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ABSTRACT 

Context Liver metastases have often existed in patients who have pancreatic neuroendocrine tumors (pNETs) at the time of 
diagnosis. In the management of patients of pNETs with unresectable liver metastases, the clinical efficacy of surgery to 
primary pancreatic tumor has been controversial. We presented four patients who were treated with resection of primary 
pancreatic tumor, trans-arterial hepatic treatment and systemic therapies. We reviewed literatures and discussed about role 
of resection of primary pancreatic tumor in the multidisciplinary treatment. Methods We retrieved medical records of 
patients who had been histopathologically diagnosed as pNETs at our institution between April 2000 and March 2006, and 
found 4 patients who had pNETs with unresectable synchronous liver metastases and no extrahepatic metastases. All 
patients received resection of primary tumor. Patients’ demographics, pathology, treatment, short- and long-term outcome 
were examined. Results In short-term outcome analysis, delayed gastric emptying was developed in one patient who 
received pancreaticoduodenectomy. There were no other significant postoperative complications. As for long-term outcome, 
two patients who received distal pancreatectomy, sequential trans-arterial treatments and systemic therapies could survive 
for long time relatively. They died 92 and 73 months after the first treatment, respectively. One patient who received distal 
pancreatectomy and trans-arterial treatment died from unrelated disease 14 months after the first treatment. Another 
patient who received preoperative trans-arterial treatments and pancreaticoduodenectomy rejected postoperative trans-
arterial treatment, was treated with systemic therapies and died 37 months after the initial treatment. Conclusions 
Resection of primary pNETs would be considered as an optional treatment for the selected patients who had unresectable 
synchronous liver metastases in the process of the multidisciplinary approach. 
 
INTRODUCTION 

Pancreatic neuroendocrine tumors (pNETs) 
have been known as a rare subgroup of pancreatic 
tumors, though the increasing detection of 
incidental pNETs during imaging procedures is 
recently expected [1, 2]. All pNETs are regarded to 
have malignant potential. Once distant metastases 

occur, cure is highly unlikely, although the 
progression of tumor is usually slow [3]. 
Unfortunately, most of the pNETs have already 
metastatic lesions by the time they are diagnosed 
[4] and liver is the most common site of metastasis 
[5, 6]. The presence of liver metastasis is suggested 
to be one of the major prognostic factors in the 
patients with pNETs [7]. In prognostic studies, the 
data of digestive endocrine tumors are more 
available than those of pNETs only, and it has been 
demonstrated that the patients with liver 
metastasis have a significantly worse survival rate 
when compared to those without liver metastasis 
[8, 9, 10]. 

According to the National Comprehensive 
Cancer Network (NCCN) guideline for neuro-
endocrine tumors of the pancreas, trans-catheter 
arterial embolization (TAE), trans-catheter arterial 
chemoembolization (TACE), radioembolization, 
cytoreductive surgery, ablative therapy, systemic 
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chemotherapy and/or molecular-targeted therapies 
with everolimus or sunitinib are recommended as 
the management of unresectable disease and/or 
distant metastases [11]. In the European 
Neuroendocrine Tumor Society (ENETS) consensus 
guidelines for unresectable liver metastases from 
digestive neuroendocrine tumors, chemotherapy, 
biotherapy with somatostatin analogues/ 
interferon-alpha, molecular-targeted therapies, 
peptide receptor radionuclide therapy, TAE and/or 
TACE are recommended as well [12]. Both of these 
guidelines have made no mention about surgery to 
the primary tumor. In ENETS consensus guidelines 
for well-differentiated pancreatic non-functioning 
tumors, recommendation of resection of primary 
pancreatic tumor for the selected patients is 
described without any reference evidences [13]. 
The efficacy of aggressive surgery to primary tumor 
has been still controversial in pNETs with 
unresectable metastasis [14], although resection of 
primary tumor is recommended in metastatic 
neuroendocrine tumors of the jejunum/ileum [15, 
16]. 

Recently, molecular-targeted therapy with 
sunitinib, a multitargeted tyrosine kinase inhibitor, 
or everolimus, an oral inhibitor of mammalian 
target of rapamysin (mTOR), has been established 
in the treatment for the patients with unresectable 
pNETs [17, 18]. It should be known that most of the 
patients had previous surgical treatment including 
resection of primary pancreatic tumor in the studies 
of these novel agents [18, 19]. It may be important 
to consider a potential benefit of resection of 
primary pancreatic tumor in the multidisciplinary 
treatment of metastatic pNETs. 

