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Abstract
Pancreatic neuroendocrine tumor (P-NET) is rare and 
slow-growing. Current classifications predict its progno-
sis and postoperative recurrence. Curative resection is 
ideal, although often difficult, because over 80% of pa-
tients have unresectable multiple liver metastases and 
extrahepatic metastasis. Aggressive surgery for liver 
metastases is important to improve survival. Aggressive 
or cytoreductive surgery for liver metastases is indi-
cated to reduce hormone levels and improve symptoms 
and prognosis. Liver transplantation was originally con-
ceived as an ideal therapy for unresectable liver metas-
tases. Unfortunately, there is no clear consensus on the 
role and timing of surgery for primary tumor and liver 
metastases. Surgeons still face questions in deciding 
the best surgical scenario in patients with P-NET with 
unresectable liver metastases.
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Core tip: Pancreatic neuroendocrine tumor is rare. Cur-
rent classifications predict its prognosis and postopera-

tive recurrence. Curative resection is often difficult, 
because over 80% of patients have unresectable mul-
tiple liver metastases and extrahepatic metastasis. Ag-
gressive or cytoreductive surgery for liver metastases is 
indicated to reduce hormone levels and improve symp-
toms and prognosis. Liver transplantation was originally 
conceived as an ideal therapy for unresectable liver 
metastases. However, there is no clear consensus on 
the role and timing of surgery for primary tumor and 
liver metastases. 
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INTRODUCTION
Pancreatic neuroendocrine tumor (P-NET) is a rare and 
slow-growing tumor[1]. The American Joint Commit-
tee on Cancer stated a new TNM classification in 2009, 
based on tumor size, including direct invasion and lym-
phoid and distant metastases[2]. In 2010, the World Health 
Organization categorized gastroenteropancreatic neuro-
endocrine tumor (GEP-NET) into three categories (G1, 
G2 and G3) based on histopathological differentiation, 
proliferation index (Ki-67), neuroendocrine biomarkers 
(such as chromogranin A and synaptophysin), hormonal 
behavior, tumor size, direct invasion, and distant me-
tastasis[3]. These classifications are useful for predicting 
the prognosis and postoperative recurrence[1]. Curative 
resection is ideal for this slow-growing tumor[1,4-6], and 
postoperative surveillance of  at least 10 years is required, 
because long-term recurrence can occur after surgery[1].

Curative surgery is often difficult, because over 80% 
of  P-NET patients already have unresectable multiple 
liver metastases and extrahepatic metastasis[1]. Some cur-

MINIREVIEWS

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v6.i8.596

August 27, 2014|Volume 6|Issue 8|WJH|www.wjgnet.com

World J Hepatol  2014 August 27; 6(8): 596-600
ISSN 1948-5182 (online)

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Pancreatic neuroendocrine tumor accompanied with 
multiple liver metastases

596



rent opinions suggest an expanded surgical indication for 
P-NET patients with liver metastases, because survival is 
improved[1,6-9]. Aggressive surgery for liver metastases or 
cytoreductive surgery for over 90% of  the visible tumors 
are important to improve survival[6,9]. Cytoreductive sur-
gery for liver metastases is indicated to reduce hormone 
levels and improve clinical symptoms and prognosis[1,6,9]. 
Liver transplantation (LT) was originally conceived as an 
ideal therapy for unresectable liver metastases[1,10].

Unfortunately, there is no clear consensus on the 
role and timing of  surgery for primary tumor and liver 
metastases, although current reports refer to liver surgery 
including LT for unresectable liver metastases. Surgeons 
still face questions in deciding the best surgical scenario 
in patients with P-NET with unresectable liver metasta-
ses. Here, we reviewed previous studies about therapeutic 
strategies for P-NET, with our regretful case. 

