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GENERAL INTRODUCTION AND OUTLINE OF THE THESIS

GENERAL INTRODUCTION

Pancreatic neuroendocrine tumors (pNETs) are classified as a rare disease since the preva-
lence of pNETs is 2/100.000. The incidence of pNET has been rising over the past decades, 
probably as a result of an increase in doctors’ awareness and an increase of incidental findings 
on radiological imaging1. 

Clinical presentation and diagnosis 
Based on the hormonal overproduction causing clinical syndromes, pNET can be divided in 
functional and non-functional pNET2,3. Insulinomas and gastrinomas are the most common 
functional pNET causing symptoms such as hypoglycemia or the Zollinger-Ellison syndrome, 
which causes diarrhea and atypical duodenal and small bowel ulcera. Small non-functional 
pNET are often detected incidentally but larger tumors cause symptoms such as abdominal 
pain, weight loss, anorexia and nausea2. Most patients with larger non-functional pNETs, 
present with liver metastases at the time of diagnosis. A small subgroup of patients with pNET 
is known with hereditary tumor syndromes such as Multiple Endocrine Neoplasia Type 1 
(MEN-1) or Von Hippel Lindau syndrome. These patients may develop multiple well-differ-
entiated functional or non-functional endocrine tumors in the pancreas.  

Like functional pNETs non-functional pNETs also secrete peptides such as chromogranin A, 
a glycoprotein which can be used as a serum tumor marker in patients with pNETs. Chro-
mogranin A is often elevated in patients with pNETs but it may also be elevated in other sit-
uations such as impaired renal function, chronic atrophic gastritis or proton pomp inhibitor 
treatment. The diagnostic accuracy of chromogranin A is high in patients with metastatic dis-
ease and therefore it is often used as a tumor marker during follow-up of patients after surgi-
cal resection of pNETs or to evaluate treatment response in patients with metastatic disease4. 

For the initial diagnosis a computerized tomography (CT) scan, magnetic resonance imag-
ing(MRI) and an endoscopic ultrasound (EUS) are the most used imaging modalities. Since 
somatostatin receptors are highly expressed on most neuroendocrine tumors. Therefore, an 
additional somatostatin-receptor scintigraphy (Octreoscan®) can be made for optimal stag-
ing. A single photon emission CT (SPECT) can be used to display the anatomic location of the 
uptake5. A somatostatin-receptor scintigraphy is indicated for the detection and localization 
of the primary tumor and recurrent disease during follow-up. Furthermore it could select 
patients with locally advanced or metastatic disease for peptide receptor radionuclide therapy 
(PRRT). 

Surgical treatment
As for many carcinomas, surgical resection is the only curative treatment of patients with 
pNETs. Based on tumor location and tumor size, different surgical procedures are available. 
In patients with a pNET in the pancreatic head, the tumor could be enucleated or a pancrea
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toduodenectomy could be conducted. In patients with a tumor in the pancreatic body or tail, 
an enucleation, central pancreatectomy or (spleen preserving) distal pancreatectomy can be 
performed. If a tumor enucleation is preffered, only the tumor will be removed with a small 
part of the pancreas (head, corpus or tail). An enucleation is particulary indicated in patients 
with benign disease such as pancreatic cysts or symptomatic intra pancreatic mucinous neo-
plasms, without any worrisome features. An enucleation is often performed in patients with 
insulinomas or small non-functional pNETs, since most of these tumors are benigne. In pa-
tients with a larger tumor, a standard resection will be performed, which is also adviced for 
small tumor nearby the main pancreatic duct in order to prevent complications such as pan-
creatic leakage6. Since small pNET usually are less aggressive, a lymphadenectomy is usually 
not carried out7. 

Most of the aformended surgical procedures nowadays are performed laparoscopicly as well, 
however the experience with laparoscopic pancreatic surgery for pNETS increases slowly8–10. 
Compared to pancreatic adenocarcinoma, pNETs are less aggressive and therefore patients 
with metastases may be benefit from surgery as well. In patients with limited metastasic liver 
disease, a combined resection of both the primary tumor in the pancreas as well as the liver 
lesions can be performed. Liver embolisation or radiofrequency ablation (RFA) can be com-
bined with resection of the primary pNET and resection of the liver metastasis. In general, 
aggressive extended surgery is feasable in patients low proliferation index of the primary tu-
mor and without other extra-abdominal disease.2

Pancreatic surgery is often associated with minor but also major complications. The main 
complications after pancreatic surgery are pancreatic fistula, delayed gastric emptying and 
postoperative bleeding. Based on the international study group of pancreatic surgery (ISGPS) 
criteria, these complications can be divided in grade A, B and C in which a grade A has often 
no clinical relevance11–13. In grade B or C pancreatic fistula, the clinical condition is more 
severe with signs of infections, persistent drainage and even sepsis, reoperation or death in 
grade C pancreatic fistula. Especially pancreatic fistula are a common complication after pan-
creatic surgery in patients with pNET. The Clavien-Dindo grading system also defines the 
severity of the complications in terms of re-interventions and organ failure14. A long-term 
complication, especially after pancreatoduodenectomy, is pancreatic insufficiency, either en-
docrine or exocrine or both.  Endocrine insuffiency is characterized by development of dia-
betes mellitus and exocrine insuffiency is characterized by complaints of steatorrhea, weight 
loss  and abdominal pain. 

Pathology and prognosis
In the past decades, much has changed regarding the classification and nomenclature in pa-
tients with a neuroendocrine tumor. Besides the TNM classification, the World Health Or-
ganisation (WHO) grading system of 2010 is often used to express tumor proliferation15.  Tu-
mor grading is based on the number of mitosis per unit area and the proliferation index by 
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the Ki67 index, (table 1). 

Tumor grade Mitotic Count
per10 high power fields (HPF) Ki67 Index

Grade 1 < 2 < 2%

Grade 2 2-20 3-20%

Grade 3 > 20 >20 %

Table 1. Tumor grading neuroendocrine tumors

Prognosis is mainly dependent on the presence of distant metastases. The median survival of 
patients with distant metastasis is 23 months. The median survival of patients with regional 
and localized disease is 70 and 124 months, respectively. Patients with tumor grade 1 have a 
much better prognosis compared to patients with a tumor grade 3. In patients with extended 
liver resection, the 5-year survival ranges from 47-76%12. 

Follow-up
The aim of follow-up is to evaluate physical symptoms and to detect recurrent disease since 
there are several treatment options for patients with tumor recurrence. According to the Eu-
ropean Neuroendocrine Tumor Society (ENETS) guidelines, a follow-up program is not re-
quired in patients with a pNET grade 1 who have undergone a radical resection.

In general, the follow-up program of patients with grade 2 pNETs consists of the determi-
nation of chromogranin A levels in combination with radiological examinations such as ul-
trasound, MRI/CT and octreotide scintigraphy on a yearly basis. In patients with grade 3 
tumors, the follow-up program should be intensified to every 6 months2.  

In patients affected by hereditary tumor syndromes, follow-up should be performed with a 
6 to 12 months interval to evaluate symptoms related to hyperparathyroidism or pituitary 
disease. Extended biochemical evaluation is needed such as ionized calcium, serum PTH and 
prolactin. Patients with curative resected gastrinoma will be evaluated on a yearly basis.  In 
patients with a curative resected insulinoma, a follow-up program should only be continued 
after 6 months if symptoms recur3. 

Recurrent disease  
Patients with recurrent disease after curative resection can be offered various treatments. Be-
sides surgical resection of metastasis and embolization /RFA of liver lesions, several other 
treatment options may be provided.

First, somatostatin analogues are often used to treat metastatic symptoms caused by the hor-
mone hypersecretion. Somatostatin analogues will reduce the secretion of these hormones. 
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Furthermore, recently the CLARINET study showed also a significant antitumor effect. Com 
pared to patients treated with a placebo. Patients treated with somatostatin analogue (Lan-
reotide 120mg) had a significant prolonged progression free survival17. The new developed 
analogue Pasireotide might also be an effective antiproliferative drug18. 

Secondly, chemotherapy can be recommended in patients with tumor-related symptoms, 
high tumor load in the liver or tumor progression. Frequently, combinations such as Strepto-
zotocin/5-FU, temozolomide/capecitabineor Cisplatin/etoposide can be given 19,20. 

Thirdly, peptide receptor radionuclide therapy (PRRT) can be a treatment option in patients 
with a high uptake on the Octreoscan. With the use of radioactive labeled somatostatin an-
alogues, tumor cell death could be obtained and therefore symptoms may relief, tumor load 
may be reduced and often stable disease could be achieved21,22. 

Finally, two new biologicals have been used in randomized clinical trials with beneficial ef-
fects. Everolimus is an oral inhibitor of mTOR (mammalian target of rapamycin) and mTOR 
stimulates cell growth, proliferation and angiogenesis. Inhibition of mTOR causes a antipro-
liferative effect in patients with advanced pNET23. Sunitinib is a multitargeted tyrosine kinase 
inhibitor and by the inhibition of growth factors such as vascular endothelial growth factor 
(VEGF) or platelet-drived growth factors receptors (PDGFRs) tumor growth can be delayed. 
In a recent study, daily administration of Sunitinib improved progression free survival in 
patients with advanced pNET24. 
 
Aim and outline of the thesis
In current European guidelines, surgical management of patients with pNET is mostly de-
scriptive rather than leading2,3. The aim of the thesis is to complement the scientific evidence 
in several topics in the surgical management of patients with pNET. 

The studies on postoperative outcome and survival after the surgical management of patients 
with pNET are limited to cohort studies or case series, no results of randomized trials have 
been published. In chapter 2 we have performed a systematic review in order to combine all 
the available evidence on postoperative outcome/complications and survival after surgery for 
pNETs. The postoperative outcome was defined as pancreatic fistula, delayed gastric emp-
tying, postoperative hemorrhage and in-hospital mortality. The postoperative outcome was 
analyzed for each surgical procedure separately as well as a proportion analysis. In addition, 
a survival analysis was performed on both the 5-year overall survival and 5-year disease spe-
cific survival after surgical resection in patients with or without synchronously resected liver 
metastasis. In the literature, a tumor enucleation is often described as a low risk operation 
with only an increased risk of pancreatic fistula. In chapter 3 we have analyzed the postop-
erative outcome in patients with pNET of the Academic Medical Center in Amsterdam and 
the Erasmus Medical Center in Rotterdam to determine if outcome after tumor enucleation 
was better compared to the other surgical procedures. We have analyzed the postoperative 
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complications for each surgical procedure separately with both ISGPS- and Clavien-Dindo 
criteria together with the in-hospital stay, need for re-interventions and re-admissions for 
each surgical procedure. 

A relatively new technique is the laparoscopic pancreatic tail resection. In chapter 4 we have 
investigated whether a laparoscopic procedure is safe compared to an open procedure, based 
on postoperative outcome. Since the surgical technique is likely to be comparable in patients 
with pNET and other diagnosis such as pancreatic adenocarcinomas, we combined the differ-
ent diagnosis in one cohort. 

Some studies suggest, that the diagnosis pNET can be a risk factor for pancreatic fistula due 
to the texture of the pancreas25.  In chapter 5 we tested this hypothesis. Therefore, we have 
compared the morbidity in patients with pNET after pancreatic surgery to other types of 
pathology.

Postoperative hemorrhage is another severe complication after pancreatic surgery causing a 
high mortality13. Pancreatic fistula is a well-known risk factor for postoperative hemorrhage. 
Therefore, in chapter 6 the outcome after postoperative hemorrhage and the need for re-in-
tervention was analyzed.  

During the pre-operative workup or follow-up, a somatostatin receptor scintigraphy can be 
performed to detect the primary tumor or recurrent disease after curative resection. Soma-
tostatin receptor scintigraphy is often performed as second test after a CT scan. It is un-
clear if patients benefit from this extra additional imaging. Therefore, in chapter 7 we have 
determined the additional value of somatostatin receptor scintigraphy during pre-operative 
staging and follow-up after standard imaging. Main endpoints were a change in TNM classi-
fication or a change in management after the somatostatin receptor scintigraphy. 

Chromogranin A (CgA) is often used as a biochemical tumor marker in patients with pNETs. 
Since CgA is mostly used to detect recurrent disease or evaluate tumor response, no evidence 
is available for the determination of CgA in patients with resectable non-functioning pNETs. 
Therefore, in chapter 8 we have analyzed the diagnostic accuracy and additional value of CgA 
in this selected group of patients. 

In most studies on long-term follow-up, the group of patients with resected pNET is inho-
mogeneous. Studies included patients with hereditary syndromes, well differentiated / poor-
ly differentiated tumors, functional/non-functional pNET, with or without liver metastases. 
Follow-up programs are not uniform and not based on risk profiles. In chapter 9 we have 
identified risk factors for recurrent disease within 5 years after pancreatic resection in patients 
with a grade 1 and 2 pNETs without synchronous metastases or hereditary syndromes. Based  
on our findings, we have developed a nomogram to predict recurrent disease and to identify 
high-risk patients for recurrent disease. 

1
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ABSTRACT 

Background: Studies on postoperative complications and survival in patients with pancreatic 
neuroendocrine tumors (pNETs) are sparse and randomized controlled trials are not avail-
able. We reviewed all studies on postoperative complications and survival after resection of 
pNETs.
 
Method: A systematic search was performed in the Cochrane Central Register of Controlled 
Trials, MEDLINE and EMBASE from 2000-2013. Inclusion criteria were studies of resected 
pNETs, which described postoperative complications separately for each surgical procedure 
and/or 5-year survival after resection. Prospective and retrospective studies were pooled sep-
arately and overall pooled if heterogeneity was below 75%. The random-effect model was 
used. 

Results: Overall, 2643 studies were identified and after full-text analysis 62 studies were in-
cluded. Pancreatic fistula (PF) rate of the prospective studies after tumor enucleation was 
45%; PF-rates after distal pancreatectomy, pancreatoduodenectomy or central pancreatecto-
my were resp. 14%-14%-58%. Delayed gastric emptying rates were resp. 5%-5%-18%-16%. 
Postoperative haemorrhage rates were resp. 6%-1%-7%-4%. In-hospital mortality rates were 
resp. 3%-4%-6%-4%. The 5-year overall survival (OS) and disease specific survival (DSS) of 
resected pNETs without synchronous resected liver metastases were resp. 85%-93%. Heter-
ogeneity between included studies on 5-year OS in patients with synchronous resected liver 
metastases was too high to pool all studies. The 5-year DSS in patients with liver metastases 
was 80%. 

Conclusion: Morbidity after pancreatic resection for pNET was mainly caused by PF. Liver 
resection in patients with liver metastases seems to have a positive effect on DSS. To reduce 
heterogeneity between studies on pNET, a uniform description of the postoperative outcome 
and survival is needed. 
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POSTOPERATIVE COMPLICATIONS, IN-HOSPITAL MORTALITY AND 5-YEAR SURVIVAL AFTER SURGICAL RESECTION

INTRODUCTION

Given the rarity of pancreatic neuroendocrine tumors (pNETs), well-designed randomized 
controlled trials on surgical treatment for pNET are not available1–3. Most studies are cohort 
studies or case reports and therefore the level of evidence in studies on surgical treatment of 
pNETs is limited to level III.  

Studies on postoperative complications and in-hospital mortality often describe pNETs as 
part of a larger study population. These studies include patients with pancreatic ductal adeno-
carcinoma, intraductal papillary mucinous neoplasm (IPMN), chronic pancreatitis, pancreat-
ic adenomas as well as pNETs4–6. These diagnoses may influence the postoperative complica-
tion rate and operative mortality. It is well known that patients with pancreatitis have a lower 
postoperative pancreatic fistula rate compared to non-pancreatitis patients7. Furthermore, 
postoperative complications after pancreatic surgery for pNET is influenced by the type of 
surgery, such as pancreatoduodenectomy, distal pancreatectomy, central pancreatectomy or 
enucleation8–11. Studies analyzing postoperative complications caused by the different surgical 
procedures in patients with pNET are limited.  

Survival of pNET patients is mainly affected by metastasis found at the time of diagnosis. 
The overall 5-year survival of non-functional pNETs in patients with distant metastases (M1) 
is 43% with a median survival of 23 months In contrast, patients with resected functional 
pNETs without metastases (M0) have a survival rate of  90-100%2,3. Survival is often present-
ed by tumor stages but different staging systems are used, e.g. American Joint Committee on 
Cancer (AJCC) staging or European Neuro Endocrine Tumor Society (ENETS) staging sys-
tem12,13. Another difficulty in analyzing survival of patients with pNETs after resection is the 
inclusion of non-hereditary and hereditary patients in the same cohort. Survival outcome of 
patients Multiple Endocrine Neoplasia type 1 (MEN-1) or Von Hippel-Lindau (VHL) disease 
may be influenced since these tumors are often early diagnosed and indication for the surgical 
treatment can be different3.  

Considering the limitations of most studies as summarized, the aim of this study was to sys-
tematic review all studies on postoperative complications and 5-year survival in patients with 
resected pNETs.
 
METHODS

Search methods and Identification of studies 
All types of study, including cohort, case-control or case series and languages, were included. 
Inclusion period ranged from January 2000 till December 2013. In 2000 the WHO classifica-
tion was introduced and clearly defined the phenotypes of NETs and their clinicopathological 
conditions. In order to reduce ambiguities and heterogeneity on pathological origin, studies 
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before from 2000 were included14. The Cochrane Central Register of Controlled trials (CEN-
TRAL) in the Cochrane Library, MEDLINE and EMBASE were searched for studies. Also the 
references of the identified studies were searched to identify suitable studies. 

The search strategy was supervised by the local librarian and the query terms “neuroendo-
crine tumor”, “carcinoid”, “pancreas”, “foregut”, “pNET”, “GEP-NET”, “pancreatoduodenec-
tomy”, “enucleation”, “pancreatectomy”, “complications”, “fistula”, “bleeding”, “delayed gastric 
emptying”, “survival” or every possible variants of these terms were used. Two authors (APJJ, 
EJMND) independently reviewed all included studies on title and abstract and later on full 
text. 

Inclusion criteria were all studies on resected pNETs in which the postoperative complica-
tions, in-hospital mortality or survival after surgical resection was described. Postoperative 
complications were defined as pancreatic fistula, delayed gastric emptying, bleeding and mor-
tality as in-hospital mortality after resection. Finally, at least 10 patients with a pNET had to 
be included in the study to reduce bias and heterogeneity and to enhance scientific relevance. 
Studies were scored as invalid if the patients were analyzed as a part of a larger cohort of 
none-pNET and the data of the patients with a pNET could not be extracted from full text 
analysis. Also, if not all described patients had undergone surgery and/or the resected patients 
have not been described separately or if studies described the postoperative complications or 
in-hospital mortality of the entire group and not specific after one surgical procedure, studies 
were scored as invalid. Finally, in order to improve homogeneity, studies were excluded from 
the 5-year survival analysis if all the patients of the study were affected with the MEN-1-syn-
drome/VHL disease or if all the included patients in the study had liver metastasis at time of 
surgery. 

Data collection and statistical analysis
After screening on title and abstract, a full text screening was performed to determine if the 
studies fulfilled the inclusion criteria. Data of postoperative complications, in-hospital mor-
tality and survival were extracted. If possible, the complications were scored according the 
ISGPF/S criteria15–17. An overall (grade A/B/C) pancreatic fistula rate and if possible a grade 
B/C pancreatic fistula rate was calculated. If the  grade B/C pancreatic fistula rate was not 
described in detail, that study was only included in the overall pancreatic fistula proportion 
analysis. The same yields for delayed gastric emptying and postoperative haemorrhage. The 
variables of the postoperative complications and in-hospital mortality were analysed for each 
surgical procedure. Studies on survival were only included if the overall 5-year survival and/
or the 5-year disease specific survival after curative resection could be extracted in patients 
with and/or without curative resected liver metastases. No strict definitions of a curative re-
section were enforced. If the survival was analysed based on resection margins, the R0 resec-
tion margin was used.



23

Postoperative complications, in-hospital mortality and 5-year survival were given in pro-
portions with a 95% confidence interval (CI) and a meta-analysis of these proportions was 
performed with R18. The random effects model was used for expected heterogeneity. The I² 
statistics was used to measure the consistency between the studies in the meta-analysis. If the 
I² statistics was above 75%, the heterogeneity was considerable and the results of proportion 
analysis were not suitable for a meta-analysis19–21. In order to make a distinction in the quality 
of the studies, prospective and retrospective studies were analyzed separately. From all the 
prospective and retrospective studies an estimated pooled proportion was calculated and if 
the I2 statistics were both below 75%, all studies were pooled in an overall proportion.    

Assessment of risk of bias
For the assessment of the risk of bias, the methodological index for non-randomized studies 
(MINORS) was used22. The MINORS contains 8 items: clear stated aim, inclusion consecutive 
patients, prospective data collection, endpoints appropriate to aim, unbiased assessment of 
the endpoint, appropriate follow-up period, loss to follow-up < 5% and prospective calcu-
lation of study size. Based on these 8 items, the included studies will be scored to a 3-point 
scale from 0 to 2. An item scored 0 if the item was not reported. An item scored 1, if it was 
reported but inadequate and an item scored 2 if it was reported and adequate. The ideal total 
score would be 16. An appropriate follow-up for the studies included in the survival analysis 
was at least 40 months. If it was not exactly described whether all the patients were included 
in the follow-up, the study scored 1 point in “lost to follow-up”. 
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RESULTS

A total of 2643 studies were identified through searching the different databases, including 
Cochrane Central Register of Controlled trials (CENTRAL) in the Cochrane Library, MED-
LINE and EMBASE. A total of 511 duplicate studies were excluded, as depicted in figure 1, 
therefore 2132 references were suitable for further assessment. Of all these references, 1956 
were excluded because they did not meet the inclusion criteria or the studies were invalid. In-
itially 176 studies were included in the full-text search and after these articles looked through, 
114 studies were withdrawn by their outcome. Finally, 62 studies were included in this me-
ta-analysis, 10 studies for postoperative complications, in-hospital mortality and survival 
analysis, 16 studies for only postoperative outcome analysis and 36 for only survival analysis, 
as depicted in figure 1. 

Figure 1. Flow Chart of the search strategy

References identified through 
database searching

n = 2643
Pubmed n = 707
Cochrane n = 16
Embase n = 1920

References retrieved for more 
detailed evaluation

n = 2132

Potentially studies included in 
full-text analysis

n = 176

Studies included in meta-analysis
n = 62

Both short-term as survival n = 10
Short-term analysis n = 16

Survival analysis n = 36

Studies withdrawn by outcome   n = 114

No description of short-term outcome per procedures n = 37
Mixed cohort with other diagnosis / not resected patients      n = 11
No description of overall 5-year survival / 
disease specific survival    n = 50
Only MEN-1/VHL disease or liver metastases  n = 16

References excluded     n = 1956

No pNET    n = 490
Not operated for pNET   n = 457
No short-term outcome/survival   n = 120
Less 10 patients included with pNET   n = 673
Invalid data/language    n = 216

Excluded references    n = 511
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Postoperative complications
Pancreatic fistula 
Estimated pooled pancreatic fistula (PF) rate after tumor enucleation was 45% (95% CI: 34-
57%, I2: 57%), based on 6 prospective studies with 220 included patients23–28. Heterogeneity 
of the 16 retrospective studies was too high to pool all 22 studies, as depicted in figure 229–44. 
Overall PF rate grade B/C after tumor enucleation was 27% (95%CI 19-37%), based on 8 
studies with a total of 324 included patients45–52 (see appendix figure 1).  Overall PF rate af-
ter distal pancreatectomy was 14% (95%CI 10-19%), based on 18 studies with a total of 383 
included patients, as depicted in figure 323,24,29–37,39,41–44,53,54. The overall grade B/C PF rate after 
distal pancreatectomy was 8% (95%CI 2-35%), based on 2 studies with a total of 74 included 
patients45,52 (see appendix figure 2).  Overall PF rate after pancreatoduodenectomy was 14% 
(95%CI 9-21), based on 11 studies with a total amount of 171 included patients as depicted in 
figure 423,29–31,34,35,41,44,54–56. None of these studies described grade B/C PF rate in detail. Overall 
PF rate after central pancreatectomy was 58% (95%CI 41-73%), based on 4 studies with a total 
of 56 included patients (see appendix figure 3)25,28,34,41. Two studies described grade B/C PF 
rate ranging from 12% to 41% (see appendix figure 4). Heterogeneity was too high to perform 
a pooled meta-analysis (I2 77%)46,47. 