This paper presents four patients who had 
pNETs with unresectable synchronous liver 
metastases. We treated the patients with surgical 
resection of primary pancreatic tumors, 
intervention to the liver and systemic therapies. We 
would review literatures and discuss about a role of 
resection of primary pancreatic tumor in the 
patients of pNETs with unresectable synchronous 
liver metastases. 

MATERIAL AND METHODS 

We retrieved medical records and imaging 
studies of patients who had been 
histopathologically diagnosed as pNETs at National 
Hospital Organization Kyushu Cancer Center, 
Fukuoka City, Japan between April 2000 and March 
2006. They included demographic data, pathology, 
treatment, short- and long-term outcome. The 
imaging data included computed tomography (CT) 
scans, magnetic resonance imaging (MRI), or 
ultrasonography (US). Then, we extracted the 
patients who had pNETs with unresectable 
synchronous liver metastases. Hepatic biopsy was 

performed in all patients, and liver metastases of 
pNETs was confirmed via immunohistochemical 
staining of chromogranin A and/or synaptophysin 
in biopsy samples. Immunohistochemical 
examinations of synaptophysin, somatostatin 
receptor type 2A and Ki67 were performed in 
surgical resected specimens later on the purpose of 
research. Somatostatin receptor type 2A staining 
was evaluated by using Volante’s scoring system 
[20]. Ki67 labeling index was countered. 

We resected primary pancreatic tumors in the 
patients with unresectable synchronous liver 
metastases. Excluded criteria of pancreatectomy 
were the presence of unresectable primary tumor 
or extrahepatic metastases except for regional 
lymph node metastases. Then, TAE, TACE and/or 
hepatic arterial infusion were performed as hepatic 
regional treatments preoperatively. Postoperative 
trans-arterial hepatic treatments and/or systemic 
therapies were started as soon as possible. In 
patients who were treated with TAE, the hepatic 
artery was catheterized, and embolic agent was 
injected until substantial slowing of the blood flow 
was achieved. In patients who underwent TACE, the 
chemotherapeutic agent was administered followed 
by the embolic material. The treatments with TAE, 
TACE and/or hepatic arterial infusion were 
performed sequentially every 1-3 months. From the 
second treatment onward, the treatment agents 
were mainly injected via a reservoir which was 
connected with a catheter placed into the hepatic 
artery. The interval of trans-arterial treatment was 
based on the patient’s condition. The trans-arterial 
treatment was continued until when the arterial 
flow was changed because of arteritis rendering 
vascular reconstruction and the effects of treatment 
could not been expected. Follow-up examinations 
based on imaging studies were generally obtained 
every 3-6 months after the beginning of treatment. 

ETHICS 

Patients were managed according to the ethical 
guidelines of the “World Medical Association 
(WMA) Declaration of Helsinki - Ethical Principles 
for Medical Research Involving Human Subjects” 
adopted by the 18th WMA General Assembly, 
Helsinki, Finland, June 1964 and amended by the 
59th WMA General Assembly, Seoul, South Korea, 
October 2008. The written informed consent was 
obtained from each patient. 

RESULTS 

There were seven patients who were diagnosed 
to have histopathological pNETs in our institution 
between April 2000 and March 2006. Four patients 
(57.1%) had unresectable liver metastases at the 
time of initial diagnosis. All 4 patients were not 
excluded and received pancreatectomy. Three 
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females and one male were included. The mean age 
was 54.0 years (range from 31 to 72 years). Primary 
pancreatic tumor located in the tail in three cases 
and in the head in one. The initial symptoms were 
abdominal discomfort in three cases and 
uncontrollable diabetes mellitus in one (Table 1). 

In three patients, the diagnosis was made by 
staff pathologists from our institution based on 
histological and immunohistochemical examination 
of pathologic specimens. In one patient, histological 
examination of liver metastases was performed at 
an outside institution. The histopathological and 
immunohistochemical results were shown in Figure 

and Table 2. All cases showed the positive staining 
of chromogranin A and synaptophisin. Ki67 labeling 
index were smaller than 2% in Cases #1 and #2, 
that corresponded to grade 1 (G1) of the ENETS 
grading. Cases #3 and #4 were categorized in grade 
2 (G2). 