RESECTION OF PRIMARY TUMOR
Approximately half  of  P-NETs are nonfunctioning[11], 
and tumors < 10-30 mm are not indications for sur-
gery[1,6]. Functional P-NET should be removed even if  
the tumor is < 10 mm[1,6], because functional P-NET has 
malignant potential despite a small tumor size[1]. Some 
factors, such as young age, hormonal function, and sur-
gical resection, are important for overall survival[6,12]. 
Seventy to ninety percent of  enlarging P-NETs have 
malignant potential[1], and the aim of  surgery for primary 
nonfunctioning tumor is to avoid malignant change and 
subsequent distant metastasis[6]. Although endoscopic ul-
trasonography with fine-needle aspiration biopsy is useful 
for determining the malignant potential and predicting 
prognosis[13-15], there are no definitive criteria regarding 
whether P-NET should be removed or observed based 
on tumor size[1,6]. Curative resection is considered as stan-
dard therapy in well-differentiated GEP-NET G1/G2 
with a Ki-67 index of  < 10%[1,4]. Cytoreductive surgery 
for primary tumor is indicated to reduce hormone levels 
and improve clinical symptoms[1,6,16], although the effects 
on prognosis are still controversial[1,5]. Overall, surgery for 
primary tumor should be curative resection[1,4-6], although 
palliative therapy may be indicated if  there is a possibility 
of  improvement of  clinical symptoms, such as endocrine 
symptoms, oppression on surrounding organs by primary 
tumor, jaundice and oral passage disturbance[6,17].

RESECTION OF LIVER METASTASES
Curative surgery is often difficult, because over 80% of  
P-NET patients already have unresectable multiple liver 
metastases and extrahepatic metastasis[1]. Current opin-
ions suggest extended surgical indications for P-NET pa-
tients with liver metastases, because survival is improved 
and P-NET is a slow-growing tumor[1,6-9]. For liver metas-
tasis without extrahepatic metastasis, standard/aggressive 
surgery is the first choice for well-differentiated P-NET 
categorized as GEP-NET G1/G2[1,7,8]. Aggressive sur-
gery for liver metastases and cytoreductive surgery for 

> 90% of  the visible tumors are important to improve 
survival[6,9]. Cytoreductive surgery for liver metastases is 
indicated to reduce hormone levels and improve clinical 
symptoms and prognosis[1,6,9].

LT FOR UNRESECTABLE LIVER 
METASTASES
LT was originally conceived as an ideal therapy for ad-
vanced hepatic malignancy, because it eliminates the liver 
tumors and the potential for recurrence in the liver rem-
nant[1,10]. LT for unresectable metastases has essentially 
been abandoned[10]. Several attempts to implement this 
strategy between 1960 and the 1980s showed poor re-
sults, although LT for early hepatocellular carcinoma has 
been established[18]. It is well known that highly selected 
P-NET patients with liver metastases may be candidates 
for LT[10,19-21]. The only prospective study recommended 
strict selection criteria for LT with curative intent (i.e., 
low grade, removal of  primary tumor, liver involvement 
< 50%, age < 55 years, and stable disease for ≥ 6 mo 
before LT)[21], and a study reported 96% overall survival 
and 80% disease-free survival[22]. However, it was also 
reported that P-NET patients with liver metastases who 
received LT had a follow-up term of  no longer than 5.8 
years, and the longest tumor-free survival was 5.1 years[23], 
and a high rate of  tumor recurrence was reported at al-
most 60%[20]. 