Delayed gastric emptying 
Delayed gastric emptying (DGE) was rarely reported and only the overall DGE rate was 
analyzed since none of the included studies made a distinction based on the ISGPS criteria. 
Overall DGE rate after tumor enucleation was 5% (95%CI 2-10%) based on six studies with 
a total amount of 231 included patients (see figure 5)26,28,34,35,38,54. Overall DGE rate after distal 
pancreatectomy was 5% (95%CI 1-19%, I2 12%)34,35,54, based on three studies with a total of 
62 included patients (see figure 6), after pancreatoduodenectomy 18% (95%CI 10-31%, I2 

0%)34,35,54 based on three studies with a total of 51 included patients (see figure 7) and after 
central pancreatectomy, 16% (95%CI 1-71%, I2 73%)28,34 (see appendix figure 5). 

Postoperative haemorrhage
Postoperative haemorrhage was often not exactly defined according the ISGPS criteria in 
most studies. Therefore, a distinction between grade A and B/C haemorrhage could not be 
made. Six studies described the overall postoperative haemorrhage rate after tumor enucle-
ation with a total amount of 254 included patients (see figure 8). In these studies the overall 
postoperative haemorrhage rate was 6% (95%CI 3-12%)25,26,28,35,39,44. Two studies with a total 
amount of 62 included patients described an overall postoperative haemorrhage rate of 1% 
after distal pancreatectomy (95%CI 0-9%, I2 0 %)35,44 as depicted in figure 9. Overall postop-
erative haemorrhage rate after pancreatoduodenectomy was 7% (95%CI 3-15%, I2 0%), based 
on four studies with a total of 77 included patients35,44,55,56 (see figure 10) and after central 
pancreatectomy 4% (95%CI 1-16%, I2 0%), based on 2 studies (see appendix figure 6)25,28. 
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In-hospital mortality 
Overall pooled in-hospital mortality rate after tumor enucleation was 3% (95%CI 2-5%), 
based on 20 studies with a total amount of 624 patients29–40,42,44–48,54,57 (see appendix figure 
7).  The overall pooled in-hospital mortality after distal pancreatectomy was 4% (95%CI 
2-7%)23,24,29–37,39,42,44,53,54, based on 16 studies with a total of 267 included patients (see appendix 
figure 8) and 6% after pancreatoduodenectomy (95%CI 3-12%), based on 10 studies with a to-
tal of 146 included patients23,29–31,34,35,44,54–56 (see appendix figure 9). The overall pooled in-hos-
pital mortality after central pancreatectomy was 4% (95%CI 1-16%), based on 3 studies with 
a total of 51 included patients (see appendix figure 10)25,28,34. 

Survival analysis  
The 5-year overall and disease specific survival in patients without liver metastases 
In the survival analysis, a distinction is made between studies including patients with or 
without resected liver metastases. In the overall 5-year survival analysis of the resected pa-
tients without liver metastases, 15 studies were analyzed with a total of 3089 included pa-
tients36,47,50,58–69. The heterogeneity between the prospective studies was too high to perform a 
pooled meta-analysis (I2 95%), mainly caused by the study of Bilimoria et al69. The estimated 
pooled proportion of the overall 5-year survival of the retrospective studies was 85% (95%CI 
78-90%, I2 73.5%), see figure 11. In the 5-year disease specific survival (DSS) analysis, 6 stud-
ies were included with a total amount of 420 patients52,59,61,70–72. The overall pooled 5-year DSS 
after pancreatic resection was 93% (95%CI 88-96%), see appendix figure 11. 

The 5-year overall and disease specific survival in patients with liver metastases
In all the included studies, at least one patient per study had resected liver metastases. In 
the 5-year overall survival analysis, 23 studies were included with a total amount of 1540 
patients35,44,54,57,73–91. The heterogeneity was too high to perform an overall pooled proportion 
analysis, most studies included a proportion of high grade pNET (see figure 12). Four ret-
rospective studies with a total of 207 included patients described the 5-year disease specific 
survival in patients with liver involvement. The overall pooled 5-year DSS was 80% (95CI 
66-90%, I2 70%), see appendix figure 1292–95.

Assessment of risk of bias
On overview of the risk of bias of all the included studies is listed in table 1. The variety of the 
total points ranged from 5 to 12 points. None of the studies scored on unbiased assessment of 
the study endpoint or prospective calculation of the study size. Overall, 33/62 studies (53%) 
had a high MINOR score of ≥10 and only 8 studies (13%) had a low MINOR score ≤7. 
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Study Inclusion 
C / S / B1

Clear stated 
aim

Inclusion 
consecutive 

patients

Prospective 
data 

collection

Endpoints 
appropriate 

to aim

Unbiased 
assessment of 

endpoint

Appropriate 
follow-up 

period

Loss to 
follow-up 

<5%

Prospective 
calculation of 

study size
Total points

Niedergethmann et al, 2001 C 1 2 0 1 0 2 2 0 8

Solorzano et al, 2001 S 1 2 0 1 0 1 2 0 7

Chu et al, 2002 S 2 2 0 2 0 1 2 0 9

Matthews et al, 2002 C 2 2 0 2 0 2 2 0 10

Sarmiento et al, 2002 B 1 2 0 1 0 2 1 0 7

Guo et al, 2004 C 1 2 0 1 0 1 1 0 6

Norton et al, 2003 C 2 2 0 2 0 1 2 0 9

Jarufe et al, 2005 B 2 2 1 2 0 1 2 0 10

Moo Kang et al, 2005 S 2 2 0 2 0 1 2 0 9

Sledzianowski et al, 2005 C 2 2 2 2 0 2 2 0 12

Tomassetti et al, 2005 S 2 2 2 2 0 2 2 0 12

Vagefi et al, 2005 S 2 2 0 2 0 2 1 0 9

Bloomston et al, 2006 S 2 2 0 2 0 2 2 0 10

Chung et al, 2006 C 1 2 0 1 0 2 2 0 8

Kazanjian et al, 2006 B 2 2 0 2 0 2 2 0 10

Winter et al, 2006 S 1 2 0 1 0 2 2 0 8

Bahra et al, 2007 S 2 2 1 2 0 2 2 0 11

Casanova et al, 2007 C 0 2 0 0 0 2 2 0 6

Chul Chung et al, 2007 S 2 2 0 2 0 1 2 0 9

Liu et al, 2007 C 2 2 0 2 0 2 2 0 10

Nguyen et al, 2007 S 2 2 0 2 0 2 2 0 10

Schurr et al, 2007 S 2 2 0 2 0 2 2 0 10

Bettini et al, 2008 S 2 2 2 2 0 2 2 0 12

Bilimoria et al, 2008 S 2 2 2 2 0 2 2 0 12

Bonney et al, 2008 S 1 2 0 1 0 1 1 0 6

Fernández -Cruz et al, 2008 C 2 2 2 2 0 2 2 0 12

Fischer et al, 2008 S 2 2 2 2 0 1 2 0 11

Jagad et al, 2008 B 1 2 0 1 0 2 2 0 8
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Study Inclusion 
C / S / B1

Clear stated 
aim

Inclusion 
consecutive 

patients

Prospective 
data 

collection

Endpoints 
appropriate 

to aim

Unbiased 
assessment of 

endpoint

Appropriate 
follow-up 

period

Loss to 
follow-up 

<5%

Prospective 
calculation of 

study size
Total points

Niedergethmann et al, 2001 C 1 2 0 1 0 2 2 0 8

Solorzano et al, 2001 S 1 2 0 1 0 1 2 0 7

Chu et al, 2002 S 2 2 0 2 0 1 2 0 9

Matthews et al, 2002 C 2 2 0 2 0 2 2 0 10

Sarmiento et al, 2002 B 1 2 0 1 0 2 1 0 7

Guo et al, 2004 C 1 2 0 1 0 1 1 0 6

Norton et al, 2003 C 2 2 0 2 0 1 2 0 9

Jarufe et al, 2005 B 2 2 1 2 0 1 2 0 10

Moo Kang et al, 2005 S 2 2 0 2 0 1 2 0 9

Sledzianowski et al, 2005 C 2 2 2 2 0 2 2 0 12

Tomassetti et al, 2005 S 2 2 2 2 0 2 2 0 12

Vagefi et al, 2005 S 2 2 0 2 0 2 1 0 9

Bloomston et al, 2006 S 2 2 0 2 0 2 2 0 10

Chung et al, 2006 C 1 2 0 1 0 2 2 0 8

Kazanjian et al, 2006 B 2 2 0 2 0 2 2 0 10

Winter et al, 2006 S 1 2 0 1 0 2 2 0 8

Bahra et al, 2007 S 2 2 1 2 0 2 2 0 11

Casanova et al, 2007 C 0 2 0 0 0 2 2 0 6

Chul Chung et al, 2007 S 2 2 0 2 0 1 2 0 9

Liu et al, 2007 C 2 2 0 2 0 2 2 0 10

Nguyen et al, 2007 S 2 2 0 2 0 2 2 0 10

Schurr et al, 2007 S 2 2 0 2 0 2 2 0 10

Bettini et al, 2008 S 2 2 2 2 0 2 2 0 12

Bilimoria et al, 2008 S 2 2 2 2 0 2 2 0 12

Bonney et al, 2008 S 1 2 0 1 0 1 1 0 6

Fernández -Cruz et al, 2008 C 2 2 2 2 0 2 2 0 12

Fischer et al, 2008 S 2 2 2 2 0 1 2 0 11

Jagad et al, 2008 B 1 2 0 1 0 2 2 0 8
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Study Inclusion 
C / S / B1

Clear stated 
aim

Inclusion 
consecutive 

patients

Prospective 
data 

collection

Endpoints 
appropriate 

to aim

Unbiased 
assessment of 

endpoint

Appropriate 
follow-up 

period

Loss to 
follow-up 

<5%

Prospective 
calculation of 

study size
Total points

Ruiz-Tovar et al, 2008 B 0 2 0 0 0 2 1 0 5

Ballian et al, 2009 S 2 2 2 2 0 2 1 0 11

Goh et al, 2009 C 2 2 0 2 0 2 1 0 9

Pitt et al, 2009 B 2 2 0 2 0 1 2 0 9

Casadei et al, 2010 S 2 2 1 2 0 2 2 0 11

Falconi et al, 2010 C 2 2 2 2 0 2 2 0 12

Franko et al, 2010 S 2 2 0 2 0 1 2 0 9

Goh et al, 2010 S 2 2 0 2 0 1 2 0 9

Ito et al, 2010 S 2 2 0 2 0 2 2 0 10

Pomianowska et al, 2010 S 2 2 0 2 0 2 2 0 10

Scarpa et al, 2010 S 2 2 2 2 0 2 2 0 12

Arvold et al, 2012 S 2 2 0 2 0 1 2 0 9

Bettini et al, 2011 S 2 2 0 2 0 2 2 0 10

Fernández-Cruz et al, 2012 C 2 2 2 2 0 2 2 0 12

Hu et al, 2011 C 2 2 0 2 0 2 2 0 10

Krausch et al, 2011 S 2 1 0 2 0 1 1 0 7

Sellner et al, 2011 S 2 2 0 2 0 2 2 0 10

Wang  De-shen et al, 2011 S 2 2 0 2 0 2 1 0 9

Wang  Shin-E et al, 2011 S 2 2 0 2 0 2 2 0 10

Boninsegna et al, 2012 S 2 2 2 2 0 2 2 0 12

Cherif et al, 2012 B 2 2 2 2 0 2 2 0 12

Crippa et al, 2012 C 2 2 1 2 0 2 2 0 11

Dahdaleh et al, 2012 S 2 2 0 2 0 2 1 0 9

Inchauste et al, 2012 C 2 2 0 2 0 2 2 0 10

Kim et al, 2012 S 2 2 0 2 0 1 1 0 8

Krampitz et al, 2012 S 2 2 2 2 0 2 2 0 12

Poultsides et al, 2012 B 2 2 0 2 0 1 1 0 8

Tsuchikawa, et al, 2012 S 2 2 0 2 0 1 1 0 8
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Study Inclusion 
C / S / B1

Clear stated 
aim

Inclusion 
consecutive 

patients

Prospective 
data 

collection

Endpoints 
appropriate 

to aim

Unbiased 
assessment of 

endpoint

Appropriate 
follow-up 

period

Loss to 
follow-up 

<5%

Prospective 
calculation of 

study size
Total points

Ruiz-Tovar et al, 2008 B 0 2 0 0 0 2 1 0 5

Ballian et al, 2009 S 2 2 2 2 0 2 1 0 11

Goh et al, 2009 C 2 2 0 2 0 2 1 0 9

Pitt et al, 2009 B 2 2 0 2 0 1 2 0 9

Casadei et al, 2010 S 2 2 1 2 0 2 2 0 11

Falconi et al, 2010 C 2 2 2 2 0 2 2 0 12

Franko et al, 2010 S 2 2 0 2 0 1 2 0 9

Goh et al, 2010 S 2 2 0 2 0 1 2 0 9

Ito et al, 2010 S 2 2 0 2 0 2 2 0 10

Pomianowska et al, 2010 S 2 2 0 2 0 2 2 0 10

Scarpa et al, 2010 S 2 2 2 2 0 2 2 0 12

Arvold et al, 2012 S 2 2 0 2 0 1 2 0 9

Bettini et al, 2011 S 2 2 0 2 0 2 2 0 10

Fernández-Cruz et al, 2012 C 2 2 2 2 0 2 2 0 12

Hu et al, 2011 C 2 2 0 2 0 2 2 0 10

Krausch et al, 2011 S 2 1 0 2 0 1 1 0 7

Sellner et al, 2011 S 2 2 0 2 0 2 2 0 10

Wang  De-shen et al, 2011 S 2 2 0 2 0 2 1 0 9

Wang  Shin-E et al, 2011 S 2 2 0 2 0 2 2 0 10

Boninsegna et al, 2012 S 2 2 2 2 0 2 2 0 12

Cherif et al, 2012 B 2 2 2 2 0 2 2 0 12

Crippa et al, 2012 C 2 2 1 2 0 2 2 0 11

Dahdaleh et al, 2012 S 2 2 0 2 0 2 1 0 9

Inchauste et al, 2012 C 2 2 0 2 0 2 2 0 10

Kim et al, 2012 S 2 2 0 2 0 1 1 0 8

Krampitz et al, 2012 S 2 2 2 2 0 2 2 0 12

Poultsides et al, 2012 B 2 2 0 2 0 1 1 0 8

Tsuchikawa, et al, 2012 S 2 2 0 2 0 1 1 0 8
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Study Inclusion 
C / S / B1

Clear stated 
aim

Inclusion 
consecutive 

patients

Prospective 
data 

collection

Endpoints 
appropriate 

to aim

Unbiased 
assessment of 

endpoint

Appropriate 
follow-up 

period

Loss to 
follow-up 

<5%

Prospective 
calculation of 

study size
Total points

Tsutsumi et al, 2012 S 2 2 0 2 0 2 2 0 10

Zhang et al, 2012 C 2 2 0 2 0 2 1 0 9

Cherenfant et al, 2013 S 1 2 0 2 0 1 1 0 7

Haugvik et al, 2013 B 2 2 0 2 0 2 2 0 10

Martin-Perez et al, 2013 S 2 2 2 2 0 1 1 0 10

Watzka et al, 2013 B 2 2 0 2 0 0 1 1 8

1 study included in (c) complication analysis, (s) survival analysis or (b) both complication and survival analysis. 

DISCUSSION

This is the first systematic review including a proportion analysis on postoperative complica-
tions, in-hospital mortality and 5-year survival in patients with a pancreatic neuroendocrine 
tumor. Pooled PF rate after tumor enucleation of the prospective studies was high (45%) com-
pared to overall pooled PF rate after distal pancreatectomy (14%) and pancreatoduodenecto-
my (14%). In patients with other diagnosis including pancreatic adenocarcinoma, the overall 
incidence of PF after pancreatoduodenectomy ranges from 2% up to more than 20%96–99 and 
after distal pancreatectomy from 12-32%100-104. This is coherent with the incidence of PF in 
patients with pNET in our review. Since the presence of PF accounts in the majority of cases 
for a prolonged hospital stay, the high incidence of these complications after tumor enuclea-
tion is alarming.

The analysis of postoperative complications in pancreatic surgery is more uniform since the 
clear definitions of these complications by the International Study Group of Pancreatic Sur-
gery (ISGPS)15–17. The number of studies suitable for inclusion in the proportion analysis for 
pancreatic fistula grade B/C was limited. Most studies on grade B/C fistula (or delayed gastric 
emptying and postoperative haemorrhage) included patients with different underlying dis-
eases. Patients with pNET were part of the studied cohort. These studies were not included 
in this review. Tumor enucleation is mainly indicated for pNET and therefore the number of 
studies for proportion analysis on grade B/C pancreatic fistula was relatively high compared 
to the other procedures (appendix figure 1).  In future studies, we encourage the use of the 
ISGPS criteria in the analysis of postoperative complications and to describe the patients with 
pNET separately.  
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Study Inclusion 
C / S / B1

Clear stated 
aim

Inclusion 
consecutive 

patients

Prospective 
data 

collection

Endpoints 
appropriate 

to aim

Unbiased 
assessment of 

endpoint

Appropriate 
follow-up 

period

Loss to 
follow-up 

<5%

Prospective 
calculation of 

study size
Total points

Tsutsumi et al, 2012 S 2 2 0 2 0 2 2 0 10

Zhang et al, 2012 C 2 2 0 2 0 2 1 0 9

Cherenfant et al, 2013 S 1 2 0 2 0 1 1 0 7

Haugvik et al, 2013 B 2 2 0 2 0 2 2 0 10

Martin-Perez et al, 2013 S 2 2 2 2 0 1 1 0 10

Watzka et al, 2013 B 2 2 0 2 0 0 1 1 8

1 study included in (c) complication analysis, (s) survival analysis or (b) both complication and survival analysis. 

Table 1. Risk of Bias according MINORS

Recently, Hüttner et al described a high incidence of pancreatic fistula after tumor enucleation 
in patients with all types of pancreatic neoplasms105. Although the authors conclude that a 
tumor enucleation can be performed safely and is considerable instead of a standard resec-
tion, this conclusion should be interpreted with caution. Even in high volume centres, the 
incidence of pancreatic fistula was comparable after both tumor enucleation and standard 
resection (both 23%) and therefore extensive experience in pancreatic surgery does not de-
crease the rate of pancreatic fistula. Although overall length of stay and mortality after tumor 
enucleation is lower compared to a standard resection, patients with severe pancreatic fistula 
will have comparable length of stay and mortality.  

A considerable amount of studies described the 5-year survival after pancreatic resection with 
or without liver metastases. The 5-year disease specific survival in patients with and without 
liver metastases was fairly comparable with respectively 93% and 80%. Although there will be 
differences in tumor differentiation, functionality or hereditary tumors, the survival rate after 
surgical resection in patients with liver metastases is high. An aggressive treatment in patients 
with liver metastases may be justified. However, both patients and tumor characteristics, such 
as total tumor load in the liver, are important in this treatment. In our review, the heteroge-
neity between the included studies in the 5-year overall survival analysis was high (fig 9 and 
10).  These differences can be explained by the patients’ characteristics of the included studies. 
For example, in the study of Bahra et al, patients were enrolled with at least two malignant 
factors such as invasion in adjacent organs, metastases, tumor invasion, tumor size ≥ 2cm and 
tumor grade 2 or 3 pNET82. Bilimoria et al69 also enrolled patients with distant metastases 
(20%), positive lymph nodes (52.8%) and poorly differentiated pNET (22.1%). Most likely, a 
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high grade/poorly differentiated tumor has more influence on survival than the presence of 
resected liver metastases. This hypothesis has not been analyzed in this review. In addition, 
in most studies no differentiation was made between functional and non-functional pNETs. 
Since no randomized controlled trials were available, heterogeneity was notable. During full-
text analysis, some studies were not clear or incomplete on the description of the outcome. 
For example, studies described the outcome after “standard pancreatic resection” but different 
definitions for a standard resection were used. Some studies described patients after pancrea-
toduodenectomy and distal pancreatectomy10,28,104 while other studies described patients with 
all types of pancreatic resection including central pancreatectomy and total pancreatecto-
my26,38,40. Furthermore, some large studies, especially studies that extracted the data from the 
SEER database, described the survival outcome per tumor stage and most of these studies 
have not described an overall 5-year survival. Moreover, it was not always clear if all the 
included patients with stage IV disease were operated. All these studies were excluded from 
this review. There is no agreement of the exact cut-off value of heterogeneity in which it is ac-
cepted to perform a meta-analysis. According to the Cochrane handbook, with an I2 above 75, 
heterogeneity is considerable21. By the strict inclusion criteria, effort has been made to include 
homogeneous data and studies with good quality but the diversity of the studies on pNET is 
considerable and this review shows the best available data up till now. 

In conclusion
Based on this review, we would like to recommend using uniform definitions for “pancreat-
ic resection” or well-described “atypical resections” for a careful comparison of clinical out-
come. Furthermore, the ISGPS criteria and Clavien-Dindo grading system should be used 
in the analysis of postoperative complications. In survival analysis, a distinguish should be 
made between tumor grade/tumor differentiation, patients with a hereditarily syndrome and 
patients with a functional or non-functional pNET. Although pNET is a rare disease, studies 
on postoperative outcome and survival must be uniform and clear to be able to interpret the 
results in the right way and to use the results in daily practice.   
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Figure 2. Overall pancreatic fistula rate after tumor enucleation
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Figure 3. Overall pancreatic fistula rate after distal pancreatectomy

Figure 4. Overall pancreatic fistula rate after pancreatoduodenectomy
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Figure 5. Overall delayed gastric emptying rate after tumor enucleation 

Figure 6. Overall delayed gastric emptying  rate after distal pancreatectomy

Figure 7. Overall delayed gastric emptying rate after pancreatoduodenectomy
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Figure 8. Overall postoperative haemorrhage rate after tumor enucleation

Figure 9. Overall postoperative haemorrhage rate after distal pancreatectomy

Figure 10. Overall postoperative haemorrhage rate after pancreatoduodenectomy
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Figure 11. Overall 5-year survival in patients without liver metastases

1 High grade: patients with grade 3 or poorly differentiated pNET may be included.
2 MEN: patients with a hereditary syndrome such as MEN1 syndrome or von Hippel Lindau may be included.
3 NF/F. patients with non-functional pNET or functional pNET may be included

+ Some patients are affected with the condition

-  None of the patients are affected with the condition

NS not specified. The study did not specified the number of patients with the condition 
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Figure 12. Overall 5-year survival in patients with liver metastases 

1 High grade: patients with grade 3 or poorly differentiated pNET may be included.
2 MEN: patients with a hereditary syndrome such as MEN1 syndrome or von Hippel Lindau may be included.
3 NF/F. patients with non-functional pNET or functional pNET may be included

+ Some patients are affected with the condition

-  None of the patients are affected with the condition

NS not specified. The study did not specified the number of patients with the condition 
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ADDITIONAL FIGURES

Appendix figure 1. Pancreatic fistula rate grade B/C after tumor enucleation

Appendix figure 2. Pancreatic fistula rate grade B/C after distal pancreatectomy

Appendix figure 3. Overall pancreatic fistula rate after central pancreatectomy
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Appendix figure 4. Pancreatic fistula rate grade B/C after central pancreatectomy

Appendix figure 5. Overall delayed gastric emptying rate after central pancreatectomy 

Appendix figure 6. Overall postoperative haemorrhage rate after central pancreatectomy
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Appendix figure 7. In hospital mortality rate after tumor enucleation 
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Appendix figure 8. In hospital mortality rate after distal pancreatectomy
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Appendix figure 9. In hospital mortality rate after pancreatoduodenectomy

Appendix figure 10. In hospital mortality rate after central pancreatectomy
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Appendix figure 11. 5-year disease specific survival in patients without liver metastases

1 High grade: patients with grade 3 or poorly differentiated pNET may be included.
2 MEN: patients with a hereditary syndrome such as MEN1 syndrome or von Hippel Lindau may be included.
3 NF/F. patients with non-functional pNET or functional pNET may be included

+ Some patients are affected with the condition

-  None of the patients are affected with the condition

NS not specified. The study did not specified the number of patients with the condition 

Appendix figure 12. 5-year disease specific survival in patients with liver metastases

1 High grade: patients with grade 3 or poorly differentiated pNET may be included.
2 MEN: patients with a hereditary syndrome such as MEN1 syndrome or von Hippel Lindau may be included.
3 NF/F. patients with non-functional pNET or functional pNET may be included

+ Some patients are affected with the condition

-  None of the patients are affected with the condition

NS not specified. The study did not specified the number of patients with the condition 
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ABSTRACT

Background: Either enucleation or more extended resection are performed to treat patients 
with pancreatic neuroendocrine tumor (pNET). Aim was to analyze the postoperative com-
plications for each operation separately. Furthermore, independent risk factors for complica-
tions and incidence of pancreatic insufficiency were analyzed.