The surgical procedures performed were distal 
pancreatectomy with simultaneous splenectomy in 
three patients for tumors located in the tail of the 
pancreas, and pylorus-preserving pancreatico-
duodenectomy (PPPD) in one for tumor located in 
the head. There were no operative deaths. Case #4, 
the patient who received PPPD, developed delayed 

Table 1. Demography of 4 patients who had pNET with unresectable synchronous liver metastasis. 
Case Gender Age Tumor location in the pancreas Initial symptom 

#1 Female 49 years Tail Abdominal discomfort 

#2 Female 59 years Tail Uncontrollable diabetes mellitus 

#3 Male 72 years Tail Abdominal discomfort 

#4 Female 31 years Head Abdominal discomfort 

 

Figure. Microscopic images of three patients of pNETs (Cases #1, #2 and #3) who were diagnosed to have synchronous liver metastases at 
our institution. 1a., 2a., and 3a. Atypical small round cells arranged in nests or sheets in a fibrous tissue containing residual liver 
parenchyma in the liver specimens. 1b., 2b., and 3b. Diffuse immunoreactivity for chromogranin A in the tumor cells of liver biopsy 
specimens. 1c., 2c., and 3c. Uniform cells proliferating in trabecular or solid pattern in the surgical resected specimens in the pancreas. 
(Original magnifications 20x). 
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gastric emptying that corresponded to grade C of 
the definition by International Study Group of 
Pancreatic Surgery (ISGPS) [21]. She discharged 
from hospital 38 days after surgery. The other 
patients had no significant postoperative 
complication (Table 3). 

Timing of surgery was based on an evaluation of 
effect of trans-arterial treatments on liver 
metastases by the referring physicians. The 
maximum number of repetitions of preoperative 
trans-arterial treatment was 20 times in Case #1. 
Although the effect was evaluated as partially 
response, but generally insufficient until the 12th 
treatment because most of the hepatic tumors could 
not retain embolic agents due to the fast arterial 
flow through the tumors, the overall effect of 
embolization was recognized gradually after the 
subsequent sequential treatments. The patient 
received oral administration of 5-fluorouracil in 
addition to the trans-arterial treatment for the first 
two months in the beginning of treatment course. 
Postoperative trans-arterial treatments following 
the resection of primary pancreatic tumor were 
performed 18 times until arterial flow was changed. 
The change of arterial flow allowed trans-arterial 
agents flow into the thorax and resulted in forming 
an abscess of the thorax. The abscess could be 
treated by antibiotic agents for 4 weeks. Although 
the patient received systemic chemotherapy and 
biological therapy with octreotide acetate followed 
by regional hepatic treatment, she had progressive 
disease of multiple metastases and died 92 months 
after the first treatment. Case #2 had preoperative 
trans-arterial treatment one time and postoperative 
treatment 8 times. She received systemic 

chemotherapy with S-1 after the arterial flow was 
changed. She died 73 months after the first 
treatment. The patient of Case #3 who received 
preoperative trans-arterial treatment four times 
because the general condition was precarious, 
although the trans-arterial treatment seemed to be 
effective soon after the first treatment. Distal 
pancreatectomy was performed when the general 
condition was recovered. He had stable disease with 
postoperative trans-arterial treatments but died 
suddenly from acute myocardial infarction 14 
months after the first treatment. In Case #4, the 
patient had PPPD following two times of trans-
arterial treatment. She rejected postoperative trans-
arterial treatment and received systemic 
chemotherapy and biological therapy with 
octreotide acetate. She died 37 months after the 
first treatment (Table 3). Three patients who were 
diagnosed to have localized pNETs in the same 
period have been still alive without recurrence 
more than 7 years after resection of pancreatic 
tumors. 

DISCUSSION 

Recently in Japan, a large epidemiological study 
using a nationwide stratified random sampling 
method has been reported by Ito et al. [22]. The 
study revealed that the prevalence of pNETs was 
estimated as 2.23 per 100,000 (95% CI: 1.93-2.76) 
and an annual onset incidence was 1.01 per 100,000 
(95% CI: 0.88-1.25) in the year 2005. On the other 
hand, the annual incidences of pNETs in United 
States and Europe have been reported 0.12 and 0.4 
per 100,000, respectively [1, 23]. It has been 
discussed that the results may be affected by 
prevalence of imaging studies for screening in Japan 

Table 2. Immunohistochemical results of 4 patients who had pNET with unresectable synchronous liver metastasis. 
Case Chromogranin A Synaptophisin Somatostatin receptor type 2A Ki67 labeling index (%) 

#1 + + 3 1 

#2 + + 1 1 

#3 + + 3 7 

#4 + + 0 13 

Table 3. Summary of treatment and outcome of 4 patients who had pNET with unresectable synchronous liver metastasis. 
Case Preoperative treatment Surgery Postoperative treatment Length of stay 

after surgery 

(days) 

Prognosis 

(months) Trans-arterial 

(Number of 

times) 

Systemic Trans-arterial 

(Number of 

times) 