Use of  LT for extended indications always presents 
an ethical dilemma[10]. The United Network for Organ 
Sharing has generally held that LT for malignancy should 
be considered only when results are essentially equivalent 
to results with standard indications, generally requir-
ing a 5-year survival rate of  60%-70%[10]. LT in selected 
GEP-NET patients has shown a 5-year recurrence-rate 
as low as 30%[21]. Previous results that indicate LT for 
P-NET[20-22] must be interpreted cautiously[10], especially 
given the global scarcity of  liver grafts available[10]. These 
results should not justify LT at this time[10]. The Milan 
Criteria is maybe a better definition of  selection criteria 
for LT[21]. In the last decade, selection criteria based on 
clinical presentation have been integrated with a proper 
histopathologic classification and diagnostic techniques[21]. 
In particular, Ki67 expression has been considered as a 
prognostic factor of  risk of  recurrence[21,24-28]. A Ki67 
proliferation index of  < 10% is a characteristic of  well-
differentiated tumor, which we have adopted as a cut-
off  value to consider GEP-NET patients for LT candi-
dates[21,24]. Current studies suggest a growing consensus 
concerning LT for liver metastases of  P-NET as fol-
lows[20,24-28]: (1) liver metastases of  symptomatic or asymp-
tomatic P-NET are unresectable; (2) disease is confined 
to the liver, and extrahepatic metastases are ruled out; (3) 
LT is indicated for well-differentiated P-NET categorized 
as GEP-NET G1/G2. Poorly differentiated P-NET 
categorized as GEP-NET G3 is considered as a contrain-
dication for LT. Ki67 index < 10% is recommended; and 
(4) LT should not be associated with major extrahepatic 
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resection. Primary tumor should be removed before LT. 
As described above, primary tumor should be re-

moved before LT. However, optimal timing for LT in 
patients with stable versus progressive disease remains 
unclear[20]. In previous report, 83% of  patients had un-
dergone surgical treatment for primary tumor, and a 
5-year overall survival has increased to 59% in relation 
with fewer patients presenting poor prognostic factors[20]. 
Favorable outcomes in cases of  unknown primary tumor 
might suggest that a failure to detect the primary tumor 
before LT should not be considered as an absolute con-
traindication[20].

MANAGEMENT OF UNRESECTABLE 
LIVER METASTASES 
For metastatic poorly-differentiated P-NET categorized 
as GEP-NET G3, cisplatin-based combination therapy 
is considered as the first-line therapy. Radiofrequency 
ablation, transarterial chemoembolization (TACE), trans-
catheter arterial infusion (TAI) and selective inhibitor of  
mammalian target of  rapamycin are available as optional 
treatments[1]. Systemic biotherapy, such as somatosta-
tin analog and interferon-α, is indicated for functional 
P-NET and postoperative recurrence[1].

Peptide receptor radionuclide therapy (PRRT) with 
radiolabeled somatostatin analogs is a novel treatment 
in patients with somatostatin receptor-expressing, well-
differentiated and metastatic neuroendocrine tumors[29-31], 
and the PRRT with yttrium and/or lutetiumis a potent 
therapeutic approach. On the other hand, transarterial 
radioembolisation [i.e., selective internal radiotherapy 
(SIRT)] is an innovative therapy in liver-limited unresect-
able, neuroendocrine liver metastases[32-34]. SIRT is an ef-
fective treatment option for patients with metastatic liver 
disease in a salvage setting with acceptable toxicity.

OUR REGRETFUL CASE
A 39-year-old man was diagnosed with nonfunctioning 
P-NET in the pancreatic head, with multiple liver metas-
tases. The tumor was 2.5 cm in diameter, and was histo-
pathologically well-differentiated with a Ki-67 expression 
of  < 10%. He was asymptomatic. Small but multiple 
metastases were detected in the liver, and no extrahepatic 
metastases were observed. We initially intended to con-
trol the liver metastases before resection of  the primary 
tumor. To begin with, TACE/TAI were repeated. There-
after, TACE/TAI, systemic chemotherapies and biother-
apies were repeated. Although liver metastases seemed 
to be stable for a while, the primary tumor was enlarged 
even after therapy. At 3.5 years after initial diagnosis, the 
primary tumor became symptomatic. Liver metastases 
enlarged and massive swelling of  the para-aortic lymph 
nodes was observed. Thereafter, palliative therapy was 
the main course of  action. He died at 4.3 years after ini-
tial diagnosis. We understand that P-NET patients often 
have unresectable liver metastases at initial diagnosis[1], 