Methods: Retrospective all resected patients from two academic hospitals in The Nether-
lands between 1992-2013 were included. Postoperative complications were scored by both 
ISGPS-and Clavien-Dindo criteria. Based on tumor location, operations were compared. In-
dependent risk factors for overall complications were identified. During long-term follow-up 
pancreatic insufficiency and recurrent disease were analyzed. 

Results: Tumor enucleation was performed in 60/205 patients (29%), pancreatoduodenec-
tomy in 65/205 (31%), distal pancreatectomy in 72/205 (35%) and central pancreatectomy 
in 8/205 (4%) patients. Overall complications after tumor enucleation of the pancreatic head 
and pancreatoduodenectomy were comparable, 24/35 (69%) vs. 52/65 (80%). The same was 
found after tumor enucleation and resection of the pancreatic tail (36 vs.58%). Number of 
re-interventions and readmissions were comparable between all operations. After pancrea-
toduodenectomy, 33/65 patients had lymph node metastasis and in patients with tumor size 
≤ 2cm, 55% had lymph node metastasis.  Tumor in the head and BMI ≥ 25kg/m2 were in-
dependent risk factors for complications after enucleation. During follow-up, incidence of 
exocrine-and endocrine insufficiency was significant higher after pancreatoduodenectomy 
(resp. 55% and 19%) compared to the tumor enucleation and distal pancreatectomy(resp. 5% 
and 7% vs.8% and 13%). After tumor enucleation 19% developed recurrent disease.  

Conclusion: Since overall complication rate, need for re-interventions and readmissions 
were not lower for enucleation, tumor enucleation may be regarded as high-risk. Incidence of 
lymph node metastasis after pancreatoduodenectomy was high, even for small tumors.
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INTRODUCTION

Type of operation in patients with a pancreatic neuroendocrine tumor (pNET) primarily de-
pends on tumor location and tumor size 1,2. Besides a standard pancreatic resection, such as 
pancreatoduodenectomy or distal pancreatectomy, enucleation of a tumor in pancreatic head 
or corpus/tail is frequently performed in patients with well-defined, small pNET located away 
from the pancreatic duct. Compared to pancreatic adenocarcinoma, pNETs have a much bet-
ter prognosis after resection and therefore, long-term postoperative outcome and pancreatic 
function may be more relevant in these patients 2,3.
 
Owing to the introduction of clear clinical grading systems for pancreatic fistula, postoper-
ative bleeding and delayed gastric emptying by the International Study Group of Pancreatic 
Surgery (ISGPS)4–6, the severity of these postoperative complications can now be categorized 
in detail.  Also by using the Clavien-Dindo grading system, the severity of the complications 
can be specified in terms of need for re-intervention and organ failure7.
  
In most studies on postoperative outcome, patients with different diagnoses are enrolled. This 
may affect the outcome since the diagnosis “pancreatic neuroendocrine tumor” is in itself a 
risk factor for developing pancreatic complications, especially pancreatic fistula8. PNET are 
often associated with a non-dilated pancreatic duct and subsequently less inflammation and 
stromal changes in the pancreatic parenchyma, which leads to a soft and friable pancreas dur-
ing surgery. These factors consequently increase the pancreatic fistula rate after resection 8–14. 
Furthermore, tumor enucleation is often compared with a “standard resection” while a stand-
ard resection carries no uniform definition. Besides patients with a pancreatoduodenectomy 
or distal pancreatectomy, studies included patients with total pancreatectomy or even central 
pancreatectomy15–17.  

Aim of this study was to analyze postoperative complications for different operations, in 
particular enucleation versus standard resections, using both the ISGPS and Clavien-Dindo 
grading system in patients with a pancreatic neuroendocrine tumor. Furthermore, we identi-
fied risk factors for overall complications after resection. Finally, the rate of pancreatic insuf-
ficiency was analyzed for the operations assessed in this study.  
 
METHODS

Patients 
All patients with resected pNET were included from the Academic Medical Center (AMC) 
in Amsterdam and from the Erasmus Medical Center (Erasmus MC) in Rotterdam, both in 
The Netherlands, in the period January 1992 through December 2013.  Both tertiary centers 
are high-volume centers for pancreatic surgery and are also specialized in the treatment of 
neuroendocrine tumors. Patients with extended combined operations were excluded. Eligi-
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ble patients were identified from pathology reports of all pancreatic resections. Patient and 
operation characteristics, postoperative complications and mortality were extracted from 
the patient records. Based on the operation, patients were stratified in different groups. A 
hereditary syndrome is defined as multiple endocrine neoplasia (MEN) syndrome or Von 
Hippel-Lindau syndrome. 

Pancreatic operations
Pancreatic enucleation
For small, superficial neuroendocrine tumors without a connection or in close relation to the 
pancreatic duct a pancreatic enucleation was performed while attempting not to damage the 
pancreatic duct 18. The decision was made after imaging and during surgery based on tumor 
size, superficial location and the relation to the pancreatic duct. In none of the patients with 
an enucleation, lymphadenectomy was carried out. Laparoscopic tumor enucleation was in-
troduced in the most recent years of the study.  

Pancreatic resection - pancreatoduodenectomy
For tumors located in the head of the pancreas, a pylorus-preserving pancreatoduodenecto-
my (PPPD) or, if necessary, a classical Whipple-Kausch pancreatoduodenectomy was per-
formed as described previously 19,20. Reconstruction was carried out through an end-to-side 
pancreaticojejunostomy (PJ), end-to-side hepaticojejunostomy (HJ) and a gastrojejunostomy 
(GJ) or duodenojejunostomy (DJ)21. One silicon drain was left in the lesser sac 19.  

Pancreatic resection - distal pancreatectomy 
For tumors located in the body or the tail of the pancreas, a distal pancreatectomy, with or 
without a splenectomy, was the standard. Splenectomy was performed to ensure a radical 
resection in case of a suspected malignant tumor or  an inadequate remaining blood supply to 
the spleen 22. In all patients the pancreatic remnant was closed either with sutures or a stapler. 
In the most recent years laparoscopic tail resection was introduced. 

Pancreatic resection –central pancreatectomy   
A central pancreatectomy was performed for tumors located in the central part of the pancre-
as not suitable for enucleation. Central pancreatectomy was performed when the tumor was 
embedded deeply in the pancreatic tissue with risk of damage to the pancreatic duct.  Recon-
struction was performed using an end-to-side, duct-to-mucosa PJ to secure internal drainage 
of the pancreatic tail remnant. The proximal pancreatic stump was closed with sutures or a 
surgical stapler.  Central pancreatectomy enables the surgeon to perform a less extended, pa-
renchyma preserving resection compared to a complete corpus/tail resection 23,24.  

Peptide receptor radionuclide therapy (PRRT) 
A specific group of patients (n= 12) from Erasmus MC, with locally advanced pNET or hae-
matogenous metastasis, received pre-operative treatment with PRRT before the index opera-
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tion 25. After PRRT, patients had partial/complete response of their primary tumor or metas-
tases and therefore were considered for resection.

Peri-operative treatment with somatostatin analogues 
Somatostatin analogues were routinely administered to patients with a high risk of developing 
pancreatic fistula, i.e.  patients with a non-dilated pancreatic duct and/or soft pancreatic tissue 
except in patients with insulinomas13,26. Also patients with symptoms related to their NET 
may have been treated with a somatostatin analogue. The diameter of the main pancreatic 
duct (MPD) was scored as < 3mm or ≥ 3mm based on radiological description on CT images 
or on peri-operative findings, using a cut-off value of ≥ 3 mm for a dilated duct 27,28.

Postoperative complications
The primary endpoint was the overall complication rate after pancreatic surgery. Complica-
tions were identified from the patient records. Also the discharge letters and medical notes 
were checked for reported complications. The medication list was checked on the use of anti-
biotics and somatostatin analogues. Laboratory tests and additional endoscopic or radiolog-
ical imaging or interventions during hospitalization were reviewed to confirm whether they 
were performed to detect or treat complications.  The independent Dutch national surgical 
complication registry used in both surgical departments was consulted for possibly over-
looked complications 29.  All pathology specimens were revised and scored according the 
WHO classification of 2010 30.

Severity of major complications after pancreatic surgery was scored using both the ISGPS-  
and the Clavien-Dindo classification7.  These major complications included: pancreatic fistula 
grade B/C, delayed gastric emptying grade B/C and post-operative bleeding grade B/C 4–6. 
Grade A complications were not considered as major complications since they had no clinical 
consequences. In addition, other complications were recorded. Chylous ascites was defined 
as a drain output with milky appearance, occurring simultaneously with the start of enteral 
feeding and confirmed with elevated triglyceride in the drain output as reported previously31. 
Pneumonia, surgical site infection, intra-abdominal abscess and urinary tract infection were 
defined according to the CDC guidelines32–34. In this study, pneumonia was described as hos-
pital-acquired pneumonia. Readmission was understood to be a new admission within 30 
days after discharge from the initial hospitalization. Re-intervention was understood to be a 
surgical, endoscopic or radiological re-intervention. Tumors were divided into small (≤2cm) 
and large (>2cm) tumors, based on preoperative radiological imaging. Resection margins 
are classified according the Royal College of Pathologists35 whereby tumors with microscopic 
margin involvement <1mm are classified as R1. Also in patients with unclear margins due to 
the damage caused by coagulation are classified as R1.  

Long-term follow-up
Secondary endpoint was pancreatic insufficiency during follow-up. Exocrine insufficiency 
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was defined as the persisting use of pancreatic enzymes as treatment for steatorrhea at least 
6 months after surgery. Endocrine insufficiency was defined as the development of diabetes 
mellitus after surgery. Patients with pre-existing diabetes mellitus or pre-existing exocrine 
insufficiency were excluded from the analysis. 

Data analyses 
Statistical analysis was performed using IBM SPSS statistics version 20.0 (IBM Corp. Ar-
monk, NY: IBM Corp.). Based on the type of outcome data, the unpaired t-test, Mann-Whit-
ney U test or the chi-squared test was used. The continuous variables are described with the 
interquartile range (IQR) or range. Postoperative outcome was compared in two different 
groups; patients with a tumor enucleation of the pancreatic head were compared with patients 
with pancreatoduodenectomy and patients with a tumor enucleation of pancreatic corpus/tail 
were compared with a distal pancreatectomy. An univariable analysis was performed to iden-
tify risk factors for overall complications. The factors with a P-value < 0.1 were analyzed in the 
multivariable logistic regression analysis to identify independent risk factors. A P-value below 
0.05 was considered significant. Missing values were imputed using multiple imputation36. 
The group of patients with a central pancreatectomy (n=8) was too small to perform statistical 
testing, therefore only the exact numbers are displayed in the tables. Long-term follow-up was 
presented as median in months. 
 
RESULTS
 
Overall 10 patients were excluded since they underwent extended combined operations. One 
patient underwent a liver transplantation and distal pancreatectomy simultaneously, 2 pa-
tients underwent hemihepatectomy and distal pancreatectomy simultaneously and 4 patients 
received both wedge resection of liver metastasis and radiofrequency ablation (RFA) of liver 
metastasis in combination with a distal pancreatectomy. The other 3 patients were excluded 
because resection was atypical; total pancreatectomy in 2 patients and duodenum preserving 
pancreatic head resection in 1 patient. Finally, a total of 205 patients with pNET with mean 
age of 52.5 yr. were included, 93 patients (45%) were male and 112 were female (55%). Sixty 
were treated with tumor enucleation, 65 with pancreatoduodenectomy, 72 with distal pan-
createctomy and 8 with a central pancreatectomy. Characteristics of the different groups of 
patients are listed in table 1. 

Perioperative outcomes
The mean operation time for tumor enucleation was 200 minutes, significantly shorter than 
that for pancreatoduodenectomy or distal pancreatectomy, i.e. 403 and 260 minutes. In total, 
35/60 (58%) pNET treated with tumor enucleation were located in the pancreatic head of 
which 2/35 were operated laparoscopically with one conversion. 
Furthermore, 25/60 patients (42%) had a pNET in the pancreatic corpus/tail and 9/25 of these 
pNET were operated laparoscopically with 4 conversions to an open tumor enucleation. Sev-
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enteen of the 72 distal pancreatectomies were laparoscopic operations and 8 of these (47%) 
were converted to an open operation. 
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Tumor  enucleation
Pancreatic head

Pancreato-
duodenectomy (PD)

Enucleation head 
vs. PD

Tumor enucleation of 
pancreatic corpus/tail

Distal pancreatectomy
(DP)

Enucleation corpus/tail
vs. DP

Central 
pancreatectomy

n = 35 n = 65 P-value n = 25 n=72 P-value N  = 8

Age, mean (SD)1 50 (15.5) 55 (10.7) 0.07 50 (13.4) 51 (15.6) 0.70 57 (10.3)

Male, n (%) 17 (49) 37 (57) 0.42 9 (36) 26 (36) 1.00 4 (50)

BMI2, mean (SD) 26.0 (4.3) 25.4 (3.9) 0.49 25.6 (3.7) 25.1 (2.9) 0.44 25.8 (2.4)

ASA3 classification n (%)
I
II
III 

12 (34)
19 (54)
4 (12)

18 (28)
42 (65)

5 (7)
0.58

9 (36)
14 (56)

2 (8)

21 (29)
47 (65)

4 (6)
0.70

2 (25)
5 (63)
1 (12)

Peri-operative treatment 
with Somatostatin 
analogue, n (%)

11 (31) 30 (46) 0.15 10 (40) 14 (19) <0.05* 2 (25)

Hereditary syndrome, n 
(%)4 2 (6) 2 (3) 0.52 -- 10 (14) <0.05* --

Dilated main pancreatic 
duct, n (%) 2 (6) 26 (40) <0.01* 1 (4) 9 (13) 0.23 1 (12)

Pre-operative PRRT5, n 
(%) -- 9 (14) <0.05* -- 3 (4) 0.30 --

Diabetes Mellitus, n (%) 1 (3) 6 (9) 0.23 -- 8 (11) 0.08 0

Non-functional tumor, 
n (%) 9 (26) 60 (92) <0.01* 7 (28) 46 (64) <0.01* 8 (100)

Diameter tumor size in 
mm, median (IQR)6 13 (10-15) 40 (25-50) <0.01* 16 (11-22) 25 (13-50) <0.05* 22 (14-36)

* P value < 0.05, 1 SD: standard deviation, 2 BMI: body mass index, 3 ASA:  
American Society of Anesthesiologists, 4 multiple endocrine neoplasia syndrome or Von Hippel-Lindau 
syndrome 5 PRRT: Peptide Receptor Radionuclide Therapy, 6 IQR: interquartile range.

Table 1. Characteristics of patients with a resected pancreatic neuroendocrine tumor
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Tumor  enucleation
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Pancreato-
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Enucleation head 
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Tumor enucleation of 
pancreatic corpus/tail

Distal pancreatectomy
(DP)

Enucleation corpus/tail
vs. DP

Central 
pancreatectomy

n = 35 n = 65 P-value n = 25 n=72 P-value N  = 8

Age, mean (SD)1 50 (15.5) 55 (10.7) 0.07 50 (13.4) 51 (15.6) 0.70 57 (10.3)

Male, n (%) 17 (49) 37 (57) 0.42 9 (36) 26 (36) 1.00 4 (50)

BMI2, mean (SD) 26.0 (4.3) 25.4 (3.9) 0.49 25.6 (3.7) 25.1 (2.9) 0.44 25.8 (2.4)

ASA3 classification n (%)
I
II
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12 (34)
19 (54)
4 (12)

18 (28)
42 (65)

5 (7)
0.58

9 (36)
14 (56)

2 (8)

21 (29)
47 (65)

4 (6)
0.70

2 (25)
5 (63)
1 (12)

Peri-operative treatment 
with Somatostatin 
analogue, n (%)

11 (31) 30 (46) 0.15 10 (40) 14 (19) <0.05* 2 (25)

Hereditary syndrome, n 
(%)4 2 (6) 2 (3) 0.52 -- 10 (14) <0.05* --

Dilated main pancreatic 
duct, n (%) 2 (6) 26 (40) <0.01* 1 (4) 9 (13) 0.23 1 (12)

Pre-operative PRRT5, n 
(%) -- 9 (14) <0.05* -- 3 (4) 0.30 --

Diabetes Mellitus, n (%) 1 (3) 6 (9) 0.23 -- 8 (11) 0.08 0

Non-functional tumor, 
n (%) 9 (26) 60 (92) <0.01* 7 (28) 46 (64) <0.01* 8 (100)

Diameter tumor size in 
mm, median (IQR)6 13 (10-15) 40 (25-50) <0.01* 16 (11-22) 25 (13-50) <0.05* 22 (14-36)

* P value < 0.05, 1 SD: standard deviation, 2 BMI: body mass index, 3 ASA:  
American Society of Anesthesiologists, 4 multiple endocrine neoplasia syndrome or Von Hippel-Lindau 
syndrome 5 PRRT: Peptide Receptor Radionuclide Therapy, 6 IQR: interquartile range.

Table 1. Characteristics of patients with a resected pancreatic neuroendocrine tumor
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Postoperative outcomes
Overall, 132/205 patients (64%) had one or more complications. The complication rates after 
tumor enucleation of the head versus pancreatoduodenectomy were not significant different 
with 69% and 80%, respectively (p=0.20) (table 2).  The overall complication rates after tu-
mor enucleation of corpus/tail versus distal pancreatectomy were 36% and 58%, respectively 
(P=0.054).

Median in-hospital stay was 12 days (IQR 9-17). The median in-hospital stay was significantly 
prolonged in patients with complications (14 days IQR 10-25) compared to patients without 
complications (10 days, IQR 7-13), p < 0.001. In patients with complications, the in-hospital 
stay was not significantly different after tumor enucleation of pancreatic head, i.e.17 days 
(range 5-136) compared to 16 days after pancreatoduodenectomy (range 7-88 days) p = 0.73. 
As depicted in figure 1, the interquartile range of the in-hospital stay after tumor enucleation 
of the pancreatic head and pancreatoduodenectomy was broad: i.e. 10-33 days and 12-30 
days.  Most patients with complications were discharged from the hospital within 21 days, 
but a considerable number of patients had a prolonged length of hospital stay. Nine of the 35 
(26%) patients after tumor enucleation of the pancreatic head and 18/65 (28%) patients after 
pancreatoduodenectomy were admitted to the hospital ≥21 days (p=0.8). In addition, there 
were some extreme outliers consisting patients with an in-hospital stay of > 80 days due to 
complications. In-hospital stay in 9/25 (36%) patients with complications after tumor enucle-
ation of the pancreatic corpus/tail and 42/72 (58%) patients after distal pancreatectomy were 
comparable, i.e. 10 days (range 5-147) versus 11 days (range 3-74) p=0.41. 

Figure 1. In-hospital stay in patients with complications for each operation separately. • outlier patients. 
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Significantly more patients suffered from clinically relevant pancreatic fistula (grade B/C) af-
ter tumor enucleation of pancreatic head (40%) compared to pancreatoduodenectomy (14%), 
p <0.01. The severity of the major complications based on the Clavien-Dindo classification 
was not significantly different between the different operations (see table 2).  Overall, 62/205 
patients (30%) had a grade B/C complication according to the ISGPS criteria, e.g. pancreat-
ic fistula, postoperative bleeding or delayed gastric emptying. Based on the Clavien-Dindo 
grading system severity cut-off value of ≥ 3, 15% of the patients (9/62) with a grade B/C 
complication were missed. In these 9 patients with a grade B/C pancreatic fistula, the peri-op-
erative drain was used for drainage of abscesses and therefore there was no need for a re-inter-
vention. These 9 patients had a Clavien-Dindo severity score grade II. Although the number 
of operated patients increased over time, the incidence of major complications remained the 
same.   

The number of re-admissions within 30 days after discharge was 14% (n=5) after tumor enu-
cleation of pancreatic head compared to 23% (n=15) after pancreatoduodenectomy (p=0.30). 
The number of re-admissions after tumor enucleation of corpus/tail was 8% (n=2) compared 
to 10% (n=10) in patients after distal pancreatectomy (p = 0.80). 

Rates of re-interventions and readmissions did not differ between tumor enucleation of the 
pancreatic head (49%) and pancreatoduodenectomy (46%) p = 0.82 or between enucleation 
of pancreatic corpus/tail tumors (24%) and distal pancreatectomy (19%) p = 0.63. Also after 
further subdivision in endoscopic, radiological and surgical re-interventions, no significant 
differences were found between the operations. 

The incidence of other, miscellaneous complications was higher after pancreatoduodenec-
tomy (34%) compared to tumor enucleation of pancreatic head (17%) p = 0.08 and signifi-
cantly higher after distal pancreatectomy (14%) compared to tumor enucleation of pancreatic 
corpus/tail (0%) p < 0.05. The most frequent other complications were chylous ascites in 9 
patients, pneumonia in 6 patients and urinary tract infection in 6 patients.   
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Enucleation
Head

Pancreato-
duodenectomy (PD)

Enucleation
head vs. PD

Enucleation
 of the corpus/tail

Distal pancreatectomy
(DP)

Enucleation
corpus/tail vs. DP

Central 
pancreatectomy

n = 35 n = 65 P-value n = 25 n = 72 P-value N  = 8

Overall complications, n (%) 24 (69) 52 (80) 0.20 9 (36) 42 (58) 0.054 5 (62)

In hospital stay in days, median 
(range) 12 (5-136) 15 (7-88) 0.10 9 (2-147) 11 (3-74) < 0.01* 11 (9-97)

Grade B/C complications after 
pancreatic surgery, n (%)

Pancreatic fistula  
Post-operative bleeding 
Delayed gastric emptying

16 (46)

14 (40)
1 (3)

9 (26)

25 (39)

9 (14)
7 (11)

14 (22)

0.48

<0.01*
0.16
0.64

6 (24)

5 (20)
1 (4)

--

11 (15)

7 (10)
5 (7)

--

0.32

0.18
0.60
NIA1

Clavien-Dindo grading of grade 
B/C complications, n (%)

Grade I
Grade II
Grade IIIa
Grade IIIb
Grade IVa
Grade IVb
Grade V

--
4 (25)
8 (50)
3 (19)
0 (-)
1 (6)

0

--
3 (12)

13 (52)
3 (12)
2 (8)
2 (8)
2 (8)

NIA
0.28
0.90
0.55
0.25
0.83
0.25

--
1 (17)
3 (50)
1 (17)
0 (-)

1 (17)
--

--
1 (9)

4 (36)
6 (55)
0 (-)
0 (-)

--

NIA
0.64
0.59
0.13
NIA
0.16
NIA

--
--

3 (60)
1 (20)

--
--
--

Readmission within 30 days, n 
(%) 5 (14) 15 (23) 0.30 2 (8) 7 (10) 0.80 3 (38)

Overall need for re-interventions, 
n (%)

Endoscopic 
Radiological
Surgical

17 (49)

10 (29)
9 (26)
1 (3)

30 (46)

15 (23)
15 (23)
8 (12)

0.82

0.55
0.77
0.12

6 (24)

2 (8)
2 (8)
2 (8)

14 (19)

0
7 (10)
7 (10)

0.63

<0.05*
0.80
0.80

4 (50)

2 (25)
2 (25)
1 (13)

Other complications, n (%) 6 (17) 22 (34) 0.08 0 10 (14) <0.05* --

Clavien-Dindo grade III-V of 
other complications, n (%) 1 (17) 6 (27) 0.60 -- 3 (11) 0.30 -- 

In-hospital mortality -- 3 (5) 0.20 -- -- NIA --

1NIA: not in analysis 
* Pvalue < 0.05

Table 2. Postoperative Outcome after pancreatic resection
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Table 2. Postoperative Outcome after pancreatic resection

3

POSTOPERATIVE OUTCOMES OF ENUCLEATION AND STANDARD RESECTIONS



70

In hospital mortality was 1.5% (3/205); all deaths were related to pancreatoduodenectomy. 
One patient died after an unexpected and unsuccessful attempt at cardiopulmonary resusci-
tation. The second patient died due to respiratory insufficiency after an aspiration pneumonia 
associated with abdominal sepsis and pancreatic fistula. The third patient died due to cardiac 
complications after extensive perioperative blood loss in combination with a medical history 
of tricuspid insufficiency and mitral valve replacement.  