Systemic 

#1 20 5-fluorouracil, 
octreotide 

acetate 

Distal 
pancreatectomy 

18 1) 5-fluorouracil, octreotide 
acetate 
2) S-1, octreotide acetate 
3) Gemcitabine 

21 92, died 

#2 1 None Distal 
pancreatectomy 

8  1) Octreotide acetate 
 2) S-1 

11 73, died 

#3 4 None Distal 
pancreatectomy 

3 None 14 14, died a 

#4 2 None PPPD 0 S-1, octreotide acetate 38 37, died 
PPPD: pylorus-preserving pancreaticoduodenectomy 
a Acute myocardial infarction 
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rather than racial difference [24]. The study also 
revealed that the incident rate of distant metastases 
including liver metastasis is 21% at the time of 
diagnosis [22]. The incident rate of synchronous 
liver metastasis from pNETs has been reported 27% 
in Korea [7] and 29% in Italy [25]. In the present 
study, the incidence of liver metastasis was 57% 
that is higher than the previous reported rates. 
However, we experienced other 5 cases of pNETs 
for recent two years and resectable synchronous 
liver metastasis was present in one case (20.0%). 
We excluded these 5 cases from the present study 
because of short follow-up periods (the median 
follow-up period was 9 months, range from 3 to 17). 
More accumulation of cases is needed to evaluate 
the incidence rate of synchronous liver metastases. 

It has been clarified that surgical resection of 
localized pNETs is associated with improved 
survival [26]. In our series, 3 patients who were 
diagnosed to have localized pNETs and received 
surgical resection between 2000 and 2006 are still 
alive without recurrence. In the management of 
patients who had neuroendocrine tumors with 
resectable synchronous liver metastases and the 
absence of extrahepatic metastases, hepatectomy is 
acceptable because that patients with liver 
metastases from neuroendocrine tumors who 
underwent curative hepatic resection had a 
significantly longer survival than unresected 
patients [4, 27]. Even when recurrence of hepatic 
disease progresses in patients who initially 
underwent surgical extirpation of liver metastasis 
from neuroendocrine tumors, liver-directed therapy 
for hepatic metastasis prolongs survival [28]. 
Moreover, in the patients with hormonal and pain 
symptoms, surgical resection provide excellent 
palliation [29]. 

Resection of primary neuroendocrine tumor 
may provide patients with unresectable liver 
metastases with some benefits. First, resection of 
primary pancreatic tumor may prevent from some 
complications which are developed on disease 
progression [30]. For example, biliary obstruction, 
gastric outlet obstruction or gastrointestinal 
hemorrhage sometimes occur when tumors are 
located in the pancreatic head, and left-sided portal 
hypertension in the pancreatic tail [31, 32]. 
Therefore, we could manage with trans-arterial 
treatment and/or systemic treatment safer after 
resection of primary pancreatic tumors. Second, 
resection of primary tumor may be associated with 
improved the response to radiologic therapy in the 
treatment course. Gupta et al. investigated the 
predictive factor of radiologic response in the 
patients who had islet cell carcinomas with liver 
metastases and were treated with TAE or TACE. 
They demonstrated that patients with primary 
tumor resection had a higher radiologic response 

rate than patients without primary tumor resection. 
They also studied prognostic factor in patients with 
metastatic carcinoid tumors and pancreatic islet cell 
carcinomas who were treated with TAE or TACE. 
They demonstrated that resection of primary tumor 
was associated with improved overall survival [33]. 
Thus, there seems to be potential benefits of 
resection of primary pancreatic tumor in the 
process of multidisciplinary approach. However, 
Capurso et al. reviewed three cohort studies that 
compared resection with unresection of the primary 
pancreatic tumor in the patients who had pNETs 
with unresectable liver metastases, and suggested 
that there was a bias towards resection primary 
pancreatic tumor in patients with a better 
performance status or less advanced disease seems 
likely [34]. There are some risks in pancreatic 
resection. However, mortality rate of 
pancreatectomy has been decreased recently [35]. 
The Japanese Society of Gastroenterological Surgery 
reported on the internet that hospital mortality 
rates of pancreaticoduodenectomy and distal 
pancreatectomy for malignant diseases were 2.11% 
(127/6,027) and 0.99% (18/1,813) from 1,466 
Japanese institutions in the year 2009. Gordon et al. 
showed hospital mortality rate of pancreatico-
duodenectomy was 2.2% [36], and Brennan et al. 
reported operative mortality rate of distal 
pancreatectomy was 0% [37], respectively. 
Indication of pancreatectomy for the patients who 
had pNETs should be discussed under consideration 
of both their benefits and risks. 