and that surgical indications for P-NET with liver me-
tastases should be determined individually in each case[6]. 
Resection of  the primary tumor in metastatic nonfunc-
tioning P-NET patients with unresectable liver metasta-
ses does not significantly improve survival[4]. Presence of  
liver metastases is a major prognostic factor for P-NET 
patients[1,20], and surgical management of  liver metastases 
remains controversial[9]. In our case, we initially intended 
to control the liver metastases before resection of  the 
primary tumor, because we considered liver metastases 
as the most important prognostic factor. Our decision at 
that time may have been consistent with previous opin-
ions[1,4,6,9,20]. However, in our case, aggressive surgery for 
liver metastases seemed to be difficult even during a pe-
riod of  stable liver metastases, and resection of  primary 
tumor is required before LT. We retrospectively regret 
that aggressive surgery for primary tumor and subsequent 
LT for unresectable liver metastases may have provided a 
better course in our case.

DISCUSSION
Currently, classification of  GEP-NET is useful for evalu-
ating malignancy, predicting prognosis, and determining 
therapeutic strategies[1,2]. Though this report focused 
surgical options for P-NET with liver metastases, novel 
managements (i.e., PRRT and SIRT) are currently avail-
able for unresectable liver metastases, with acceptable side 
effects[29-34]. Effective and beneficial treatment options 
for P-NET patients with liver metastases should be care-
fully considered. From the viewpoint of  surgical option, 
surgical indications for primary tumor[1,4-6,16] and hepatic 
surgery, including LT for liver metastases[1,10,20,24-28] have 
already been stated. However, it seems to be not easy 
to decide optimal timing of  surgery for primary tumor 
and liver metastases. Currently, surgical procedures and 
devices are well developed, and the question is whether 
pancreatoduodenectomy or distal pancreatectomy is risky. 
We believe that pancreatic surgery is safe and beneficial 
for patients, if  indicated. 

In LT for P-NET patients, previous excellent reports 
focused on a prognostic factors for overall survival, a 
post-transplant risk of  recurrence, a better selection cri-
teria, a difference between P-NET and others, and an im-
portance of  the post-transplant surveillance[21,24,28]. There 
is a difference in behaviors between P-NET and the 
other tumors, the indication for LT for unresectable liver 
metastases is unique for P-NET[21,24]. Also, an importance 
of  careful surveillance after LT due to the risk of  recur-
rence was documented[21,24]. Tumor re-staging should 
be scheduled at least 4 times per year for the first two 
years and continued thereafter with progressively longer 
follow-up intervals[21].

Though we understand that any decisions cannot be 
made based on a single patient experience, we retrospec-
tively speculate that a negative approach to aggressive 
surgery for primary tumor may have resulted in poor 
quality of  life and deprived patient of  the opportunity of  
LT for unresectable liver metastases. P-NET patient with 

598 August 27, 2014|Volume 6|Issue 8|WJH|www.wjgnet.com

Hori T et al . Pancreatic NET with liver metastases



599 August 27, 2014|Volume 6|Issue 8|WJH|www.wjgnet.com

14	 Figueiredo FA, Giovannini M, Monges G, Bories E, Pesenti 
C, Caillol F, Delpero JR. EUS-FNA predicts 5-year survival 
in pancreatic endocrine tumors. Gastrointest Endosc 2009; 70: 
907-914 [PMID: 19640525 DOI: 10.1016/j.gie.2009.05.020]

15	 Chatzipantelis P, Konstantinou P, Kaklamanos M, Aposto-
lou G, Salla C. The role of cytomorphology and proliferative 
activity in predicting biologic behavior of pancreatic neuro-
endocrine tumors: a study by endoscopic ultrasound-guided 
fine-needle aspiration cytology. Cancer 2009; 117: 211-216 
[PMID: 19350669 DOI: 10.1002/cncy.20025]

16	 McEntee GP, Nagorney DM, Kvols LK, Moertel CG, Grant 
CS. Cytoreductive hepatic surgery for neuroendocrine tu-
mors. Surgery 1990; 108: 1091-1096 [PMID: 1701060]

17	 Thompson NW. Current concepts in the surgical manage-
ment of multiple endocrine neoplasia type 1 pancreatic-
duodenal disease. Results in the treatment of 40 patients 
with Zollinger-Ellison syndrome, hypoglycaemia or both. J 
Intern Med 1998; 243: 495-500 [PMID: 9681848 DOI: 10.1046/
j.1365-2796.1998.00307.x]