Risk factors for overall complications
An univariable analysis was performed to identify risk factors for overall complications of 
the three different types of resections, see table 3. Regarding enucleation, a tumor located 
in the pancreatic head and BMI > 25kg/m2 were significant risk factors in the univariable 
analysis and in the multivariable analysis both factors were independent risk factors with an 
odds ratio of respectively 4.4 (95%CI: 1.4-11.2) and 3.5 (95%CI: 1.1-11.0). Regarding pan-
creatoduodenectomy, no risk factors were found in the univariable analysis and therefore no 
multivariable analysis was performed. Regarding distal pancreatectomy, BMI > 25kg/m2 and 
diabetes mellitus were risk factors in the univariable analysis but in the multivariable analysis 
no independent risk factors were found. 
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Enucleation Pancreatoduodenectomy Distal pancreatectomy

Complications
N = 33

No 
complications

N = 27
P value Complications

N = 52

No 
complications

N = 13
P value Complications

N = 42

No 
complications

N = 30
P value

Age, mean (SD) 52.8 (12.6) 46.6 (16.1) 0.102 55.69 (10.8) 54.62 (10.8) 0.749 50.7 (15.04) 52.3 (16.69) 0.677

Male, n (%) 17 (52) 9 (33) 0.157 31 (60) 6 (46) 0.381 14 (33) 12(40) 0.561

BMI ≥ 25 kg/m21 21 (64) 10  (37) 0.04*  24 (46) 6 (46) 1.00 26(50) 12(40) 0.066

ASA classification2 > II, n (%) 5 (15) 1 (4) 0.141 5 (10) 0 0.245 1 (2) 3(10) 0.164

Diabetes Mellitus, n (%) 0 1 (4) 5 (10) 1 (8) 0.830 7 (17) 1 (3) 0.076

Smoking, n (%) 13 (39) 9 (33) 0.628 16 (31) 2 (15) 0.268 5 (12) 2 (7) 0.460

Hereditary syndrome3, n (%) 1 (3) 1 (4) 0.885 1 (2) 1 (8) 0.281 7(17) 3 (10) 0.420

Tumor size > 2cm, n (%) 4 (12) 7 (26) 0.169 42 (81) 12 (92) 0.321 25 (60) 16 (53) 0.601

Pre-operative treatment with Somatostatin analogue 4 (12) 5 (19) 0.490 17 (33) 3 (23) 0.502 7 (17) 3 (10) 0.420

Dilated main pancreatic duct, n (%) 1 (3) 2 (7) 0.439 21 (40) 5 (38) 0.899 4 (10) 5 (17) 0.366

Preoperative PRRT4, N (%) -- -- -- 7(13) 2(15) 0.857 2 (5) 1 (3) 0.765

Non-functional pNET5, n (%) 9 (27) 6 (22) 0.653 48 (92) 12 (92) 1.00 30 (71) 16 (53) 0.115

Tumor in pancreatic head, n (%) 24 (73) 11 (41) 0.012* -- -- -- -- -- --

1: Body mass index; 2: American Society of Anesthesiologists; 3: Patients with MEN1 or  Von Hippel Lindau syndrome; 
4:  Peptide Receptor Radionuclide Therapy, 5: pancreatic neuroendocrine tumor, * Pvalue < 0.05

Table 3. Univariable analysis to identify risk factors for overall complications after resection for pancreatic neuroendocrine tumor
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Enucleation Pancreatoduodenectomy Distal pancreatectomy

Complications
N = 33

No 
complications

N = 27
P value Complications

N = 52

No 
complications

N = 13
P value Complications

N = 42

No 
complications

N = 30
P value

Age, mean (SD) 52.8 (12.6) 46.6 (16.1) 0.102 55.69 (10.8) 54.62 (10.8) 0.749 50.7 (15.04) 52.3 (16.69) 0.677
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Tumor size > 2cm, n (%) 4 (12) 7 (26) 0.169 42 (81) 12 (92) 0.321 25 (60) 16 (53) 0.601

Pre-operative treatment with Somatostatin analogue 4 (12) 5 (19) 0.490 17 (33) 3 (23) 0.502 7 (17) 3 (10) 0.420

Dilated main pancreatic duct, n (%) 1 (3) 2 (7) 0.439 21 (40) 5 (38) 0.899 4 (10) 5 (17) 0.366

Preoperative PRRT4, N (%) -- -- -- 7(13) 2(15) 0.857 2 (5) 1 (3) 0.765

Non-functional pNET5, n (%) 9 (27) 6 (22) 0.653 48 (92) 12 (92) 1.00 30 (71) 16 (53) 0.115

Tumor in pancreatic head, n (%) 24 (73) 11 (41) 0.012* -- -- -- -- -- --

1: Body mass index; 2: American Society of Anesthesiologists; 3: Patients with MEN1 or  Von Hippel Lindau syndrome; 
4:  Peptide Receptor Radionuclide Therapy, 5: pancreatic neuroendocrine tumor, * Pvalue < 0.05

Table 3. Univariable analysis to identify risk factors for overall complications after resection for pancreatic neuroendocrine tumor
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Oncological Outcome

Based on preoperative imaging, 95 patients had a tumor size ≤ 2cm and 110 patients had 
a tumor size > 2cm. Patients with a larger tumor size had significantly more often lymph 
node metastasis: 39/110 patients with a tumor size >2cm had lymph nodes metastasis (35%) 
compared to 7/95 patients with a tumor size ≤ 2cm (7%), p < 0.001. This also applies for the 
11/72 patients after distal pancreatectomy with lymph node metastasis. Patients with a tu-
mor size > 2cm (n=10/41) had significantly more often lymph node metastasis compared to 
patients with a tumor size ≤ 2cm (n=1/31), p = 0.013. After pancreatoduodenectomy, 33/65 
patients had lymph node metastasis. Fifty percent of the patients with a tumor size > 2 cm 
(n=27/54) had lymph node metastasis compared to 55% of the patients with a tumor size ≤ 
2 cm (n=6/11), p = 0.78. Excluding patients after tumor enucleation, patients with a tumor 
located in the pancreatic head had significantly more often lymph node metastasis (n=33/65) 
compared to patients with a pNET in corpus/tail (n=13/80), p < 0.001. Lymphadenectomy 
was not a standard part of the operation in patients with tumor enucleation. 

Distribution of tumor grade, operations and tumor functionality is displayed in figure II. 
Compared with patients after pancreatoduodenectomy, significantly more patients had a tu-
mor grade 1 in tumors enucleated in the pancreatic head, i.e. 51% versus 94%, p <0.01. Two 
patients (6%) after tumor enucleation of the pancreatic head had a tumor grade 2. One patient 
had a tumor size of 10 mm and the other had a tumor size of 15 mm. After tumor enucleation 
in pancreatic corpus/tail, 23/25 of the patients had tumor grade 1 (92%) compared to 51/72 
patients after distal pancreatectomy (71%), p < 0.05. Two patients (8%) had a grade 2 pNET 
after tumor enucleation of pancreatic corpus/tail, both non-functional pNET (NF-pNET). 

As depicted in table 1, a tumor enucleation was often performed in patients with a functional 
pNET. Of the 26 patients with a functional pNET in the pancreatic head, 20 patients had an 
insulinoma (77%) and 6 patients had a gastrinoma (23%). Of the 18 functional pNET in the 
pancreatic corpus/tail, 17 (94%) had an insulinoma and 1 patient had a gastrinoma. Only 5 
patients had a functional pNET after pancreatoduodenectomy: 3 patients had a gastrinomas, 
1 patients a VIPoma and 1 patient a glucagonoma. In patients after distal pancreatectomy, 
26/72 patients had a functional pNET. Of these 26 patients, 21 patients had an insulinoma, 3 
patients a gastrinoma, 1 patient a VIPoma and 1 patient a glucagonoma. 

Of the patients with a tumor size ≤ 2cm, 86/95 (91%) had a grade 1 tumor compared to 60/110 
(55%) patients with a tumor size > 2cm, p <0.01. None of the pNETs with a tumor size < 2cm 
had a grade 3 tumor.  All 10 grade 3 tumors were NF-pNET and the median tumor size was 
43 mm (IQR 35-76).  In patients with a tumor ≤ 1cm (n=14), all patients had a grade 1 tumor 
and 2 patients had lymph nodes metastasis (14%). These two patients were diagnosed with 
gastrinoma. 
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R1 resection margins were more often found after tumor enucleation of pancreatic head 
(37%) compared to pancreatoduodenectomy (17%) p 0.052. After tumor enucleation of cor-
pus/tail and distal pancreatectomy, the differences were more comparable, i.e. 24% versus 
17%, p = 0.50. 

Figure 2. Distribution between pathology, operation and tumor 
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Long-term follow-up 

Functional follow-up was available for all included patients, with a median follow-up time 
of 29 months (IQR 10-64). Significantly more patients developed endocrine (19%) and ex-
ocrine insufficiency (55%) after pancreatoduodenectomy compared to tumor enucleation (7 
and 5%) or distal pancreatectomy (13 and 8%) (p <0.001), see table 4. There were no signifi-
cant differences between tumor enucleation and distal pancreatectomy regarding the rate of 
pancreatic insufficiency.

Tumor 
enuclea-

tion
(TE)

Pancre-
ato-duo-
denecto-
my (PD)

Distal 
Pancrea-
tectomy

(DP)

TE
vs

PD

TE
vs 

DP

PD 
vs

DP

Central
pancrea-
tectomy

P value P value P value

All resected patients N = 60 N = 65 N = 72 N = 8

Functional follow-up
Exocrine insufficiency
Endocrine insuffic

3 (5)1

4 (7)2
34 (55)3

11(19)4
6 (8)

8 (13)5
<0.001

0.05
0.5
0.3

<0.001
0.3

0
2 (25)

1 1 patient was excluded since pre-existing exocrine insufficiency  n = 59 patients were available for analysis
2 1 patients was excluded since pre-existing diabetes mellitus n = 59  patients were available for analysis; one of the 4 patients 
with endocrine insufficiency have had multiple pancreatic resections.
3 3 patients were excluded since postoperative mortality n = 62 patients were available for analysis
4 7 patients were excluded since pre-existing diabetes mellitus/postoperative mortality n =58 patients were available for analysis
5 8 patients were excluded since pre-existing diabetes mellitus n = 64 patients were available for analysis; one of the 8 patients 
with endocrine insufficiency have had multiple pancreatic resections

Table 4. Long-term outcome  in patients with pancreatic neuroendocrine tumor after surgical resection

Oncological follow-up was only available in patients with NF-pNET. Of the 130 patients with 
NF-pNET, 14 patients were excluded from long-term follow up since 11 patients already had 
metastasis pre-operatively and 3 patients died due to postoperative complications. Therefore, 
116 patients with NF-pNET were available for long-term analysis. Median follow-up for re-
current disease was 37 months (IQR 18-60 months). Of the 116 patients, 16 patients have 
had a tumor enucleation, 50 patients a pancreatoduodenectomy, 42 patients a distal pancre-
atectomy and 8 patients a central pancreatectomy. During oncological follow-up, 37 patients 
developed recurrent disease of which 15 patients died due to tumor progression. Of the 37 pa-
tients with recurrent disease, 68% was proven by pathology (n = 25/37), the other 12 patients 
were proven by long-term follow up. After enucleation, 19% of patients developed recurrent 
disease (n = 3/16) of which 1 patient died. Tumor recurrence was significantly more frequent 
after pancreatoduodenectomy (n=23) compared to tumor enucleation (n=3) or distal pancre-
atectomy (n=10). There were no significant differences in tumor recurrence or tumor related 
death between tumor enucleation and distal pancreatectomy. 
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DISCUSSION

This is the first study in patients with pancreatic neuroendocrine tumors which describes the 
postoperative outcomes of different operations separately using both ISPGS criteria and the 
Clavien-Dindo grading system.  Besides the higher rate of grade B/C pancreatic fistula after 
tumor enucleation of pancreatic head, the postoperative outcomes were comparable between 
all operations. A tumor in the pancreatic head and a high BMI were independent risk factors 
for complications in patients after tumor enucleation. During follow-up, the rate of pancre-
atic insufficiency was significantly higher after pancreaticoduodenectomy but there were no 
differences in the rate of pancreatic insufficiency after tumor enucleation or distal pancrea-
tectomy. 

The main complications after pancreatic surgery in patients with a pNET, were pancreatic 
fistula grade B/C. The rate of these fistulas was the highest after tumor enucleation (31%), 
especially after tumor enucleation in the pancreatic head (40%). Other studies also report 
a high rate of pancreatic fistula after tumor enucleation8,37,38. In addition, due to the severe 
complications (pancreatic fistula, postoperative bleeding and delayed gastric emptying) the 
in-hospital stay, the need for re-interventions and readmissions were also comparable be-
tween tumor enucleation, pancreatoduodenectomy and distal pancreatectomy. This is re-
markable since tumor enucleation is often described as a minimally invasive operation with 
only an increased risk for pancreatic fistula. During follow-up, no differences were seen in the 
rate of pancreatic insufficiency between tumor enucleation and distal pancreatectomy. A high 
rate of pancreatic insufficiency was seen after pancreatoduodenectomy. Altogether, tumor 
enucleation can be regarded a high risk operation with considerable risk for postoperative 
morbidity. In the future, laparoscopic tail resection may be an attractive option compared 
to tumor enucleation39,40. The learning curve of laparoscopic tail resection may be achieved 
faster than laparoscopic tumor enucleation. Probably, laparoscopic tumor enucleation will be 
carried out less frequently since laparoscopic tumor enucleation is usually not indicated for 
malignant diseases. Further studies are needed to support this hypothesis. 

The Clavien-Dindo grading system and the ISGPS criteria are both often used as scoring 
methods to describe the severity of postoperative complications4–7. In the Clavien-Dindo 
grading system, a cut-off value ≥ 3 is often used to describe severe complications21,27,41,42. Ac-
cording to the ISGPS criteria, grade B/C complications are also severe complications. In our 
study, 15% of the severe grade B/C complications were missed if only the Clavien-Dindo 
grading system with a cut-off ≤ 3 was used, especially in the analysis of pancreatic fistula. In 
some patients with a grade B/C pancreatic fistula, no additional re-intervention was needed, 
since the peri-operative drain was used for abscess drainage.  Future studies should be aware 
of this difference. 

Overall morbidity rate was 64% and mortality rate after pancreatoduodenectomy was 4.6%. 
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Although our mortality rate was comparable with the current literature, the morbidity rate 
was slightly higher 43-46. This can be explained by the extended inclusion period from 1992 
to 2013. The number of operated patients increased during this inclusion period and with 
the centralization of pancreatic surgery, morbidity rates will also be reduced47. The rate of 
exocrine insufficiency was relatively high with 55% since other studies report a incidence 
between 17- 43%18, 48,49. This can be explained by the use of different definitions of exocrine 
insufficiency and the prolonged survival in patients with pNET.   

The pancreatic fistula rate of 18% after pancreatoduodenectomy in this study is slightly higher 
than the 2-15% rates reported in literature5,8,43,44. This could easily be explained by the reas-
sessment of the complications by an independent researcher according the ISGPS criteria and 
Clavien-Dindo grading system. Furthermore, the increased rate of pancreatic fistula may be 
explained by the texture of the pancreatic remnant. Most of our patients undergoing PD and 
distal pancreatectomy for small pNET had a soft gland with small MPD. The studies with 
a lower rate of pancreatic fistula have included patients with different types of pancreatic 
neoplasm or even chronic pancreatitis while a neuroendocrine tumor itself is a risk factor 
for pancreatic fistula 8,37. In addition, enucleation of pNET located 2-3mm distant from the 
main pancreatic duct is a risk factor for pancreatic fistula 45,46. During tumor enucleation, we 
attempt to preserve the pancreatic duct. Nevertheless, pancreatic fistula is the major cause for 
postoperative morbidity in patients with pNETs. In our study, tumor enucleation was not per-
formed in deeply located pNET because these tend to have a close relationship with the main 
pancreatic duct (MPD). Also, size of the MPD was not predictive for the occurrence of PF, 
most likely due to the fact that in only 3/60 enucleated patients, the MPD was dilated (table 
1and 3). Data regarding the exact relationship between tumor and MPD was not available and 
an intraoperative ultrasound to measure the distance between MPD and the tumor was not 
routinely performed in all patients. However, we do realize that the distance between the tu-
mor and MPD could affect the PF rate. It is a challenge to reduce the rate of pancreatic fistula 
after pancreatic enucleation. Different techniques with varying success rates are discussed in 
the literature, such as a teres hepatis ligament flap plasty to cover the enucleation site, place-
ment of an internal pancreatic duct stent or prophylactic use of somatostatin analogues47–51. 
Despite all these efforts, pancreatic fistula remains a problem after pancreatic resections and 
particularly in patients with pNET.

The present study is one of the largest studies in patients with pNET in which postoperative 
outcomes were compared between pancreatic enucleation and standard pancreatic resection. 
However, a limitation of this study is its retrospective design. The choice of the type of resec-
tion is made by the surgeon after multidisciplinary consultation and may be influenced by 
tumor size or other factors. Furthermore, the study period was relatively long encompass-
ing a period of 21 years. Potential underreporting of pancreatic fistula/DGE/post-operative 
bleeding grade A may have occurred in the early years of the study period. The course of 
these complications is mild and therefore they are not always explicitly recorded in the dis-
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charge letters or patient records.  The accuracy of scoring of postoperative complications, 
especially pancreatic fistula, has increased in recent years with the implementation of the 
ISGPS criteria. In order to comply all the complications with the current standards, not only 
the discharge letter but also the entire patient record including laboratory results, medication 
list and radiology results was screened for postoperative complications. Furthermore, the rate 
of pancreatic insufficiency should be carefully interpreted. Because of the retrospective char-
acter of the study, it was not always possible to determine whether the patients had developed 
endocrine insufficiency because of their surgery or due to other causes. Also the number 
of patients with exocrine insufficiency may have been slightly underestimated since the use 
of pancreatic enzymes will not always be documented accurately and no objective tests like 
elastase-1 in the stool was performed. Since this study was not randomized, the choice for a 
tumor enucleation or resection was made by the surgeon. Therefore, selection bias may have 
occurred in the choice of the pancreatic operation. As depicted in table 1 some patients- and 
tumor characteristics were not comparable between the groups, such as the diameter of the 
pancreatic duct. An enucleation is often performed in patients with a small pancreatic duct 
(table 1) which can increase the incidence of pancreatic fistula, especially in the head of the 
pancreas. The conversion rate of laparoscopic resection was relatively high because of the 
learning curve of the surgeons59. In the patients with a converted distal pancreatectomy the 
visualization was often poor since the tumor was small or challenging localized. Another lim-
itation of this study is that we did not perform a standard lymph node resection in patients 
undergoing enucleation. Since we found that even in tumors smaller than 2 cm, located in the 
pancreatic head, 6 of the 11 patients (55%) were found to have lymph node metastasis. Since 
no information is available about the presence of lymph node metastasis from patients that 
underwent an enucleation of tumors located in the pancreatic head it is difficult to determine 
the exact number of metastasis in these small tumors. 

In conclusion, a comparison was made between enucleation of pancreatic head tumors versus 
pancreatoduodenectomy and enucleation of pancreatic corpus/tail tumors versus distal pan-
createctomy. This comparison was made to illustrate the differences in outcomes after the dif-
ferent operations. Based on tumor location and tumor size, the surgeon may choose for a tu-
mor enucleation or a resection.  With this study, surgeons can accurately inform the patients 
about the advantages and disadvantages of the two different surgical options. Postoperative 
morbidity after tumor enucleation of pancreatic neuroendocrine tumors was high compared 
to a pancreatoduodenectomy or distal pancreatectomy and is therefore not to be considered 
an easy, low-risk operation. The presence of lymph node metastasis was high even for small 
tumors located in the pancreatic head and 19% of the NF-pNET developed recurrent disease 
after tumor enucleation. Therefore, a pancreatoduodenectomy might be the preferred opera-
tion for these tumors.
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ABSTRACT

Background: Cohort studies from expert centers suggest that laparoscopic distal pancre-
atectomy (LDP) is superior to open distal pancreatectomy (ODP) regarding postoperative 
morbidity and length of hospital stay. But the generalizability of these findings is unknown 
because nationwide data on LDP are lacking.

Study design: Adults who had undergone distal pancreatectomy in 17 centers between 2005 
and 2013 were analyzed retrospectively. First, all LDPs were compared with all ODPs. Second, 
groups were matched using a propensity score. Third, the attitudes of pancreatic surgeons 
toward LDP were surveyed. The primary outcome was major complications (Clavien-Dindo 
grade ≥III).

Results: Among 633 included patients, 64 patients (10%) had undergone LDP and 569 pa-
tients (90%) had undergone ODP. Baseline characteristics were comparable, except for pre-
vious abdominal surgery and mean tumor size. In the full cohort, LDP was associated with 
fewer major complications (16% vs 29%; p = 0.02) and a shorter median [interquartile range, 
IQR] hospital stay (8 days [7-12 days] vs 10 days [8-14 days]; p = 0.03). Of all LDPs, 33% were 
converted to ODP. Matching succeeded for 63 LDP patients. After matching, the differences 
in major complications (9 patients [14%] vs 19 patients [30%]; p ¼ 0.06) and median [IQR] 
length of hospital stay (8 days [7 -12 days] vs 10 days [8 -14 days]; p = 0.48) were not statis-
tically significant. The survey demonstrated that 85% of surgeons welcomed LDP training.

Conclusions: Despite nationwide underuse and an impact of selection bias, outcomes of LDP 
seemed to be at least noninferior to ODP. Specific training is welcomed and could improve 
both the use and outcomes of LDP.



87

LAPAROSCOPIC VERSUS OPEN DISTAL PANCREATECTOMY FOR BENIGN AND MALIGNANT DISEASE

INTRODUCTION

Since the first reported laparoscopic distal pancreatectomy (LDP) in 1996,1  its introduction 
into clinical practice has been relatively slow, especially when compared with other laparo-
scopic gastrointestinal procedures2-4. This slow introduction may be related to the low volume 
and high-risk nature of pancreatic surgery, which hampers completion of the learning curve 
of approximately 10 to 17 LDPs.5,6 Considering an average of 3 to 6 distal pancreatectomies 
are performed per center per year in recent US7 and UK8 studies, completing the learning 
curve might take approximately 2 to 3 years. However, the ongoing centralization of pancre-
atic surgery9,10 may enhance completion of this learning curve within a reasonable time. An 
additional factor in the slow introduction of LDP may be the lack of specific LDP training. 