Once unresectable metastatic disease has 
occurred, it would become life-threatening sooner 
or later and cure would be unlikely. The mean 
survival of the patients who had pNETs with distant 
metastasis is 24 months [26]. As our strategies, we 
performed trans-arterial treatment prior to surgery 
in the patients who had pNETs with unresectable 
synchronous liver metastases and confirmed that 
the effect would be expected. Hung et al. reported a 
patient who had pNET with unresectable liver 
metastases, received pancreatectomy and died 84 
months after the surgery [38]. The patient received 
TAE 6 and 12 months after the surgery and 
chemotherapy with streptozotocin and 5-
fluorouracil after the 2-year follow-up. To our 
knowledge, this is the longest survivor with 
unresectable synchronous liver metastases that was 
described in detail in the literature. The patient of 
Case #1 received preoperative trans-arterial 
treatments for 18 months and died 74 months after 
surgery, so it was 92 months after the first TACE. 
The patient of Case #2 had preoperative trans-
arterial treatments for 2 months and died 71 
months after surgery, equally to 73 months after the 
first TACE. The long-term outcome of these two 
cases suggested that a combination of pre- and post-
operative intervention to the liver with resection of 
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primary pancreatic tumor has a potential to 
improve the survival. However, further studies will 
be needed to clarify the prognostic efficacy of 
perioperative trans-arterial treatment. Since 
neuroendocrine tumors usually are abundant in 
arterial flow, TACE seems to be more effective than 
TAE theoretically. However, there is no evidence 
that TACE is superior to TAE. Timing of sequential 
TACE and choice of treatment agents have still 
remained unclear [12]. Hepatobiliary complications 
of trans-arterial treatment are not seldom fatal but 
sometimes serious, for instances, liver abscess, 
gallbladder infarction or perforation, cholangitis 
and bile duct necrosis. Liver abscess may be likely 
to develop in association with bacterial infections 
following gastrectomy [39] or pancreatico-
duodenectomy [40]. Systemic treatment rather than 
trans-arterial hepatic treatment following surgery 
might be recommended for the patients who had 
pNETs in the head of the pancreas. 

Several systemic treatments such as 
somatostatin analogues/interferon-alpha, chemo-
therapy, molecular-targeted therapies with 
sunitinib or everolimus, and peptide receptor 
radionuclide therapy are commonly used to treat 
unresectable neuroendocrine tumors. Somatostatin 
analogues/interferon may be of value in patients 
with well-differentiated NET expressing 
somatostatin receptor type 2 subtypes, but data is 
not available in cases of liver metastases [12]. Since 
immunohistochemical examination of somatostatin 
receptor was not available routinely at our 
institution, strong expressions of somatostatin 
receptor type 2A in Cases #1 and #3 were 
confirmed even later. In the present series, the 
selection of patients might be inadequate in the 
respect of expression of somatostatin receptor, 
although we performed somatostatin analogue 
treatment besides trans-arterial treatment in Cases 
#1, #2 and #4. 

In patients with advanced pNETs, molecular-
targeted therapy with sunitinib or everolimus is 
associated with improved progression-free survival 
[17, 18]. Based on these studies, these agents may 
have not been considered as first-line therapeutic 
options. Because the efficacy and safety of these 
agents have been proven [41, 42] and new trails 
testing logical combinations of agents have been 
going on [43, 44], therapeutic strategies for the 
management of patients with advanced pNETs will 
be updated in sequence. On updating the 
management of patients with advanced pNETs, 
clinicians must be aware of the variety of 
treatments included surgical treatment. In a phase 
III trial of sunitinib in patients with advanced well-
differentiated pancreatic neuroendocrine tumors, 
88% of patients who were treated with sunitinib 
had received previous surgical treatment [18]. 

Although there are no data about previous 
treatment in a phase III study of everolimus [17], 
72% of patients in a phase II study received surgery 
as a prior treatment [19]. Surgical details were not 
available in these articles. Most of patients of these 
studies maybe received resection of primary 
pancreatic tumors. Role of resection of the primary 
pancreatic tumor in the multidisciplinary treatment 
of patients with unresectable synchronous liver 
metastases should be considered in future 
therapeutic strategies. Further studies will likely 
define the role of resection of primary pancreatic 
tumor. 

CONCLUSION 

Surgical resection of primary pancreatic 
neuroendocrine tumor would be considered as an 
optional treatment in the patients who had 
unresectable synchronous liver metastases with the 
absence of other distant metastases, because of a 
potential of slow progression of hepatic metastases 
under trans-arterial treatment and other systemic 
treatment. However, it should be offered for 
selected patients while more studies are made. 
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