18	 Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, 
Bozzetti F, Montalto F, Ammatuna M, Morabito A, Gen-
nari L. Liver transplantation for the treatment of small 
hepatocellular carcinomas in patients with cirrhosis. N 
Engl J Med 1996; 334: 693-699 [PMID: 8594428 DOI: 10.1056/
NEJM199603143341104]

19	 Gottwald T, Köveker G, Büsing M, Lauchart W, Becker HD. 
Diagnosis and management of metastatic gastrinoma by 
multimodality treatment including liver transplantation: re-
port of a case. Surg Today 1998; 28: 551-558 [PMID: 9607910]

20	 Le Treut YP, Grégoire E, Klempnauer J, Belghiti J, Jouve 
E, Lerut J, Castaing D, Soubrane O, Boillot O, Mantion G, 
Homayounfar K, Bustamante M, Azoulay D, Wolf P, Kraw-
czyk M, Pascher A, Suc B, Chiche L, de Urbina JO, Mejzlik 
V, Pascual M, Lodge JP, Gruttadauria S, Paye F, Pruvot FR, 
Thorban S, Foss A, Adam R. Liver transplantation for neuro-
endocrine tumors in Europe-results and trends in patient se-
lection: a 213-case European liver transplant registry study. 
Ann Surg 2013; 257: 807-815 [PMID: 23532105 DOI: 10.1097/
SLA.0b013e31828ee17c]

21	 Mazzaferro V, Pulvirenti A, Coppa J. Neuroendocrine tu-
mors metastatic to the liver: how to select patients for liver 
transplantation? J Hepatol 2007; 47: 460-466 [PMID: 17697723 
DOI: 10.1016/j.jhep.2007.07.004]

22	 de Herder WW, Mazzaferro V, Tavecchio L, Wiedenmann B. 
Multidisciplinary approach for the treatment of neuroendo-
crine tumors. Tumori 2010; 96: 833-846 [PMID: 21302641]

23	 Alessiani M, Tzakis A, Todo S, Demetris AJ, Fung JJ, Starzl 
TE. Assessment of five-year experience with abdominal 
organ cluster transplantation. J Am Coll Surg 1995; 180: 1-9 
[PMID: 8000645]

24	 Pavel M, Baudin E, Couvelard A, Krenning E, Öberg K, 
Steinmüller T, Anlauf M, Wiedenmann B, Salazar R. ENETS 
Consensus Guidelines for the management of patients with 
liver and other distant metastases from neuroendocrine neo-
plasms of foregut, midgut, hindgut, and unknown primary. 
Neuroendocrinology 2012; 95: 157-176 [PMID: 22262022 DOI: 
10.1159/000335597]

25	 Pascher A, Klupp J, Neuhaus P. Endocrine tumours of the 
gastrointestinal tract. Transplantation in the management 
of metastatic endocrine tumours. Best Pract Res Clin Gas-
troenterol 2005; 19: 637-648 [PMID: 16183532 DOI: 10.1016/
j.bpg.2005.03.008]

26	 Gregoire E, Le Treut YP. Liver transplantation for primary 
or secondary endocrine tumors. Transpl Int 2010; 23: 704-711 
[PMID: 20492617 DOI: 10.1111/j.1432-2277.2010.01110.x]

27	 Bonaccorsi-Riani E, Apestegui C, Jouret-Mourin A, Sem-
poux C, Goffette P, Ciccarelli O, Borbath I, Hubert C, Gigot 
JF, Hassoun Z, Lerut J. Liver transplantation and neuro-
endocrine tumors: lessons from a single centre experience 
and from the literature review. Transpl Int 2010; 23: 668-678 

liver metastases could have been a candidate for initial 
surgery for primary tumor and might have had a chance 
of  subsequent LT for unresectable metastases. Surgeons 
still face questions in deciding the best surgical scenario 
in patients with P-NET with liver metastases.
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