In several recent systematic reviews, LDP was associated with less intraoperative blood loss 
(263 to 355 mL), more splenic preservation (odds ratio [OR] 2.98), lower postoperative mor-
bidity (OR 0.7), and a shorter hospital stay (3 to 6 days).11-16 Notably, 80% (24 of 30) of the 
studies included in these reviews originated from very high-volume expert pancreatic centers, 
and none of these studies was performed on a nationwide level. Therefore, it is unclear wheth-
er these promising results are generalizable to “real-world” clinical practice. Because most 
series were retrospective, selection bias might have played a relevant role in the perceived 
superiority of LDP. Propensity score matching could be used to reduce some of this bias in 
retrospective studies.17,18 Furthermore, it is unclear whether pancreatic surgeons consider na-
tionwide introduction of LDP feasible and are willing to undergo specific training in LDP, if 
needed. We aimed to determine the use and outcomes of LDP vs ODP and surgeons’ attitudes 
toward LDP, all on a nationwide level. 
 
METHODS

Patients
A nationwide retrospective study was performed on all consecutive adult patients who had 
undergone an elective distal pancreatectomy in 1 of 17 centers of the Dutch Pancreatic Cancer 
Group (DPCG)19 between January 1, 2005 and September 1, 2013. All 17 centers performed 
at least 20 pancreatoduodenectomies annually. Patients were excluded if distal pancreatecto-
my was not the primary procedure or if essential data on the surgical procedure, such as the 
operative report or the postoperative course, were lacking. Patient categorization was done 
according to the applied method of surgery: laparoscopic or open. Analyses were performed 
according to intention-to-treat principles, meaning that the results of a converted LDP were 
analyzed in the LDP group. The Medical Ethics Review Committee of the Academic Medical 
Center (Amsterdam, the Netherlands) approved the study protocol.

Surgical technique
Laparoscopic distal pancreatectomy was performed using 3 to 4 trocars placed around an 
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umbilical camera. The resected specimen was extracted by enlarging one of the trocar inci-
sions or via a Pfannenstiel incision. During LDP, the patient was in a supine or right lateral 
decubitus position. Hand access ports were not used. Open distal pancreatectomy was per-
formed using a bilateral subcostal incision or a midline laparotomyusing standard technique. 
In some cases, during either laparoscopic or open surgery, the pancreatic remnant was treated 
subsequently with additional sutures or with an absorbable fibrin sealant patch. In patients 
with benign disease, spleen preserving distal pancreatectomy with preservation of the splenic 
vessels (Kimura’s technique20) was attempted and if preservation of the splenic vessels was 
considered not feasible, a spleen preserving distal pancreatectomy with ligation of splenic ves-
sels (Warshaw’s technique21) or subsequent splenectomy was performed. In case of suspected 
or proven malignant disease, splenectomy and additional lymphadenectomy were performed. 
One or 2 drains were placed near the pancreatic remnant and left subphrenic space.

Definitions
Postoperative complications during hospital stay and 30 days thereafter were collected, di-
chotomously scored, and classified using the Clavien-Dindo classification of surgical com-
plications.22 Major complications were defined as Clavien-Dindo grade III or higher. Post-
operative pancreatic fistula, delayed gastric emptying and postpancreatectomy hemorrhage 
were all scored using the recommended International Study Group of Pancreatic Surgery 
(ISGPS) definitions.23-25 Grade B/C complications were considered major, and only these 
grades were noted. Surgical site infection was defined using the Centers for Disease Control 
and Prevention (CDC) definition.26 Resection margins, including transection and circum-
ferential margins, were classified into R0 (distance margin to tumor _1 mm), R1 (distance 
margin to tumor <1 mm) and R2 (macroscopically positive margin).27 Readmissions within 
30 days after discharge were recorded. Mortality was recorded during a patient’s hospital stay 
or within 30 days after discharge. Data collection Data were collected from patient records. 
Baseline characteristics collected included sex, age, American Society of Anesthesiologists 
(ASA) physical status, body mass index, previous abdominal surgery, diabetes mellitus, tumor 
size on preoperative imaging, and tumor involvement in other organs besides the pancreas. 
Primary outcome was the occurrence of at least 1 major complication after the surgical pro-
cedure. Main secondary outcomes were operative time, intraoperative blood loss, splenecto-
my, conversion, histopathologic diagnosis, resection margin and lymph node retrieval (both 
exclusively in case of malignancy), postoperative pancreatic fistula, delayed gastric emptying, 
postpancreatectomy hemorrhage, surgical site infection, ICU admission, length of hospital 
stay, and mortality. 

Survey
An online survey, consisting of 12 questions regarding experiences, opinions and expecta-
tions concerning LDP (see Appendix 1), was sent to 30 pancreatic surgeons (representing 
>95% of Dutch pancreatic surgeons). Nonresponders received a maximum of 2 reminders. 
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Statistical analysis 
This study was performed using Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines.28 Data were analyzed using IBM SPSS Statistics for Win-
dows version 20.0 (SPSS Inc). For comparison of continuous variables, either the 2 independ-
ent samples ttest or the Mann-WhitneyU test was used, and for categorical variables, either the 
chi-square or Fisher’s exact test was used as appropriate. The size of the study control group 
(ODPs) was expected to be less than 100 times the size of the study intervention group (LDPs) 
and therefore, matching with random sampling and replacement was applied in order to ob-
tain independent sample values. Patients who had undergone LDP were matched to patients 
who had undergone ODP, using a propensity score, on a 1:1 ratio, based on sex (identical), 
age (±10 years), indication for surgery (pancreatic mass vs others), tumor size when tumor 
was the indication for surgery (±17 mm), and ASA physical status (identical). Matching on a 
higher ratio was not expected to be feasible. For every case, the most homologous control was 
chosen. Patients were excluded when matching failed for at least 1 criterion. For comparison 
of matched data, paired tests were applied.29 Matched continuous variables were compared 
using the paired samples t-test or Wilcoxon signed rank test and matched categorical varia-
bles were compared using the McNemar’s test as appropriate. Univariable and multivariable 
conditional logistic regression analyses were performed to identify predictors of experiencing 
at least 1 major complication. Parameters with a p value <0.1 in a univariable analysis were in-
cluded in the multivariable analysis. Results were summarized using ORs and 95% confidence 
intervals (CI). A sensitivity analysis was performed to determine whether matching with or 
without replacement influenced the study outcomes, by excluding all replaced controls and 
their matched patients from the laparoscopic group. Subsequently, outcomes of univariable 
analyses before exclusion of replaced controls were compared with outcomes of univariable 
analyses after exclusion. A 2-tailed p value <0.05 was considered statistically significant.

RESULTS

Full cohort
Of 761 patients who had undergone elective distal pancreatectomy, 128 patients were ex-
cluded, because distal pancreatectomy was not the primary surgical procedure (n = 124) or 
because of missing essential data (n = 4).So, 633 patients were included, of whom 64 patients 
(10%) had undergone LDP and 569 patients (90%) ODP (Table 1). The annual volume of 
elective distal pancreatectomies increased by 130% throughout the 8-year study period in the 
17 centers, but the proportion of laparoscopic procedures (10%) remained unchanged. LDP 
was performed in 10 and ODP in 17 centers. For both groups, male sex and mean age were 
comparable. In the laparoscopic group, fewer patients had a history of abdominal surgery 
(30% vs 43%; p = 0.04) and mean [SD] tumor size was smaller (20 mm [14 mm] vs 49 mm [9 
mm]; p < 0.001) (Table 1).  
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Characteristic LDP
(n=64)

ODP
(n=569) P Value

Male, No. (%) 34 (53) 235 (41) 0.07

Age, mean (SD), y 56 (14) 57 (14) 0.59

BMI, mean (SD), kg/m2 26 (4) 26 (5) 0.65

Previous abdominal surgery, No. 
(%) 19 (30) 245 (43) 0.04

Diabetes mellitus, No. (%) 8 (13) 96 (17) 0.37

ASA physical status, No. (%) - - 0.37

1 18 (28) 123 (22) -

2 39 (61) 361 (63) -

3 6 (9) 82 (14) -

4 1 (2) 3 (1) -

Indication for surgery, No. (%) - - 0.46

Neoplasm 41 (64) 312 (55) -

Cyst 16 (25) 178 (31) -

Pancreatitis 4 (6) 57 (10) -

Other 3 (5) 22 (4) -

Tumor size on CT / MRI, mean 
(SD), mm 20 (14) 49 (9) < 0.001

Other organs involved on CT / 
MRI, No. (%) 2 (3) 59 (10) 0.06

Spleen 1 (2) 20 (4) -

Stomach 1 (2) 16 (3) -

Intestine - 6 (1) -

Kidney - 6 (1) -

Multiple organs - 10 (2) -

Abbreviations: LDP, laparoscopic distal pancreatectomy; ODP, open distal pancreatectomy; SD, standard deviation; BMI, body 
mass index; ASA, American society of anesthesiologists; CT, computed tomography; MRI, magnetic resonance imaging

Table 1. Baseline full cohort
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Outcome LDP
(n=64)

ODP
(n=569) P Value

Primary

Major complication, No. (%) 10 (16) 166 (29) 0.02

Abdominal abscess 5 (8) 57 (10) -

Feeding tube placement 1 (2) 72 (13) -

Respiratory insufficiency 2 (3) 28 (5) -

Bleeding 1 (2) 23 (4) -

Perforated stomach 0 (0) 5 (1) -

Other 1 (2) 26 (5) -

Secondary

Operative time, mean (SD), min. 213 (111) 208 (98) 0.76

Intraoperative blood loss, median (IQR), mL 275 (38-638) 700 (350-1400) < 0.001

Splenectomy, No. (%) 13 (20) 389 (68) < 0.001

Non-malignancy 6 (9) 230 (40) < 0.001

Conversion, No. (%) 21 (33) - -

Histopathological diagnosis, No. (%) - - 0.01

Neuroendocrine tumor 24 (38) 110 (19) -

Pancreatic ductal adenocarcinoma 7 (11) 134 (24) -

Chronic pancreatitis 11 (17) 97 (17) -

Mucinous cystic neoplasm 6 (9) 75 (13) -

Serous cystic neoplasm 1 (2) 44 (8) -

Intraductal papillary mucinous neoplasm 5 (8) 36 (6) -

Metastatic disease 1 (2) 16 (3) -

Other 9 (14) 57 (10) -

Malignancy, No. (%) 13 (20) 183 (32) 0.05

R0 resectiona, No. (% malignancies) 8 (62) 93 (51) 0.45

Lymph nodes retrieveda, mean (SD) 7 (7) 9 (7) 0.32

Pancreatic fistulab, No. (%) 7 (11) 101 (18) 0.17

Delayed gastric emptyingb, No. (%) 3 (5) 89 (16) 0.02

Postpancreatectomy hemorrhageb, No. (%) 1 (2) 30 (5) 0.19

Surgical site infection, No. (%) 5 (8) 61 (11) 0.47

ICU admission, No. (%) 10 (16) 68 (12) 0.40

Length of hospital stay, median (IQR), d 8 (7-12) 10 (8-14) 0.03

Re-admission, No. (%) 7 (11) 78 (14) 0.54
a For malignancies only
b ISGPS grade B / C 
Abbreviations: LDP, laparoscopic distal pancreatectomy; ODP, open distal pancreatectomy; SD, standard deviation; IQR, inter-
quartile range; ICU, intensive care unit; IQR interquartile range; ISGPS, international study group of pancreatic surgery

Table 2. Outcomes full cohort
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Intraoperative outcomes 
Median [IQR] intraoperative blood loss was less during laparoscopy (275 mL [38 to 638 mL] 
vs 700 mL [350 to 1,400 mL]; p < 0.001); mean [SD] operative times were similar (213 min-
utes [111 minutes] vs 208 minutes [98 minutes] respectively; p = 0.76). Conversion to open 
surgery occurred in 21 LDPs (33%), and this proportion did not change throughout the study 
period. Reasons for conversion were bleeding (n = 8), insufficient overview (n = 7), and prob-
lems with identifying the tumor (n = 6). A lower rate of splenectomy in patients with a non-
malignant lesion was found in the LDP group (p < 0.001,Table 2).

Postoperative outcomes
Laparoscopic distal pancreatectomy was associated with fewer major complications (10 pa-
tients [16%] vs 166 patients [29%]; p = 0.02), less delayed gastric emptying grades B/C (3 
patients [5%] vs 89 patients [16%]; p = 0.02), and a shorter median [IQR] hospital stay (8 days 
[7 to 12 days] vs 10 days [8 to 14 days]; p = 0.03) compared with ODP (Table 2). Mortality 
during hospitalization or within 30 days after discharge was similar between groups (3% vs 
2%; p = 0.52). 

Results after propensity score matching
Adequate matching was obtained for all but 1 LDP patient who was subsequently excluded. 
Seven ODP patients were matched to more than 1 LDP patient. Matched groups were compa-
rable for baseline characteristics (Table 3).
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Characteristic LDP
(n=63)

ODP
(n=63)

Male, No. (%) 33 (52) 33 (52)

Age, mean (SD), y 56 (13) 56 (12)

BMI, mean (SD), kg/m2 26 (4) 25 (4)

Previous abdominal surgery, No. (%) 19 (30) 25 (40)

Diabetes mellitus, No. (%) 7 (11) 11 (17)

ASA physical status, No. (%) - -

1 18 (29) 18 (29)

2 39 (62) 39 (62)

3 6 (10) 6 (10)

Indication for surgery, No. (%) - -

Neoplasm 41 (65) 41 (65)

Cyst 15 (24) 17 (27)

Pancreatitis 4 (6) 1 (2)

Other 3 (5) 4 (6)

Tumor size on CT / MRI, mean (SD), mm 24 (12) 26 (12)

Other organs involved on CT / MRI, No. (%) 2 (3) 2 (3)

Spleen 1 (2) 1 (2)

Stomach 1 (2) 0 (0)

Intestine 0 (0) 1 (2)

Abbreviations: LDP, laparoscopic distal pancreatectomy; ODP, open distal pancreatectomy; SD, standard deviation; BMI, body 
mass index; ASA, American society of anesthesiologists; CT, computed tomography; MRI, magnetic resonance imaging

Table 3. Baseline matched cohort

Intraoperative outcomes after matching
Mean operative time and median intraoperative blood loss were similar for both groups. Lap-
aroscopic distal pancreatectomy was associated with a lower rate of splenectomy among pa-
tients with nonmalignant disease (6 [10%] vs 16 [25%]; p = 0.01), as shown in Table 4.

Postoperative outcomes after matching
A major complication occurred in 9 patients (14%) after LDP vs 19 patients (30%) after ODP 
(p = 0.06; Table 4). Outcomes after converted LDP (n ¼ 21) were comparable to outcomes 
after primary ODP (n = 21); major complications (1 patient [5%] converted LDP vs 6 patients 
[29%] primary ODP; p = 0.13) and median [IQR] length of hospital stay (8 days [7 to 11 days] 
vs 10 days [9 to 15 days] respectively; p = 0.13).
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Outcome LDP
(n=63)

ODP
(n=63) P Value

Primary

Major complication, No. (%) 9 (14) 19 (30) 0.06

Abdominal abscess 4 (6) 8 (13) -

Feeding tube placement 1 (2) 5 (8) -

Respiratory insufficiency 2 (3) 2 (3) -

Bleeding 1 (2) 2 (3) -

Other 1 (2) 4 (6) -

Secondary

Operative time, mean (SD), min. 217 (109) 192 (72) 0.39

Intraoperative blood loss, median (IQR), mL 275 (38-638) 650 (250-975) 0.06

Splenectomy, No. (%) 13 (21) 34 (54) < 0.001

Non-malignancy 6 (10) 16 (25) 0.01

Conversion, No. (%) 21 (33) - -

Histopathological diagnosis, No. (%) - - 0.45

Malignancy, No. (%) 12 (19) 24 (38) 0.02

R0 resectiona, No. (% malignancies) 7 (58) 14 (58) 0.63

Lymph nodes retrieveda, mean (SD) 7 (7) 10 (8) 0.29

Pancreatic fistulab, No. (%) 7 (11) 11 (17) 0.45

Delayed gastric emptyingb, No. (%) 3 (5) 8 (13) 0.23

Postpancreatectomy hemorrhageb, No. (%) 1 (2) 6 (10) 0.13

Surgical site infection, No. (%) 5 (8) 10 (16) 0.30

ICU admission, No. (%) 9 (14) 17 (27) 0.12

Length of hospital stay, median (IQR), d 8 (7-12) 10 (8-13) 0.48

Re-admission, No. (%) 7 (11) 8 (13) > 0.99
a For malignancies only, b ISGPS grade B / C, Abbreviations: LDP, laparoscopic distal pancreatectomy; ODP, open distal pancrea-
tectomy; SD, standard deviation; IQR, interquartile range; ICU, intensive care unit; IQR interquartile range; ISGPS, international 
study group of pancreatic surgery

Table 4. Outcomes matched cohort

Univariable, multivariable, and sensitivity analyses after matching
Laparoscopic distal pancreatectomy was a significant predictor of experiencing no major 
complication in the univariable analysis (OR 0.41 [95% CI 0.17 to 0.99]; p = 0.048), but not 
in the multivariable analysis (OR 0.47 [95% CI 0.18 to 1.20]; p = 0.12; Table 5). Excluding all 
replaced controls and coupled patients from the LDP group did not change the significance of 
the parameters chosen in the univariable analysis.
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Univariable analysis Multivariable analysis

Characteristic OR (95% CI) P Value OR (95% CI) P Value

Laparoscopic approach 0.41 (0.17-0.99) 0.048 0.47 (0.18-1.20) 0.12

Histopathological diagnosis - - - -

NET RC RC - -

Pancreatic adenocarcinoma 10.46 (0.85-128.60) 0.07 5.70 (0.65-49.91) 0.12

Serous or mucinous neoplasm 2.05 (0.09-46.22) 0.65 - -

IPMN 3.24 (0.10-106.70) 0.51 - -

BMI (OR/kg/m2) 1.05 (0.89-1.23) 0.56 - -

Diabetes mellitus 1.05 (0.89-1.23) 0.56 - -

Tumor size on CT / MRI (OR/mm) 1.10 (0.88-1.37) 0.42 - -

Operative time (OR/min.) 1.00 (0.99-1.01) 0.90 - -

Blood loss (OR/mL) 1.00 (1.00-1.00) 0.13 - -

Splenectomy 1.25 (0.34-4.66) 0.74 - -

Combined procedure 3.00 (0.61-14.86) 0.18 - -

Abbreviations: OR, odds ratio; CI, confidence interval; NET, neuroendocrine tumor; RC, reference category; IPMN, intraductal 
papillary mucinous neoplasm; BMI, body mass index

Table 5. Matched univariable and multivariable analyses 

for predictors of major complications after distal pancreatectomy

Survey among pancreatic surgeons
The response rate was 90% (27 of 30). Advanced laparoscopic gastrointestinal procedures had 
been performed by 70% of Dutch pancreatic surgeons for longer than 5 years, and 74% per-
formed, on average, 10 or more advanced laparoscopic gastrointestinal procedures each year 
(see Appendix 1). Despite this experience, 48% of pancreatic surgeons had no experience with 
LDP. Training would be welcomed by 85% and subsequently, participation in a randomized 
controlled trial on LDP vs ODP by 96%.
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Question Answers
(n=27)

1. Working in an academic medical center, % 48

2. > 5 years experience with advanced laparoscopic GI-surgery, % 70

3. > 10 advanced laparoscopic GI surgical procedures per year, % 74

4. No experience with laparoscopic pancreatic surgery, % 48

5. Indication for a laparoscopic approach*

Benign tumor, % 100

Premalignant tumor, % 100

Malignant tumor, % 85

6. Reject a laparoscopic approach if*

Other organs involved, % 81

Tumor > 6 cm, % 48

Malignant tumor, % 15

Morbid adiposity, % 19

Never, % 11

7. Willing to participate in LDP training, % 85

8. Expected eventual percentage LDP of all distal pancreatectomies, % 43

9. Barriers of starting with LDPs*

None, % 63

Lack of specific training in LDP, % 37

Lack of time in operative schedules, % 33

10. LDP with splenectomy is a technical problem, % 26

11. Spleen preserving DP is a technical problem, % 41

12. Willing to participate in a RCT on LDP versus ODP, % 96

*Multiple answers possible 
Abbreviations: GI, gastrointestinal; LDP, laparoscopic distal pancreatectomy; DP, distal pancreatectomy; RCT, randomized 
controlled trial; ODP, open distal pancreatectomy

Appendix  1. Survey amongst Dutch pancreatic surgeons

DISCUSSION

Despite underuse of LDP on a nationwide level and a clear impact of selection bias, LDP 
appeared to be at least noninferior to ODP. The benefits of LDP (lower rate of major compli-
cations, less blood loss, and shorter hospital stay), as seen in the full cohort analysis, became 
nonsignificant after propensity score matching, highlighting the importance of correcting for 
selection bias. The underuse of LDP, the high conversion rate and the large proportion (48%) 
of pancreatic surgeons without experience in LDP emphasize the need for specific LDP train-
ing, which would be welcomed by the vast majority (85%) of Dutch pancreatic surgeons. 
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The results of this nationwide analysis largely support findings from earlier systematic reviews 
from mainly expert centers.11,14,16 Interestingly, in our study, after matching, no statistically 
significant differences were seen in complication rates, such as major complications, post-
operative pancreatic fistula, delayed gastric emptying, postpancreatectomy hemorrhage, or 
surgical site infection. This might be explained by a type II error: a larger sample sizes could 
have shown an (potential) advantage of LDP. However, a recent systematic review that in-
cluded only case-matched studies comparing LDP vs ODP (75% performed in a single expert 
center), similarly, did not find significant advantages of LDP concerning complication rates.15 
Splenectomy rates were reported only in 1 case-matched study and were lower in the LDP 
group (70% after LDP vs 88% after ODP; p < 0.001).30 It is unclear as to exactly why laparos-
copy could prevent splenectomy. Nevertheless, preventing splenectomy whenever possible is 
important because splenectomy necessitates vaccinations and a supply of appropriate antibi-
otics for emergency use.31 Furthermore, most casematched studies and several multivariable 
analyses30,32 demonstrated a significant reduced hospital stay after LDP. These findings require 
confirmation in a pragmatic randomized controlled multicenter trial performed by surgeons 
trained in LDP. 

In this series, only 10% of distal pancreatectomies were started laparoscopically, but this still 
compares favorably to the 4% in a recent US nationwide series (1998 to 2009). Nonethe-
less, in the US, the proportion of distal pancreatectomies performed via a minimally inva-
sive approach tripled over the study period, from 2% to 7%,33 while the proportion in the 
Netherlands did not increase over the past 8 years. A clear explanation for this stagnation in 
the Netherlands is lacking, but it could be related to an absence of specific training in LDP 
combined with worries for a learning curve effect. In series from expert centers, up to 73% of 
distal pancreatectomies were performed laparoscopically.34 This implies that the use of LDP 
varies widely between expert and nonexpert centers. 

Failure to identify the tumor as an indication for conversion in 10% of all LDPs highlights the 
need for intraoperative ultrasound, which was not performed routinely. These factors could 
explain the high conversion rate (33%). Conversion rates as low as 0% have been reported8 
and demonstrate which results can be obtained in high-volume expert centers.35 The positive 
impact of centralization of pancreatic surgery is widely recognized,9,10,36 but the influence of 
centralization on outcomes of LDP is still under debate, because conversion rates of 25% to 
30% are also reported by some very high-volume expert centers. 37,38 High-volume pancre-
atic surgery is apparently no guarantee for low conversion rates and good outcomes during 
attempted LDP. 

This is one of the reasons why specific training in LDP appears useful. This study is the first to 
describe the use and outcomes of LDP on a nationwide level. Limitations of this study are its 
retrospective design with risk of selection bias and information bias. However, we attempted 
to reduce the impact of these biases by propensity score matching based on 5 relevant baseline 
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characteristics and by adopting Clavien-Dindo, ISGPS, and CDC definitions. 

Conclusion
Altogether, despite of an underuse, LDP seemed to be at least noninferior to ODP on a nation-
wide level. Because of the limited number of LDP (10%) and high conversion rate (33%) in 
“real-world” clinical practice, there is clearly room for improvement, which could be achieved 
by structured training. Such a training program has recently been implemented on a nation-
wide level by the Dutch Pancreatic Cancer Group. Pragmatic randomized controlled multi-
center trials should determine whether outcomes after LDP are truly superior. 
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ABSTRACT

Background: Resection for pancreatic neuroendocrine tumours (pNET) is suggested to be 
associated with an increased risk of a post-operative pancreatic fistula (POPF). The aim of this 
study was to describe morbidity after resections for pNET, focusing on POPF. Outcomes were 
compared with resections for other lesions.

