 
median follow-up period of 30 mo. In another large, 
prospective series evaluating laparoscopic RFA in 
a cohort of 63 patients with mixed neuroendocrine 
hepatic metastases (including 12 patients with NF-
PNETs), Mazzaglia et al[90] demonstrated a median 
survival of 35 mo from the time of RFA and 54 mo from 
diagnosis of liver metastases in patients with PNETs, 
with no perioperative mortality and 5% perioperative 
morbidity.

Based on available evidence, liver directed 
therapies should be used for patients deemed to 
have unresectable hepatic disease or extra-hepatic 
metastases. In patients with extensive liver disease, 
trans-arterial approaches may represent a reasonable 
alternative to subtotal operative debulking. RFA can 
be a useful adjunct either at the time of surgical 
resection for discrete foci of unresectable tumor or 
to treat limited intrahepatic disease in patients with 
contraindications to surgical resection. 

CASE REPORT (PART 2)
Sandostatin was initiated and the patient was 

referred for consideration of liver directed therapy. 
Given an impression of metastatic disease involving 
approximately 25% of the liver she was offered 
chemoembolization or radioembolization; she opted 
for the latter. Radioembolization of right-sided lesions 
via the right hepatic artery proceeded uneventfully. 
Angiography of the left hepatic artery demonstrated 
multiple small branches to the distal stomach. 
Selective embolization of lesions in segment three 
was performed. Interval MRI three months later 
demonstrated excellent response of the right-sided 
metastases but progression of segments 2 and 4 
metastases (Figure 2A). After a detailed discussion of 
risks and benefits of surgery and alternative treatment 
options, the patient underwent uneventful distal 
pancreatectomy and left hepatectomy. Follow up 
imaging six months later revealed several very small 
non-enhancing lesions in the right liver consistent 
with treated metastases and no evidence of recurrent 
disease (Figure 2B). 

CONCLUSION
PNETs are a rare and diverse group of tumors; NF-
PNETs account for the majority of cases. Most patients 
with NF-PNETs have metastatic disease at the time 
of presentation. The liver is the most common site 
of metastatic disease. A variety of medical therapies, 
including somatostatin analogs, small molecule kinase 
inhibitors and cytotoxic chemotherapy have efficacy 
in the treatment of PNETs. Discreet roles for these 
modalities have not been established.

Aggressive surgical management of primary 
and metastatic disease is associated with prolonged 
survival; however, existing studies are limited by 
selection bias and the frequent combination of PNETs 
with carcinoid tumors, despite recognition that these 
entities have distinct biologic behavior. Non-surgical 
liver directed therapies are increasingly utilized in 
patients with unresectable liver metastases and have a 
particular role in patients for who near complete surgical 
debulking cannot be achieved. The optimal embolic 
therapy for PNET metastases is not well established. 
Few patients with liver metastases are curable but 
excellent outcomes can be achieved through judicious 
application of existing therapies in a multidisciplinary 
setting.
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