Methods: Patients undergoing an elective pancreatic resection during a 12-year period were 
retrospectively analyzed. Morbidity was defined according to the International Study Group 
of Pancreatic Surgery (ISGPS) definitions.

Results: Eighty-eight out of 832 patients (10.6%) underwent a resection for pNET. Atypical 
pancreatic resections (enucleation and central pancreatectomy) and distal pancreatectomies 
were more frequently performed for pNET. The POPF rate was 22.7% in patients operated 
for pNET compared with 17.2% in other patients (P = 0.200). In univariate analysis, body 
mass index (BMI), pancreatic duct diameter, somatostatin analogue administration, type of 
resection and type of pathology were associated with a POPF. In multivariate analysis, BMI, 
a pancreatic duct diameter <3 mm and central pancreatectomy remained independent risk 
factors [odds ratio (OR) 1.93, 95% confidence interval (CI) 1.22–3.07 and OR 3.04, 95% CI 
1.05–8.82, respectively].

Conclusions: High rates of POPF were found in patients operated for pNET. However, this 
was mainly owing to the fact that atypical resections, known to be associated with a higher 
fistula rate, were performed more frequently in these patients.
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PANCREATIC FISTULAE AFTER PANCREATIC RESECTIONS

INTRODUCTION

Pancreatic neuroendocrine tumours (pNET) are malignancies of the pancreas with a reported 
incidence of <1 per 100 000 persons per year.1 Although pNET only comprise approximately 
3% of all pancreatic neoplasms, autopsy studies have indicated that pNET are much more 
common; incidence rates up to 10% in patients undergoing extensive pathological post-mor-
tem examination are described.2,3 Furthermore, the incidence is increasing, partly explained 
by growing numbers of incidentally detected pNET owing to the more frequent use of imag-
ing.1,4–6 

PNET can be divided into functional and non-functional tumours (NF-pNET). Functional 
PNET secrete hormones, such as insulin, gastrin and glucagon, all causing a specific hor-
monal syndrome. Non-functional tumours, estimated to make up 90% of all pNET, are not 
associated with a specific hormonal syndrome either because no peptide is secreted or the 
secreted substance does not cause any symptoms.1 

In contrast to pancreatic adenocarcinoma, most pNET have an indolent tumour biology. 
Nevertheless, surgery is the treatment of choice for resectable disease and selected cases with 
resectable metastases.7–11 However, controversy remains regarding several surgical aspects of 
pNET, such as the role of atypical resections (enucleations and central pancreatectomies), 
resection of the pNET primary in case of metastases and the surgical management of possibly 
benign, small (<2 cm) NF-pNET.11–16 

An important determinant in the surgical approach of patients with pNET is post-opera-
tive morbidity. Although mortality after a pancreatic resection has decreased below 5% in 
high-volume centers, morbidity remains high (40–70%).17,18 A post-operative pancreatic fis-
tula (POPF) is one of the most frequent, potentially life-threatening complications and can 
originate from the pancreatic remnant after a distal pancreatectomy (DP) or enucleation, as 
well as from an anastomosis such as the pancreaticojejunostomy or pancreatico-gastrosto-
my.19 Several histomorphological features of the pancreas have been associated with POPF. 
Soft consistency of the pancreatic parenchyma is regarded as a risk factor for fistula devel-
opment, as well as small pancreatic duct size and fatty pancreas.20–24 Underlying pathology 
is also correlated with the incidence of POPF as adenocarcinoma and chronic pancreatitis 
are typically associated with firm, fibrotic and thereby easily sutured glands, whereas other 
peri-ampullary cancers and benign processes are associated with a soft gland.20,21 pNET rarely 
cause duct dilatation and fibrosis, and could therefore be associated with increased rates of 
POPF.8,20,21,25 

In this study, we describe a cohort of patients undergoing a resection for pNET at a referral 
center for pancreatic lesions. Post-operative morbidity is compared between patients operat-
ed for pNET and patients undergoing a pancreatic resection for other diseases, with special 
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interest in the incidence of a pancreatic fistula.
 
PATIENTS AND METHODS 

A consecutive series of patients undergoing an elective pancreatic resection during a 12-year 
period at a tertiary referral center was analyzed. Local pancreatic head resections combined 
with a  pancreaticojejunostomy for chronic pancreatitis and total pancreatectomies were ex-
cluded. Furthermore, pancreatic tail resections, as part of extended oncological multivisceral 
resections (e.g. for stomach or colonic cancer), as well as pancreatic resections for abdominal 
trauma were also excluded. 

Data concerning patients treated with a pancreatoduodenectomy (PD) were gathered from 
a prospectively registered database. Patients undergoing other types of pancreatic resection 
were identified using electronic administrative databases and data were retrospectively col-
lected. The clinical records of all patients were analyzed with regard to fulfilling the criteria 
of this study. Clinicopathological data, demographics and post-operative outcomes were as-
sessed. Main pancreatic duct diameter and size of neuroendocrine tumours were based upon 
measurements on pre-operative computed tomography. In case of multiple neuroendocrine 
lesions, the size of the largest lesion was noted. 

Because the present study involved a retrospective analysis of anonymized data, the Dutch 
Ethical Review Board regulations do not require informed consent.

Surgical procedures
The standard surgical procedure for suspected malignancy (including grade 3 neuroendocrine 
neoplasms) of the pancreatic head was a pylorus-preserving PD with removal of the lymph 
nodes on the right side of the portal vein, as described earlier.26,27 In case of tumour in growth 
in the pylorus or duodenum, a classic Whipple’s resection was performed. Reconstruction 
was performed by end-to-side pancreaticojejunostomy, end-to-side hepaticojejunostomy and 
a duodeno – or gastrojejunostomy on the same jejunal limb, without Roux-and-Y reconstruc-
tion. Lesions of the pancreas body and/or tail were treated with a DP with or without spleen 
preservation. The decision to include a splenectomy was made intra-operatively, taking into 
account the patient’s underlying disease as well as the curative intention. The pancreatic rem-
nant was closed either by stapler or hand sewn, depending on the patients participation in a 
trial, or the surgeons preference.28 A central pancreatectomy (CP), also known as a middle 
or median pancreatectomy, was performed only for small benign or low-grade malignant 
neoplasms and metastases from extrapancreatic malignancies (renal cell carcinoma), located 
in the pancreatic body. The transected pancreatic head was stapled or sutured and an end-to-
side Roux-and-Y pancreaticojejunostomy was anastomosed to the pancreatic tail. Enuclea-
tion was considered for superficial insulinomas, non-functioning tumours smaller than 2 cm 
and small cystic neoplasm, taking into account that the main pancreatic duct could safely be 
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preserved. When in doubt, an intra-operative ultrasonography was performed. On occasion, 
an absorbable fibrin sealant patch was used if there was a high anticipated risk of a post-op-
erative pancreatic fistula. 

A prophylactic, intraperitoneal drain was placed routinely after all pancreatic resections (ex-
cept after enucleations) and was generally removed after 4–5 days, earlier if output had ceased 
and the condition of the patient justified its removal. Somatostatin analogues (100 μg sub-
cutaneously 3 times/day) or long-acting somatostatin analogues (120 mg intragluteal 1/28 
days) were administered prophylactically to patients at risk of developing a pancreatic fistula 
(non-dilated pancreatic duct and/or soft pancreatic tissue), and as short-time treatment for 
an established POPF.

Underlying disease
The diagnosis of the underlying disease was based upon histopathology reports. Neuroendo-
crine tumours were considered non-functional if no clinical symptoms of hormonal excess 
were present. Insulinomas were biochemically diagnosed using a 72-h supervised fasting test. 
The diagnosis of gastrinoma was established by measuring elevated fasting gastrin levels. VI-
Poma was confirmed by raised serum vasoactive intestinal peptide levels. Patients were con-
sidered as having carcinoid syndrome if tumour symptoms were accompanied with evidence 
of serotonin, tachykinin or prostaglandin secretion.

Outcome measures
Primary evaluated outcome was morbidity after surgery. A POPF, delayed gastric emptying 
(DGE) and a post-operative haemorrhage (PPH) were defined according to the International 
Study Group of Pancreatic Surgery (ISGPS) definitions.29–31 For these specific complications, 
grades B and C were considered clinically relevant. An abdominal abscess was defined as 
a fluid collection with positive bacterial culture. Other peri-operative outcome parameters 
were: the need for reoperation, duration of hospital stay, readmission within 30 days and 
peri-operative mortality defined as death in hospital.

Statistical analysis 
For all statistical analyses PASW Statistics 18.0.2 was used (SPSS Inc, Chicago, IL, USA). Re-
sults are presented as mean ± SD or median with interquartile range (IQR) depending on the 
distribution of the data. Comparison between patients with pNET and patients with other 
indications for a pancreatic  resection was performed using the χ2 test or Fisher’s exact test 
for categorical data, and the  independent t-test or the Mann–Whitney U-test for continuous 
data, depending on the distribution. Univariate logistic regression analysis was performed to 
identify risk factors for the development of a pancreatic fistula. Factors with a P-value of ≤0.20 
and factors with clinical plausibility for impacting outcome were considered for inclusion in 
multivariate regression analysis. In order to include all patients in the multivariate analysis, 
missing values of body mass index (BMI) and pancreatic duct size were imputed using mul-
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tiple imputation with a creation of five datasets. Multivariate logistic regression analysis was 
done in the five imputed datasets and the outcomes were pooled. Results are shown as odds 
ratio’s (OR) and 95% confidence intervals (CI). In all analyses, P < 0.05 was considered to 
indicate statistical significance.
 
RESULTS

Patient characteristics
During the study period, 832 consecutive patients underwent an elective pancreatic resection 
and fulfilled the inclusion criteria. Of these, 88 patients (10.6%) underwent a surgical resec-
tion for pNET. The remaining 744 patients underwent an elective pancreatic resection for 
other diseases (Table 1). 

pNET 
(n=88)

Other 
(n=744)

Total
(n=832) p value

Age – Mean (SD) 55 (13.8) 62 (12.4) 61 (12.7) 0.001

Male sex – No (%) 39 (44.3) 410 (55.1) 449 (54.0) 0.055

ASA classification – No (%)

I 20 (22.7) 152 (20.4) 172 (20.7) 0.960

II 59 (67.0) 466 (62.6) 525 (63.1) 0.211

III/IV 9 (10.2) 126 (16.9) 135 (16.2) 0.088

Body Mass Index (kg/m2) – Mean (SD) 25.8 (4.4)† 24.6 (4.1)† 24.8 (4.1) 0.047

Comorbidity – No (%)

Cardiac 11 (12.5) 152 (20.4) 163 (19.6) 0.142

Diabetes mellitus 11 (12.5) 132 (17.7) 143 (17.2) 0.094

Hypertension 19 (21.6) 192 (25.8) 211 (25.4) 0.273

Pulmonary 4 (4.5) 73 (9.8) 77 (9.3) 0.082

Pancreatic duct diameter < 3mm – No (%) 68 (77.3) 334 (47.7) * 402 (48.3) <0.001

Somatostatin analogue administration – No (%) 51 (58.0) 369 (49.6) 420 (50.5) 0.138

Surgical procedure – No (%)

Central pancreatectomy 9 (10.2) 11 (1.5) 20 (2.4) <0.001

Distal pancreatectomy 26 (29.5) 113 (15.2) 139 (16.7) <0.001

Spleen-preserving (% of DP) 15 (57.7) 45 (39.8) 60 (43.2) 0.097

Enucleation 24 (27.3) 4 (0.5) 28 (3.4) <0.001
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Pancreatoduodenectomy 29 (33.0) 616 (82.8) 645 (77.5) <0.001

Pylorus-preserving (% of PD) 24 (82.8) 546 (88.6) 570 (88.4) 0.335

† For 64 patients (72.7%) and 496 (66.7%) data for calculation of BMI was available.
* For 269 patients (80.5%) data on pancreatic duct size was available.
PNET = pancreatic neuroendocrine tumour, SD= standard deviation, ASA = American society of anesthesiologists, PD = pan-
creatoduodenectomy, DP = distal pancreatectomy

Table 1 Patient and operative characteristics of 88 patients with pNET and 744 patients with other 

diseases undergoing pancreatic resection.

Of the 88 patients undergoing a resection for pNET, 64 patients had a pNET defined as 
non-functional (72.7% of pNET). Twenty-four patients had functioning neuroendocrine 
tumours (27.3%):  insulinomas (18/88; 20.5%), gastrinomas (3/88; 3.4%), carcinoids (2/88; 
2.3%) and VIPoma (1/88; 1.1%). Of the pNET, 52/88 (59.1%) were classified as grade 1, 25/88 
(28.4) as grade 2 and 5/88 tumours (5.7%) were classified grade 3.26 The remaining six tu-
mours (6.8%) could not be classified. The median pNET size was 21 mm (range 7–150). 

Seven hundred forty-four patients (89.4%) underwent a pancreatic resection for other diseas-
es. Two hundred fortyfour patients (29.3%) had pancreatic adenocarcinoma as the underlying 
disease and eighty-six patients (10.3%) had chronic pancreatitis. One hundred and forty-one 
patients (17.3%) had miscellaneous pancreatic diseases: serous and mucinous cystadenomas 
(35 and 22), intraductal papillary mucinous neoplasms (48), metastases from extrapancreatic 
malignancies (15), solid pseudopapillary neoplasms (6) and other pancreatic indications (15). 
The remaining 273 (32.8%) patients were operated for non-pancreatic diseases: 135 (16.2%) 
ampullary carcinoma, 93 (11.2%) distal cholangiocarcinoma and 45 (5.4%) miscellaneous 
non-pancreatic indications. 

Patients undergoing a resection of pNET were significantly younger and had a higher BMI 
compared with the other patients. Furthermore, a small pancreatic duct size (<3 mm) was 
more frequently found in patients with pNET. 

Surgical procedures
Surgical procedures performed were 645 pancreatoduodenectomies (77.5%), 139 distal pan-
createctomies (16.7%), 20 central pancreatectomies (2.4%) and 28 enucleations (3.4%). Re-
garding distal pancreatectomies, the pancreas was transected using a stapling device in 66 
patients (47.5%), whereas the pancreatic remnant was hand-sewn in 61 patients (43.9%). Five 
patients (3.6%), all with chronic pancreatitis, had a pancreaticojejunostomy anastomosed to 
the pancreatic head. In 7 patients (5.0%), the technique of closure of the pancreatic remnant 
was unknown. After a central pancreatectomy, the head was closed using staples in 15 patients 
(75.0%) and hand-sewn in five (25.0%), the pancreatic tail was reconstructed with a pancre-
aticojejunostomy in all patients. Three distal pancreatectomies were performed laparoscopi-
cally (2.2%). In seven patients (4 distal pancreatectomies and 3 enucleations), an absorbable 

5

PANCREATIC FISTULAE AFTER PANCREATIC RESECTIONS



110

fibrin sealant patch was applied after a pancreatic resection. 

Enucleations, central pancreatectomies and distal pancreatectomies were more often per-
formed for neuroendocrine tumours, whereas a pancreatoduodenectomy was less frequently 
performed. 

Post-operative outcome 
The overall morbidity and mortality rate was 54.6% and 2.2%, respectively (Table 2). Sur-
gery-related complications occurred in 391 patients (47.0%). The median length of hospital 
stay was 11 days. A clinically relevant POPF was the most frequent surgical complication 
after a resection for pNET (22.7%). In the group undergoing a pancreatic resection for other 
indications, and the overall group, clinically relevant DGE had the highest incidence (28.1% 
and 26.4%, respectively).

POPF
The overall clinically relevant pancreatic fistula rate was 17.8% and did not change significant-
ly during the study period. The POPF rate subdivided according to type of underlying pathol-
ogy and type of pancreatic resection is shown in Table 3, The highest rate of POPF was seen in 
patients operated for ampullary carcinoma (24.4%), whereas patients operated for pancreatic 
adenocarcinoma had the lowest fistula rate (9.0%). Of the 88 patients with a neuroendocrine 
tumour, 20 (22.7%) developed a grade B or C POPF. Regarding type of resection, enucleation 
and a central pancreatectomy were significantly associated with high rates of POPF (35.7% 
and 40.0%, respectively) compared with a pancreatoduodenectomy (17.7%) and distal pan-
createctomy (11.5%) (P ≤ 0.001).
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pNET 
(n=88)

Other 
(n=744)

Total
(n=832) p value

Any complication – No (%) 41 (46.6) 413 (55.5) 454 (54.6) 0.112

Surgical complications  – No (%) 38 (43.2) 353 (47.4) 391 (47.0) 0.448

Pancreatic fistula grade B/C* 20 (22.7) 128 (17.2) 148 (17.8) 0.200

Delayed gastric emptying grade B/C * 11 (12.5) 209 (28.1) 220 (26.4) 0.002

Postpancreatectomy haemorrhage grade 
B/C * 6 (6.8) 37 (5.0) 24 (4.3) 0.460

Wound infection 3 (3.4) 74 (9.9) 77 (9.3) 0.050

Other 10 (11.4) 72 (9.7) 82 (9.9) 0.616

Non-surgical complications – No (%) 12 (13.6) 172 (23.1) 184 (22.1) 0.043

Cardiac 3 (3.4) 46 (6.2) 49 (5.9) 0.469

Pneumonia 2 (2.3) 39 (5.2) 41 (4.9) 0.302

Other pulmonary 5 (5.7) 60 (8.1) 65 (7.8) 0.431

Urinary tract infection 4 (4.5) 55 (7.4) 59 (7.1) 0.507

Other 3 (3.4) 58 (7.8) 61 (7.3) 0.191

In-hospital mortality – No (%) 2 (2.3) 16 (2.2) 18 (2.2) 1.000

Reoperation – No (%) 6 (6.8) 59 (7.9) 65 (7.8) 0.713

Length of hospital stay in days – Median (IQR) 11 (10) 11 (9) 11 (9) 0.255

Hospital readmission within 30 days – No (%) 10 (11.4) 76 (10.2) 86 (10.3) 0.738

* According to the International Study Group of Pancreatic Surgery definition, 
PNET = pancreatic neuroendocrine tumour, IQR = interquartile range, PJ = pancreaticojejunostomy

Table 2. Postoperative complications and other outcomes in patients undergoing pancreatic 

resection for pNET (n=88) and other diseases (n=744)
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Pancreatic fistula  (ISGPS grade B/C) 
n (%)

Type of underlying pathology

Ampullary carcinoma 33/135 (24.4)

Chronic pancreatitis 13/86 (15.1)

Distal cholangiocarcinoma 22/93 (23.7)

Miscellaneous non-pancreatic disease 13/45 (28.9)

Miscellaneous pancreatic disease 25/141 (17.7)

Pancreatic adenocarcinoma 22/244 (9.0) †

PNET 20/88 (22.7)

Type of resection

Central pancreatectomy 8/20 (40.0) ‡

Distal pancreatectomy 16/139 (11.5) 

Enucleation 10/28 (35.7) ‡

PD/PPPD 114/645 (17.7)

Total 148/832 (17.8)

† p=<0.05 versus all other pathologies except chronic pancreatitis
‡ p=<0.05 versus PD/PPPD and versus distal pancreatectomy
PNET = pancreatic neuroendocrine tumour, PD = pancreatoduodenectomy, PPPD = pylorusperserving pancreatoduodenectomy

Table 3. Postoperative pancreatic fistula rate subdivided according to type of underlying 

pathology and type of pancreatic resection (n=832)

In univariate analysis, BMI, pancreatic duct diameter, somatostatin analogue administration, 
type of resection and type of underlying pathology were associated with the risk of develop-
ing a pancreatic fistula (Table 4). In multivariate analysis, BMI, pancreaticduct diameter <3 
mm and a central pancreatectomy remained independent risk factors for the development of 
a POPF (OR 1.93, 95% CI 1.22–3.07 and OR 3.04, 95% CI 1.05–8.82, respectively). PNET as 
underlying pathology was not associated with post-operative fistula development. 

Subanalysis of patients undergoing a pancreatoduodenectomy  
When only patients who underwent a pancreatoduodenectomy (n = 645) were analyzed, 
BMI,  pancreatic duct diameter and type of underlying pathology were associated with fistula 
development in univariate analysis. In multivariate analysis, only BMI and pancreatic duct 
diameter remained independently associated with a POPF (OR 1.11, 95% CI 1.04–1.18 and 
OR 2.09, 95% CI 1.28 – 3.41, respectively).
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Univariate 
p-value

Multivariate

Odds ratio 95% CI-
interval p-value

Age > 59 year 0.889 - - -

Male gender 0.351 - - -

Body Mass Index  (kg/m2)* <0.001 1.12 1.06 – 1.19 <0.001

ASA classification 0.725 - - -

I ref - - -

II 0.760 - - -

III/IV 0.660 - - -

Comorbidity

Cardiac 0.493 - - -

Diabetes mellitus 0.812 - - -

Hypertension 0.470 - - -

Pulmonary 0.303 - - -

Pancreatic duct diameter <3mm† <0.001 1.93 1.22 – 3.07 0.005

Somatostatin analogue administration 0.026 0.93 0.62 – 1.39 0.723

Type of resection 0.002 - - -

PD/PPPD ref ref ref ref

Central pancreatectomy 0.015 3.04 1.05 – 8.82 0.041

Distal pancreatectomy 0.079 0.64 0.32 – 1.26 0.197

Enucleation 0.020 2.21 0.77 – 6.29 0.140

Type of underlying pathology 0.001 - - -

PNET ref ref ref ref

Ampullary carcinoma 0.768 2.17 0.91 – 5.13 0.079

Chronic pancreatitis 0.203 1.41 0.55 – 3.63 0.474

Distal cholangiocarcinoma 0.882 1.67 0.68 – 4.07 0.261

Miscellaneous pancreatic disease 0.356 1.16 0.53 – 2.43 0.710

Miscellaneous non-pancreatic disease 0.437 2.24 0.81 – 6.18 0.119

Pancreatic adenocarcinoma 0.001 0.75 0.32 – 1.80 0.525

* For 560 patients (67.3%) data for calculation of BMI was available
† For 767 patients (92.2%) data regarding pancreatic duct diameter was available
ASA = American society of anesthesiologists, PD = pancreatoduodenectomy, PPPD = pylorusperserving pancreatoduodenecto-
my, PNET = pancreatic neuroendocrine tumour

Table 4 Univariate and multivariate logistic regression analysis of patient and surgery related risk factors 

for postoperative pancreatic fistula (ISGPS grade B/C)
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DISCUSSION

In this study, a consecutive series of 88 patients with pNET undergoing a resection during a 
12-year period at a tertiary referral center was analyzed. Mortality and morbidity was com-
pared with 744 patients undergoing pancreatic resections for other indications during the 
same period. The overall morbidity and mortality was 54.6% and 2.2%, respectively. Patients 
operated for pNET did not show a significantly higher pancreatic fistula rate compared with 
patients operated for other diseases (22.7% versus 17.2%, P = 0.200). The type of underlying 
pathology was not in independent risk factor for fistula development, except for a lower fistu-
la rate after a resection for pancreatic adenocarcinoma. A central pancreatectomy, known to 
be associated with fistula development and more frequently performed for neuroendocrine 
tumours, was independently associated with a POPF, along with a pancreatic duct diameter 
<3 mm and BMI. 

The overall incidence of clinically relevant POPF (ISGPS grade B/C) was 17.8%. The highest 
incidence of fistula development was seen in patients operated for miscellaneous non-pan-
creatic diseases (13/45, 28.9%), followed by ampullary carcinoma (33/135, 24.4%). The lowest 
fistula rate was seen in patients undergoing pancreatic resections for pancreatic adenocarci-
noma (9.0%) and chronic pancreatitis (15.1%). This is in line with previous reports describing 
lower fistula rates after resections for pancreatic adenocarcinoma and chronic pancreatitis, in 
which the pancreatic parenchyma is fibrotic and firm, and the pancreatic duct is frequently  
dilated.32 Pancreatic lesions that usually do not cause fibrotic reactions, such as pNET are 
generally not associated with pancreatic duct obstruction. High fistula rates after resections 
for pNET have been described accordingly.25,33 

The type of pancreatic resection was strongly associated with post-operative fistula devel-
opment. Patients undergoing a central pancreatectomy and enucleation had POPF rates of 
40.0% and 35.7%, respectively. The high rate of pancreatic fistula after a central pancreatec-
tomy, in which there are two transected pancreatic surfaces, has been widely acknowledged 
and many series report fistula rates greater than 30%.34–37 High rates of pancreatic fistula after 
enucleation have also been reported.38 However, in line with our data, enucleation is not 
always found to be an independent predictor of fistula formation.33,39 

In our study, multivariate analysis identified BMI, a pancreatic duct diameter <3 mm and a 
central pancreatectomy as independent risk factors for the development of clinically relevant 
POPF. The type of underlying disease was not independently associated with POPF; we could 
not identify a neuroendocrine tumour as an independent risk factor for fistula development, 
as described earlier.25 The use of somatostatin analogues was not  independently associated 
with POPF either. Although clear evidence is lacking, usage of somatostatin analogues in a 
riskdependant manner might be beneficial.40 The association of small pancreatic duct size 
and high BMI with POPF development is in line with previous reports.32,41,42 
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PNET are a diverse group of malignancies which compromise only a small portion of all pan-
creatic neoplasms. Presentation and prognosis differs considerably between types of pNET. 
However for all types of pNET resection provides the only chance of a cure and is the treat-
ment of choice. Controversy remains regarding several surgical aspects: for small (<2 cm) 
non-functional neuroendocrine tumours, a non-operative approach can be advocated and 
current guidelines recommend considering short- and long-term sequelae of pancreatic re-
sections in choosing the appropriate treatment.11 As improved imaging techniques contribute 
to growing incidence rates of small NF-pNET, this dilemma is of increasing relevance. Correct 
patient selection is paramount in order to optimize treatment results, especially because pan-
creatic resections are still associated with high postoperative morbidity. Another important 
aspect of pancreatic surgery is the possibility to perform parenchyma-preserving resections. 
These procedures can successfully lower the risk of developing pancreatic endocrine and ex-
ocrine insufficiency.43–45 An increased risk of developing a pancreatic fistula after parenchy-
ma-preserving resections was shown, but these finding can merely aid the decision-making 
process in choosing the appropriate treatment. 

This study has several limitations. Because of its retrospective design regarding patients un-
dergoing atypical resections and the varying surgical details, we could not study the effect of 
various resection and closure techniques which have been described in an attempt to reduce 
the fistula rate. However, a large randomized trial comparing stapler versus hand-sewn clo-
sure did not find any effect and large comparative trials have yet to be published regarding 
other closure techniques.28,46–49 Data regarding pancreatic hardness were also lacking. Al-
though experts agree that a ‘soft’ pancreas is a risk factor for fistula formation, there is no 
clear definition. Palpatory assessment by experienced surgeons is suggested to correlate well 
with quantitative measurements of pancreatic hardness by durometre, although this has to 
be confirmed in large studies.50 Furthermore, we did not assess long-term pancreatic insuffi-
ciency, nor have we investigated survival. In spite of these shortcomings, this study reports a 
large consecutive cohort of pancreatic resections for pNET and other lesions from a single in-
stitution, applying generally accepted ISGPS definitions of outcomes after pancreatic surgery. 

In conclusion, this study describes a consecutive series of patients undergoing a resection 
for pNET at a single center and compares outcomes with patients undergoing a resection 
for other diseases. Although a high pancreatic fistula rate was seen in patients operated for 
pNET, this was due to the fact that atypical resections such as central pancreatectomy and 
enucleation, which are known to be associated with fistula development, were performed 
more frequently in these patients. A neuroendocrine tumour as underlying pathology was not 
independently associated with fistula development. 
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ABSTRACT

Introduction: Mortality due to late haemorrhage after surgery for periampullary tumors is 
high, especially in patients with anastomotic leakage. Patients usually require emergency in-
tervention for late haemorrhage. In this study patients with late haemorrhage and their out-
comes were analyzed. Furthermore independent predictors for late haemorrhage, the need for 
emergency intervention and type of intervention were reported. 

Methods: From a prospective database including 1035 patients who underwent pancreatodu-
odenectomy for periampullary tumors between 1992-2012, patients with late haemorrhage 
(> 24 hours after index operation) were identified. Patients’ disease specific and operation 
characteristics, type of intervention and outcomes were analyzed. Emergency intervention 
was defined as surgical or radiological intervention in hemodynamically unstable patients.  

Results: Of 47 patients (4.5%) with late haemorrhage, pancreatic fistula was an independent 
predictor for developing late haemorrhage (OR 10.2). Mortality in patients with late haem-
orrhage was 13% versus 1.5% in all patients without late haemorrhage. 20 patients required 
emergency intervention, 80% underwent primary radiological intervention and 20% primary 
surgical intervention. Extraluminal location of the bleeding (OR 5.6) and occurrence of a 
sentinel bleed (OR 6.6) predicts the indication for emergency intervention. 

Conclusion: Type of emergency intervention for late haemorrhage is unpredictable. Radi-
ological intervention is preferred, but if it fails immediate change to surgical treatment is 
mandatory. This can be difficult to manage but possible when both radiological and surgical 
interventions are in close relation such as in a hybrid operation room and should be consid-
ered in the emergency management of patients with late haemorrhage. 
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INTRODUCTION

While mortality after pancreatoduodenectomy (PD) has decreased dramatically over the past 
decades in high volume centers, morbidity is still high with 40-60% 1–4. Late haemorrhage 
after pancreatic surgery remains one of the most important causes of postoperative mortality 
due to the unstable condition of the patient 5–7. 

The combination of late haemorrhage and abdominal sepsis caused by a pancreatic fistula 
(PF) is an extreme threatening condition 8,9. Anastomotic leakage is a well-known risk factor 
for late haemorrhage, resulting in erosion of the arterial vessel, dehiscence of the anastomosis 
and bleeding from the suture line or formation of a pseudo-aneurysm 5,7,10–12. Risk factors 
for leakage are a non-dilated pancreatic duct and soft pancreas as often found in patients 
with papillary tumors, duodenal carcinoma, neuro-endocrine tumors (NET) and branch duct 
intraductal papillary mucinous neoplasm (IPMN). Most are (pre)malignant diagnoses for 
which an operation is increasingly used as first curative treatment of choice 13–17.  

A patient suffering from late haemorrhage and PF, frequently preceded by a sentinel bleed, is 
an indication for emergency intervention to stabilize the patient’s life threatening condition 
by controlling  the bleeding and achieving subsequent adequate drainage of the underlying 
PF 18,19. No other predictors are known for which patients are likely to require an emergency 
intervention 20. While late haemorrhage is currently preferably treated by the interventional 
radiologist some patients still require urgent surgery if radiological management fails 5,6,9,21,22. 

In previous studies we reported about the incidence and high mortality rate in patients with 
late haemorrhage 7,23. The severity and high mortality rates of this complication demands 
optimal management. In this study we focus on predicting factors for patients at risk of late 
haemorrhage and moreover which emergency intervention will provide the most optimal 
management. Furthermore, failure and success rates of the chosen intervention were analyzed 
to investigate whether certain patients can be preselected for radiological or surgical emer-
gency intervention.
 
METHODS

Patient selection
In the period 1992-2012, all patients undergoing pancreatoduodenectomy (PD) for a periam-
pullary tumor (tumor confined to the head of the pancreas, ampulla, distal common bile duct 
or duodenum) were registered in a prospectively maintained database. Patients underwent a 
pylorus preserving PD or classical Whipple-Kausch PD.

Only patients with late haemorrhage were selected for this study. Late haemorrhage was de-
fined as the occurrence of a bleeding more than 24 hours after index operation. Severity and 
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location of the bleeding were defined according to the international study group of pancreatic 
surgery (ISGPS) criteria 24 (Figure 1). From this selection, patients who were in need of an 
emergency intervention due to late haemorrhage after PD were identified. Emergency inter-
vention was defined as a surgical or radiological intervention for the management of severe 
haemorrhage as depicted in figure 1. Intervention was performed within 6 hours after onset 
of the bleeding, due to the life-threatening condition of the patients. For this retrospective 
analysis of pre-existing data no approval of the Medical Ethical Committee was required.

 Location    
 Intraluminal  Bleeding from pancreatic surface, anastomosis suture    
    lines or ulcera into the tractus digestivus 

 Extraluminal  Bleeding from vessels, resection area, anastomosis suture   
    lines or pseudo aneurysm into the abdominal cavity

 Severity
 Mild (grade B)  Blood loss of < 3 g/dl (< 1.9 mmol/L) 
    Mild clinical impact (no hemodynamic instability)
    Treatment: blood transfusion (2-3 units), no reintervention 
    necessary 

 Severe (grade C)  Blood loss of ≥ 3 g/dl (≥ 1.9 mmol/L)
    Severe clinical impact (hemodynamic instability, e.g. hypotension 
    arterial pressure < 70 mm Hg, tachycardia, ol iguri, 
    hypovolemic shock)
    Treatment: blood transfusion > 3 units, invasive therapy   
    (reoperation or radiologic intervention necessary) 

Figure 1. Definition of late haemorrhage, > 24 hours after pancreatoduodenectomy according to the ISGPS criteria 

Outcome parameters
Patient and operation characteristics, diagnosis at pathology, postoperative complications 
(based on the ISGPS criteria 24–26), time interval between the onset of PF and late haemor-
rhage in days, mortality and hospital stay were extracted from the database for all resected 
patients. 
AJCC stage was categorized in two groups: IA – IIA versus IIB - IV, based on the extent of the 
disease meaning positive lymph nodes and T4 stage. Pancreatic fistula was defined as leakage 
from the pancreaticoenterostomy according to the ISGPF definition. Only clinical relevant 
pancreatic fistula, grade B/C, are included in the analysis 26. Clinically relevant pancreatic or 
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hepatic anastomotic leakages were treated according to the ISGPS criteria with radiological, 
endoscopic or surgical intervention depending on the severity and grade. 

Sentinel bleed was defined as a very limited bleeding from the abdominal drain or nasogastric 
tube or by the presence of meleana or haematemesis. Sentinel bleed requires no emergency 
intervention and occurs > 24 hours after index operation and before onset of late haemor-
rhage. 

Within patients with late haemorrhage, potential predictors for the indication of an emergen-
cy intervention and type of intervention were identified; patient, disease specific, operation 
characteristics and haemorrhage parameters depicted in figure 1 7. Additional contributing 
factors which could be associated with patients with late haemorrhage and the need for an 
emergency intervention were retrieved retrospectively from patients’ charts. This included:

-Contributing factors before index operation: use of anticoagulant medication, history with 
clotting disorders, existence of pre-operative stenosis of the celiac trunk seen on computed 
tomography (CT), pancreatitis or cholangitis, jaundice or an increased pancreatic duct diam-
eter (>3mm) 27,28. 

- Contributing factors after index operation and prior to the occurrence of late haemorrhage: 
trombopenia (< 150*109/L), liver enzymes disorders (ASAT > 40 U/L or ALAT > 34 U/L), co-
agulation disorder (prolonged activated partial thromboplastin time (APTT > 30 seconds) or 
prothrombin time (PT > 11.6 seconds), based on the standard reference of 200 healthy volun-
teers). Pathology diagnosis, arterial or venous reconstruction during pancreatoduodenecto-
my, placement of drain during index operation or placement of extra drain to initiate abscess 
drainage ≥ 1 days postoperatively were also analyzed.

Surgical procedure
After resectability was assessed, the standard surgical procedure was a pylorus-preserving 
PD, if necessary a classic Whipple-Kausch resection was performed, as described in previous 
studies 29. Reconstruction was performed by an end-to-side duct-to-mucosa pancreaticojeju-
nostomy (PJ), end-to-side hepaticojejunostomy (HJ) followed by a gastrojejunostomy (GJ) or 
duodenojejunostomy (DJ). One silicon drain was left in the omental bursa. Vascular proce-
dures included (wedge) resection of the portal vein and bypass reconstruction of the hepatic 
artery 30. Somatostatin analogue was routinely used in high risk patients for pancreatic fistula 
with a non-dilated pancreatic duct and/or soft tissue pancreas. 

Emergency intervention
The choice for the type of emergency intervention, radiologically or surgically, was based on 
the patient’s condition. Depending on the severity of the clinical deterioration and the logis-
tics capabilities, the best strategy was chosen.  
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Conservative treatment in patients with late haemorrhage but without the need of an emer-
gency intervention consisted of optimizing medical treatment, blood transfusion and sup-
portive care.  

Surgical intervention included exploration, removal of intra-abdominal hematoma, and su-
turing or ligation of the bleeding vessel, a bleeding site at the anastomotic suture lines or a 
pseudo aneurysm. Any associated leakage of the PJ or HJ was treated with drainage, closure 
of anastomotic defect, dismantling the anastomosis, reconstruction of a new anastomosis or 
salvage pancreatectomy.

Radiological intervention included imaging before intervention which was generally per-
formed by CT-scanning to assess the presence and location of arterial bleeding or a pseu-
do-aneurysm. When present, this was followed by selective angiography and when possible 
coil embolization of the false aneurysm or arterial extravasation. In selected cases placement 
of a stent graft was performed. In some hemodynamically compromised patients CT-scan-
ning could not be performed due to time constraints and these patients were directly referred 
for angiography or surgery.

Failure of emergency intervention
To analyze the failure rate of emergency intervention, failure was defined as a radiological 
intervention which did not successfully stop the bleeding and required surgical intervention 
or in case the patient died despite the intervention.

Statistical analyses
IBM SPSS Statistics, version 20.0. (IBM Corp., Armonk, NY, United States) was used for 
statistical analysis. Categorical data were presented as frequency or percentage. Continuous 
data were presented as mean ± standard deviation or as median and interquartile range de-
pending on the distribution. Differences between patient groups were analyzed according 
to Chi-square test in case of dichotomous variables. Student T-test or Mann-Whitney U test 
were used for continuous variables depending on the distribution.  Multivariable regression 
analysis to identify independent predictors was performed using a binary logistic regression, 
odds ratio with confidence interval were given. 

Potential predictors for developing late haemorrhage identified after univariable analysis 
(p<0.2) and potential confounding patients characteristics were included in multivariable 
analysis depending on the number of events. Only significant predictors for the need of an 
emergency intervention after univariate analysis (P < 0.05) were included in multivariable 
analysis due to the limited number of events. A P value of < 0.05 was considered to be statis-
tically significant. 
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RESULTS

A total of 1035 patients undergoing PD for periampullary tumor were identified. In 47 pa-
tients (4.5%) a late haemorrhage was reported. The incidence of late haemorrhage did not 
change during the period of 1992-2012. Characteristics of patients with and without late 
haemorrhage are summarized in table 1, no differences were found.

Patients without postope-
rative late haemorrhage   

N = 988 (95.5%)

Patients with postopera-
tive late haemorrhage

N = 47 (4.5%)

Univariable analysis
P-value

Mean age (±SD), years 62 (11) 62 (11) 0.55

Females, n (%) 422 (43) 19 (40) 0.76

ASA score, n (%)
I/II
III/IV

814 (82)
174 (18)

41 (87)
6 (13)

Comorbidity, n (%)
Cardiac
Pulmonary
Hypertension              
Diabetes mellitus

190 (19)
103 (10)
235 (24) 
173 (18)

11 (23)
4 (9)

10 (21)
5 (11)

0.48
0.67
0.74
0.22

SD=standard deviation Univariable analysis was performed using chi-square test. Student T-test or Mann-Whitney U test.

Table 1. Characteristics patients with and without late haemorrhage after pancreatoduodenectomy due to a periampullary tumor.

Postoperative outcomes of these patients were depicted in table 2. In univariable analysis, late 
haemorrhage was less frequently reported in patients with pancreatic adenocarcinoma (P = 
0.004) and AJCC stage IA – IIA (P = 0.016). Late haemorrhage was more frequently seen in 
patients with PF and leakage of the HJ (both P < 0.001).  In multivariable analysis, to inden-
tify predictors for developing late haemorrhage, PF, HJ leakage, pancreatic adenocarcinoma, 
AJCC stage and ASA classification were included. PF was the most relevant independent pre-
dictors for developing late haemorrhage after adjustment, OR 10.2. Mortality was 13% (6/47) 
in patients with late haemorrhage vs. 1.5% in all patients without late haemorrhage.

Of the 47 patients with late haemorrhage, 27 did not undergo an emergency intervention. 
Eight of these 27 patients underwent elective surgical or radiological intervention and 18 
patients were observed. One patients died before any intervention could be performed, 2 
patients died due to other surgical complications, not associated with late haemorrhage. 20 
patients had a grade C type bleeding requiring emergency intervention. The treatment of all 
47 patients is displayed in Figure 2. Patient characteristics did not differ between patient with 
or without the need for emergency intervention. However, when analyzing the differences in 
management during the study period, an increase of radiological intervention was noticed. 
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Eighty-eight percent of the radiological emergency interventions were performed after the 
year 2000.  

Patients 
without 

postoperative 
late 

haemorrhage               
N = 988 
(95.5%)

Patients with 
postoperative 

late 
haemorrhage
N = 47 (4.5%)

Univa-
riable 

analysis
P-value

Multivariable
analysis

Odds ratio, OR 
(CI)

Type of operation, n (%)
Pylorus preserving
Classic Whipple-Kausch

855 (87)
133 (14)

42 (89) 
5 (11)

0.58 NIA

Diagnosis at pathology after 
pancreatoduodenectomy, n (%)

Pancreatic adenocarcinoma
Distal common bile duct adenocarcinoma
Ampullary adenocarcinoma
Duodenal adenocarcinoma   
Other (pre)malignant
Chronic pancreatitis
Benign

350 (35) 
143 (15)                                 
212 (22)                       

27 (3)                            
124 (13)

83 (8)
49 (5)

7 (15) 
9 (19)                      

11 (23)                      
1 (2)                                

8 (17)
6 (13)
5 (11)

0.004                                    
0.38                          
0.75                                   
0.8                               

0.37
0.3

0.09

OR 0.8 (0.3-2.06)
NIA            
NIA                               
NIA                               
NIA
NIA
NIA

AJCC staging*, n (%)
I - IIA
IIB - IV

277 (38)
452 (62)

17 (61)
11 (39)

0.016 OR 0.5 (0.23- 1.25)

Tumor size, mean (±SD) 2.8 (1.6) 2.8 (2.4) 1.0 NIA

Postoperative complications, n (%)
Pancreatic fistula
Hepaticojejunostomy leakage
GJ or DJ leakage 
Primary abces, without anastomotic 
leakage

127 (13)
31 (3)                            
17 (2)
38 (4)

29 (62)
8 (17)                         

-
2 (4)

<0.001
<0.001                            
d0.37
0.89

OR 10.2 (4.37-23.71
OR 3.3 (0.75-14.38)                            

NIA
NIA

Hospital stay, days (median; IQR) 14 (10-21) 25 (15-40) <0.001 NIA

In hospital mortality, n (%) 15 (1.5) 6 (13) <0.001 NIA

*given for all adenocarcinoma, data was missing in 3 patients SD=standard deviation, NIA=not in analysis, IQR=interquartile 
range, CI=confidence interval Univariable analysis was performed using chi-square test. Student T-test or Mann-Whitney U test, 
Multivariable analysis was performed using Binary logistic regression analysis *Corrected for potential confounding factors mean 
age and ASA classification

Table 2.  Postoperative outcome of patients with and without late 

haemorrhage after pancreatoduodenectomy due to a periampullary tumor, with logistic regression analysis.
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Figure 2. Surgical treatment after primary emergency

 radiological intervention failed.PF=pancreatic fistula, 

PJ=pancreaticojejunostomy
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Postoperative characteristics and complications are depicted in table 3. Univariable analysis 
showed that extraluminal origin of the bleeding, sentinel bleed and postoperative PF were 
risk factors for the need for emergency intervention. In 17 out of the 23 patients the source 
of the extraluminal haemorrhage was the hepatic or gastroduodenal artery. There were no 
difference in the occurrence of pancreatic fistula grade B and C between patients with or with-
out emergency interventions (P = 0.41). However in multivariable analysis only extraluminal 
location and sentinel bleed were independent predictors, OR 5.6 and OR 6.6 respectively. Sen-
tinel bleeds were managed conservatively; angiography and endoscopy were performed in all 
but one patient. Two patients with a sentinel bleed without bleeding focus on CT angiogram, 
developed late haemorrhage requiring an emergency intervention. 

Patients with 
late haemorr-
hage without 

emergency 
intervention                           

N=27

Patients with 
late haemor-
rhage with 
emergency 

intervention
N=20

Univa-
riable 

analysis
P-value

Multivariable
analysis

Odds ratio, OR 
(CI)

Location, n (%)
Intraluminal
Extraluminal

20 (69)*
6 (23)*

3 (15)
17 (85)

<0.001 OR 5.6 (1.1-29.7)

Sentinel bleed, n (%) 8 (30) 13 (65) 0.009 OR 6.6 (1.1-38.7)

Time interval between index operation 
and late haemorrhage, days (IQR) 14 (7-22) 15 (9-28)

Other complications, n (%)
Pancreatic fistula 

Grade B
Grade C

Hepaticojejunostomy leakage
Gastroenterostomy leakage 
Intra-abdominal abscess 
(primary)   

11 (41)
4 (36)
7 (64)
4 (15)                                

-
1 (4) 

18 (90)
4 (22)

14 (78)
5 (25)                          

-
1 (5)

0.001

0.38                           
-                   

0.83

OR 6.4 (0.9-45.9)

NIA               
NIA               
NIA

Time interval between index operation 
and pancreatic fistula, days (IQR) $ 9 (3-13) 5 (3-7) 0.19 NIA

Time interval between pancreatic fistula 
and late haemorrhage, days (IQR)$ 11 (2-39) 10 (2-22) 0.7 NIA

Hospital stay, days (median; IQR) 23 (15-36) 33 (13-43) 0.57 NIA

In hospital mortality, n (%) 3 (11) 3 (15) 0.69 NIA

P values were calculated using chi-square test, Student T-test or Mann-Whitney U test, NIA=not in analysis, CI=confidence in-
terval, IQR= interquartile range, *Data missing from 1 patient, no bleeding focus found in 1 patient, $ Only analyzed in patients 
with pancreatic fistula

Table 3. Postoperative characteristics and complications of patients with late haemorrhage after pancreatoduodenectomy due to a 

periampullary tumor with and without the need for an emergency intervention.
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Additional contributing factors which could be associated with patients with late haemor-
rhage and the need for an emergency intervention were analyzed and depicted in table 4. 
After univariable analysis no additional factors were associated with emergency intervention. 
In the group of patients with an emergency intervention, univariable analysis was performed 
to find predictors to determine which type of emergency intervention, SI or RI, the patient 
should initially require. Extraluminal location, sentinel bleed and pancreatic fistula were 
used, but no significant difference was found. Four out of 20 patients (20%) who underwent 
emergency intervention were initially treated by surgical intervention (SI). One patient devel-
oped a cardiac arrest, requiring immediate intervention on the intensive care unit. The other 3 
patients were operated at night, whereas RI was not available. Of those 4 patients, two patients 
were treated successfully, while SI failed in the other two patients due to massive bleeding 
causing death. The remaining 16 patients (80%) were initially treated with radiological in-
tervention (RI), of whom 10 patients were treated successfully (63%) by coil embolization 
or stent graft placement (Figures 3a-b and 4a-b) although 1 patient died due to pulmonary 
aspiration immediately after successful coil embolization.

RI failed in 6 patients (38%): in 2 patients angiography did not show arterial bleeding and 
embolization was not performed. In 3 patients coil embolization was technically not possible 
due to the location of the blush and 1 patient suffered from massive re-bleeding after repeated 
placement of a stent graft. All six patients were hemodynamically unstable and resuscitation 
and relaparotomy were required after failed RI. In all 6 patients are described in whom RI 
failed, subsequently leading to an emergency relaparotomy. In 5 out of 6 patients the bleeding 
was controlled by suturing the bleeding focus and the pancreaticojejunostomy (PJ) was bro-
ken down. Salvage and total pancreatectomy was performed in 3 patients.

6
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Patients with 
late haemorr-
hage without 
emergency 
intervention                           
N=27

Patients with 
late haemor-
rhage with 
emergency 
intervention
N=20

p value

Possible contributing factors before index operation

Clotting disorder - - NIA

Use of anticoagulant, n (%) 5 (19) 3 (15) 0.45

Stenosis celiac trunk, n (%) 3 (11) - 0.13

Pancreatitis, n (%) 4 (15) - 0.07

Cholangitis, n (%) - 2 (10) 0.1

Jaundice, n (%) 17 (63) 15 (75) 0.48

Increased pancreatic duct diameter, > 3mm 8 (30) 4 (20) 0.34

Possible contributing factors prior to the occurrence of late haemorrhage 

Trombopenia, n (%) 3 (11) 1 (5) 0.41

Liver enzymes disorders, n (%) 10 (37) 6 (30) 0.57

Prolonged APTT/PT, n (%) 12 (44) 14 (70) 0.3

Diagnosis after pancreatoduodenectomy, n (%)
Pancreatic adenocarcinoma
Distal common bile duct adenocarcinoma 
Ampullary adenocarcinoma
Duodenal carcinoma
Other (pre)malignant
Chronic pancreatitis
Other benign

2 (7)
6 (22)
6 (22)
1 (4)
6 (22)
4 (15)
2 (7)

5 (25)
4 (20)
5 (25)
-
1 (5)
2 (10)
3 (15)

0.09
0.85 
0.82
0.38
0.1
0.63
0.4

Perioperative bypass, n (%)
Venous
Arterial

-
2 (7)

1 (5)
-

0.22
0.24

Perioperative placement of drain, n (%) 27 (100) 18 (90) 0.23

Abscess drainage by means of extra drain placement, n (%) 8 (30) 5 (25) 0.73

P values were calculated using chi-square test

Table 4. Possible additional contributing factors which could be associated 

with patients with late haemorrhage and the need for an emergency intervention
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Figure 3a. Angiography of the arteria hepatica 

reveales a pseudoaneurysm. 

   

Figure 4a. Angiography reveals an aberrant arteria hepatica 

communis (AHC) originating from the arteria mesenterica 

superior (AMS) and a pseudoaneurysm of the gastroduo-

denal artery.

Figure 3b. Radiological management by communis means 

of coil embolization of the pseudoaneurysm of the arteria 

hepatica communis.

Figure 4b. Placement of a covered stent in the arteria 

hepatica communis to manage the pseudoaneurysm of the 

gastroduodenal artery. 

6
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DISCUSSION

The present study showed that the rate of late haemorrhage after pancreatoduodenectomy was 
low, 4.5%. PF was an independent predictor for developing late haemorrhage in patients un-
dergoing pancreatoduodenectomy for periampullary tumors, OR 10.2. In univariable analysis 
to identify patients with late haemorrhage who were in need of emergency intervention, PF, 
extraluminal location of the bleed and sentinel bleed were associated with emergency inter-
vention. The grading of the pancreatic fistula did not appear to be related to an emergency 
setting. However, due to the limited number of patients this association may not be revealed.  
For patients with late haemorrhage the need for emergency intervention was independently 
correlated with the occurrence of a sentinel bleed (OR 6.6) and extraluminal location of the 
bleeding (OR 5.6). 

Although the incidence of late haemorrhage in our institution did not change during the past 
20 years, a clear shift towards the use of radiological intervention for its management was 
seen. However, the type of emergency intervention for late haemorrhage was unpredictable 
and therefore a pre-selection of which intervention a patient should receive, could not be 
made. Several other authors of studies concerning late haemorrhage have also concluded this 
20,31,32. Small series, selection bias and the inability to predict which strategy is most suitable 
for individual patients makes it difficult to formulate firm recommendations. However, most 
studies carefully suggest radiological intervention is the first choice in the management of 
late haemorrhage 20,31–35. Therefore, after critical evaluation of our data and the literature, we 
recommend performing radiological intervention in patients with late haemorrhage in need 
of emergency intervention if possible. Unless the patient cannot be resuscitated and fast dete-
rioration of the patient requires immediate intervention on the spot or when RI is logistically 
not possible. A diagnostic CT-angiogram is recommended if the patients can be resuscitated 
adequately. 

Mortality in patients with late haemorrhage was high, i.e. 13%. In our study three patients 
died without the possibility of initiating an emergency intervention. Of the remaining three 
patients who did receive emergency intervention, two patients died due to persistent hemo-
dynamic instability during emergency surgery. The last patient, despite successful emboliza-
tion, died due to haematemesis with massive aspiration. This illustrates that late haemorrhage 
is extremely difficult to manage; patients deteriorate rapidly which makes it an onerous task 
to prepare patients for emergency intervention 5.
 
Sentinel bleed is one of the important predictors for the need of emergency intervention, this 
is in accordance to previously published studies 18,19,36. Unfortunately, sentinel bleed is an un-
derestimated sign and therefore the physician is in these situations not attentive to the risk of 
late haemorrhage 36. A limitation in this study can be that sentinel bleeds were missed or not 
recognized and were considered as very limited late bleeding. Nevertheless, when a sentinel 
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6

bleed occurs, surgeons should be cautious since it is an urgent predictor of late haemorrhage 
and the imminent need for emergency diagnostic work-up and intervention. The extralumi-
nal location of the bleeding was also found as an independent predictor of emergency inter-
vention. Extraluminal haemorrhages are often bleedings from arterial vessels which can be 
very severe making subsequent emergency intervention inevitable. 

In 80% of the patients in our emergency intervention group the primary choice of interven-
tion was radiological and 20% was surgical. This is in line with guidelines on management 
of late haemorrhage 9,37. The 38% of patients in which radiological intervention failed, im-
mediate surgical intervention was undertaken. Consequences of these relaparotomies were 
tremendous, requiring break down of the existing anastomosis and salvage total pancreatec-
tomy in most cases. When radiological intervention fails a substantial operation awaits these 
already fragile patients. Adequate and immediate measures to switch treatment to surgery are 
highly desirable in these cases. 

Limitations 
When performing the multivariable analysis we could only adjust for ASA score when we 
analyzed predictive factors for late haemorrhage. No adjustment for confounding factors was 
performed when analyzing predictive factors for the need of an emergency intervention. This 
was not possible due to the limited number of events 38. The texture of the pancreas was not 
included as a possible contributing factor since it was not routinely reported in the opera-
tive reports. We should also note that the type of bleeding, intraluminal or extraluminal is 
different in their nature and treatment, however only 15% of patients who underwent an 
emergency intervention suffered from an intraluminal bleed. Nevertheless this and patient 
characteristics could have biased the choice for either surgical or radiological emergency in-
tervention, although no predictors were found for which type of emergency intervention one 
should initially perform. Furthermore, endoscopy was excluded as a form of emergency man-
agement. In this study endoscopy was only used as a diagnostic tool in suspected intraluminal 
haemorrhage. The effect on endoscopic accessibility has little impact on the outcome of late 
haemorrhage39.

Future directives
The type of emergency intervention patients with late haemorrhage should receive is unpre-
dictable. In general late haemorrhage should preferably be treated by the interventional ra-
diologist however when radiological intervention fails, patients are designated to undergo 
surgery especially in hemodynamic instable patients. To avoid transportation in which the 
medical team is not able to immediately resuscitate the patient in case of an emergency and 
to have a fully equipped intervention team available prepared for both radiological interven-
tion or surgical intervention, performing both interventions in close relation is desirable. A 
possible option is the use of a hybrid operation room. In a hybrid room both angiographic 
intervention and surgical opportunities are integrated in an operating room. This is already 
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used routinely in vascular and cardio thoracic surgery and should be expand to upper gastro-
intestinal surgery 40,41.
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ABSTRACT

Purpose: Patients with non-functioning pancreatic neuroendocrine tumors (NF-pNET) are 
staged with both computed tomography-scan (CT-scan) and somatostatin receptor scintigra-
phy (SRS). Aim was to determine the additional value of the SRS during pre-operative staging 
as second test after CT-scan.  

Methods: All SRSs made between 2002-2013 were selected. Patients with NF-pNET were 
included if both CT-scan/SRS were performed during pre-operative staging. Diagnostic ac-
curacy of CT-scan and SRS were analyzed for both detection of the primary NF-pNET as well 
as metastases. Altered TNM classification and changed clinical management were calculated. 
Changed management was defined as a change from surgical resection into palliative treat-
ment or vice versa.

Results: Overall, 62 patients with NF-pNET were included with a mean age of 57yr. Sensitiv-
ity to detect the primary tumor with CT-scan or SRS were resp. 95 and 73%. Sensitivity and 
specificity for CT-scan and SRS in detection of metastases were resp. 85%-80% and 85%-90%. 
In 28 patients (45%), the outcome of both CT-scan and SRS was comparable. In 34 patients 
(55%) the outcome was not comparable between CT-scan and SRS. TNM classification altered 
in 14 patients (23%) after SRS and management changed in 9 patients (15%) after SRS. In pa-
tients without metastases on CT scan, SRS detected lymph node metastases in one patient.

Conclusion: In patients with NF-pNET without suspicious metastatic lesions on CT scan, 
the SRS has limited value.  Additional SRS is indicated to detect the primary tumor, confirm 
suspicious lesions for NET-metastases or to image the extent of the disease in already proven 
metastatic patients.
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INTRODUCTION

During pre-operative staging in non-functioning pancreatic neuroendocrine tumors (NF-
pNET), often both standard abdominal imaging as well as nuclear imaging is performed. Al-
most 1-2% of all pancreatic malignancies appear to have pNET. Some NF-pNET are detected 
incidentally due to routine screening for other disease or in patients with atypical abdominal 
pain 1,2. In the diagnostic algorithm of the European Neuroendocrine Tumor Society (EN-
ETS), a somatostatin receptor scintigraphy (SRS) has been advised after computed tomogra-
phy (CT scan) or magnetic resonance imaging (MRI)1. However, given the high diagnostic 
accuracy of the CT and MRI, the additional value of SRS may be debatable in patients with 
resectable disease on CT/MRI during preoperative staging. 

During pre-operative staging, a CT scan is performed for several reasons; first to diagnose 
and locate the primary lesion in the pancreas, second to find distant metastases in the abdo-
men and third to assess resectability of the tumor.  The CT scan has a sensitivity and specific-
ity of resp. 73% and 96% for diagnosing pNET and a sensitivity and specificity of resp. 82% 
and 92% for detecting liver metastases3.
 
Compared to pancreatic adenocarcinoma, NF-pNET has a high incidence and density of so-
matostatin receptors on their tumor surface and these receptors can be made visible by a SRS. 
A radiolabeled peptide binds with varying affinity to these receptors 4. In patients with NF-
pNET, the SRS is used for detection and localization of the primary lesion and possible metas-
tases.  Furthermore, the SRS is used for staging, follow-up and for the selection of metastatic 
patients for peptide receptor radionuclide therapy (PRRT) 4. The  combination of SRS and 
conventional CT scan attained the highest diagnostic accuracy56. However, the time burden 
in hospital for SRS is considerable for patients since SRS is made 24 and 48h after injection of 
the radiopharmaceutical and patients therefore have to make multiple visits to the hospital 7. 

The aim of this study was to investigate whether all patients with NF-pNET benefit from a 
routine additional SRS in the pre-operative staging after initial imaging with CT. Benefit is 
defined as a changed management due to the SRS. 
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METHODS

Patient selection 
SRS from the period between January 2002 and July 2013 made in the Academic Medical 
Center of Amsterdam (AMC) were selected. All included patients have been presented to our 
hospital for preoperative staging without any NET related treatment procedures before. 
The inclusion criteria were
• Definitive diagnosis of non-functioning pancreatic neuroendocrine tumors
• Radiologic imaging is made during pre-operative staging
• Radiologic imaging included both CT-scan and SRS
Functional pNET were excluded from the analysis because staging of functional pNET differs 
from staging of non-functioning pNET4. Diameter of the NF-pNET was measured on radi-
ologic imaging on CT-scan. If the CT scan was negative for the primary tumor, the tumor 
diameter of the endoscopic ultrasound was used. If the primary tumor was not visible on 
radiologic imaging, tumor size was measured in the resected specimen. 

CT abdomen
In all patients a spiral CT abdomen was performed according to standard guidelines for pNET 
and assessed or revised by an experienced abdominal radiologist at the AMC 8. A Philips Bril-
liance 64 CT scan was made during inspiration position, with IV-contrast, 130ml Ultravist 
300, 3,5 ml/sec, 64 slices and reconstructed with an imaging thickness of 2mm and 3mm.  

Somatostatin receptor scintigraphy
All SRS’s were performed in the AMC and analyzed by an experienced nuclear medicine 
physician. In this study, the In-111-(DTPA-Phe) Octreotide (Octreoscan) was used in com-
bination with whole body scintigraphy and whole body single-photon emission computed 
tomography (SPECT). The patients were injected with a median dose of 200MBq In-111-
(DTPA-Phe) Octreotide. After injection of the radiopharmaceutical, the first whole body SRS 
was performed after 24 hours and, if necessary due to mimic pathological uptake in the gut, 
repeated after 48 hours, using a gamma camera (Siemens Symbia-T16), 1024 x 256 matrix, 
10cm/min. Medium-energy all-purpose collimators were used with 20% energy peaks of 171-
245 keV. SPECT (128x128 matrix, 30 frames, 40 seconds per frame) was performed with low-
dose CT for attenuation correction and anatomical correlation. 

Diagnostic accuracy
The gold standard to prove the primary tumor or metastasis was by biopsy/resection or long-
term follow-up. First outcome was the detection of the primary NF-pNET and the second 
outcome was the detection of metastases. Specificity measured the proportion of patients 
without pNET but all the included patients are diagnosed with pNET. Therefore, in the detec-
tion of the primary tumor, only the sensitivity could be calculated. The diagnostic accuracy of 
CT-scan and SRS for detection of the primary tumor or metastases was separately compared 
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with the gold standard. CT scan was scored as positive if a pancreatic lesion was visible in at 
least one phase or if suspicious metastatic lesions were seen in which additional imaging or 
biopsy was required. SRS was scored as positive if there was pathological uptake was seen in 
the pancreas or in other suspicious lesions outside the pancreas. The European Neuroendo-
crine Tumor Society (ENETS) TNM classification was used9. A distinction was made between 
an altered TNM classification and a changed clinical management. In patients with an altered 
TNM classification, the T, N or M stage was altered due to additional finding or suspicious 
lesions were not confirmed on SRS. The definition for a changed clinical management for 
patients was a change from surgical resection into palliative treatment or vice versa.  

Statistical Analysis
IBM SPSS Statistics, version 20.0. (IBM Corp., Armonk, NY, United States) was used for sta-
tistical analysis. Continuous data were presented, dependent on their distribution, as mean 
and standard deviation (SD) or as median and range. Categorical data are presented as the 
absolute number and percentage. Data were analyzed according the chi-square test or student 
T-test, based on the different outcome variables. A P value of < 0.05 was considered to be sta-
tistically significant. The study has been approved by the Medical Ethics Review Committee.  

RESULTS

A total of 741 patients who underwent SRS were analyzed.  Only patients with pNET were 
selected and therefore 669 patients were excluded. In addition, 10 patients were excluded, 4 
patients because radiological imaging was incomplete and 6 patients because of a functioning 
pNET. Finally, 62 patients were included in the study.  Fifty eight CT scans (94%) were made 
or re-evaluated by an experienced abdomen radiologist in the medical center. The remaining 
4 CT scans (6%) were performed in another hospital and only the CT report was available. 
The number of included patients was equally divided during the study period.

Number of patients, n 62

Age, mean (SD)1 56.9 (12.4)

Male, n (%) 37 (60)

Tumor size in mm, median (range) 28 (5-180)

Final diagnosis, n (%)
Resectable disease
Resectable disease but conservative treated 
Locally unresectable without metastases 
Metastatic disease

38 (61)
7 (11)
5 (8)

12 (20)

Tumor grading of resected patients2

Grade 1
Grade 2
Grade 3

19 (54)
14 (40)

2 (6)

1 Standard deviation, 2 Tumor grading was missing in 3 patients.

Table 1. Baseline characteristics of patients with non-functioning pancreatic neuroendocrine tumor
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Final diagnosis
In 53 patients (85%), the diagnosis of the primary tumor was confirmed by biopsy or pa-
thology result of the resected specimen. The other 9 patients had their diagnosis based on 
radiological imaging and long-term follow-up, with a median follow-up of 34 months (IQR: 
24-50). Metastatic disease was proven with histological or cytological biopsy in 71% of the 
patients. In 29% metastatic disease was proven by repeated visualization and increase in size 
and number of metastatic lesions on radiological imaging during long-term follow-up. The 
baseline characteristics of the included patients were listed in table 1. All patients (n=38) with 
resectable disease were treated by surgery. Reasons for a conservative treatment were either 
a small NF-pNET with a median tumor size of 13 mm (range: 8-20mm) in 5 patients or high 
co-morbidity in 2 patients.

Detection of primary tumor at diagnosis
The primary tumor could be detected by CT scan in all tumors except one. In comparison, 
SRS did not detect the primary tumor in 17 patients (27%). The sensitivity of CT-scan and 
SRS were respectively 95% and 73% for detection of the primary tumor. Not detected NF-
pNET on SRS were significant smaller (median size of 23 mm; IQR 9-30) compared with the 
detected NF-pNET (median size 36 mm; IQR 22-60) P< 0.01. 

Diagnostic accuracy of the detection of metastatic disease 
In total, 13 patients had metastases, 12 patients had metastatic disease (M1) and 1 patient had 
a metastatic lymph node (N1). Of these 13 patients, 11 patients were detected on CT scan and 
11 patients were detected on SRS. In 1 patient, metastatic disease was missed on both CT and 
SRS. In 1 patient (2%), a metastatic lymph node was missed by CT scan but detected by SRS 
and this metastatic lymph node was located in the resected specimen.  

The CT scan was true positive in 11 patients, true negative in 39 patients, false positive in 10 
patients and false negative in 2 patients. In the patients with a false negative test result, a liver 
metastases (M1) was missed in one patient and the second patient had a missed metastatic 
lymph node in the resected specimen. False positive (suspicious) lesions were observed in 
the liver (n=6), lymph nodes (n=2), adrenal (n=1) and peritoneal lesions (n=1). The SRS 
was true positive in 11 patients, true negative in 44 patients, false positive in 5 patients and 
false negative in 2 patients. In the 2 patients with a false negative SRS, lesions were missed 
in the appendix (n=1) and liver (n=1) and in the 5 patients with a false positive SRS, lesions 
were observed in the liver (n=2), lung (n=1), adrenal (n=1) and supraclavicular lymph node 
(n=1). The diagnostic accuracy of detection of metastatic disease for the two different imaging 
modalities is listed in table 2. The positive predictive value of both imaging modalities was 
moderate due to the patients with a false positive scan. In these patients, additional imaging 
was required. The negative predictive value was high for both modalities. 
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Sensitivity
metastases

Specificity
metastases

Positive predictive 
value metastases

Negative predictive 
value metastases

CT scan 85% 80% 52% 95%

SRS1 85% 90% 69% 96%

1 Somatostatin Receptor Scintigraphy

Table 2. Diagnostic accuracy of the detection of metastatic lesions during pre-operative staging

Additional value of the SRS after CT scan  
In the detection of both primary tumor as metastases, CT scan and SRS were both true posi-
tive in 28 patients (45%). Of these 28 patients, 24 patients (39%) were diagnosed with only a 
primary NF-pNET and 4 patients (7%) had metastatic disease. In 34 patients (55%), the out-
come between the CT scan and SRS was not comparable, see table 3. In 20 patients (32%), SRS 
was incorrect, mostly because SRS was false negative in the detection of the primary tumor in 
17 patients. In the other 3 patients, SRS was false negative in 1 patient with metastatic disease 
and false positive in 2 patients.

In 14 patients (23%), the TNM has been altered by the SRS and in 9 patients (15%) clinical 
management changed after SRS, see table 3. In 1 patient (7%), the T classification changed 
from Tx to T2. On the CT scan, a dubious lesion was seen in the pancreatic head, but SRS 
showed pathological uptake in the pancreas. In 1 patient (7%), the N classification changed 
from N0 to N1. However, the treatment did not change since the extra lymph node was lo-
cated in the resected specimen. In 9 patients (64%) the M classification changed from Mx to 
M0. All these 9 patients had lesions in the liver on CT scan, suspected for NET metastases, 
cyst, haemangioma or another differential diagnosis. The lesions were not confirmed as NET 
metastases on the SRS and therefore in these 9 patients (15%), management changed from po-
tential palliative to curative surgical resection (Mx to M0). In 3 patients (21%), the M classifi-
cation changed from M1 to M1+. Instead of single liver metastases, multiple bone metastases 
(n=1), lung metastases (n=1) and extended lymph node metastases in the mesentery (n=1) 
were detected. These extra findings resulted in a modified palliative treatment.  
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Additional Value SRS

Incorrect outcome SRS1 N = 20 Correct outcome SRS N = 14 Changed 
management

False positive 
Incorrect uptake in non-metastatic lesions 2 (10)

True positive 
Detection primary tumor (Tx to T1)2 
Detection NET lymph node (N0 to N1)
Detection extensive metastatic disease (M1 to M1+)3

1 (7)
1 (7)

3 (21)

No 
No 
No

False negative 
Missed primary tumor (T stage) 
Missed metastatic disease (M stage)

17 (85)
1 (5)

True Negative 
Suspicious metastatic lesions not confirmed (Mx to M0)4 9 (64) Yes

1 SRS: somatostatin Receptor Scan; 2 Tx: dubious primary tumor on CT scan;
3 M1+: extended metastatic disease; 4 Mx: dubious metastasic lesions on CT scan

Table 3. Patients with a different outcome between CT scan and Somatostatin Receptor Scan

DISCUSSION

This study focused on the pre-operative staging in NF-pNET patients. CT scan is a reliable 
choice in detection of the primary tumor in patients with a NF-pNET with a sensitivity of 
95%. The sensitivity of SRS in detection of the primary NF-pNET was 73% and the accuracy 
decreased in small tumors. In 23% of the patients, TNM classification has been altered after 
SRS due to additional findings or because suspicious lesions were not confirmed and in 15% 
of the patients management changed after SRS. 

In our study, 45% of all the patients had comparable results on both CT scan and SRS. In 
these patients, SRS had no additional value. In patients without distant metastases (M0) on 
CT scan, no additional distant metastases were detected with SRS. In one patient, an extra 
lymph node was found, but this malignant lymph node was located in the resection specimen 
and therefore did not affect the therapeutic plan. Based on the results of this study, SRS may 
be omitted in patients with a primary NF-pNET without distant metastases on CT scan. The 
contribution of the SRS in these patients was minimal while the time burden was substantial 
and additional costs were made due to the extra scans and hospital visits.  

In 23% of all the patients, SRS had an additional value after a CT scan. This is coherent with 
the literature, which described a changed  TNM classification of 14- 47% 7,10,11. In patients with 
suspicious metastatic lesions suspicious on the CT scan, SRS did not confirm these lesions. 
In these patients (15%), management changed from potential palliative to curative surgical 
resection (Mx to M0) by the additional SRS. Additional investigation was necessary in these 
patients and SRS was a good choice since SRS was truly negative in almost all these patients.  
Moreover, if  suspicious metastatic lesions were octreotide positive, this may have conse-
quences for adjuvant  or palliative treatment such as peptide receptor radionuclide therapy 10.  
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Additional Value SRS

Incorrect outcome SRS1 N = 20 Correct outcome SRS N = 14 Changed 
management

False positive 
Incorrect uptake in non-metastatic lesions 2 (10)

True positive 
Detection primary tumor (Tx to T1)2 
Detection NET lymph node (N0 to N1)
Detection extensive metastatic disease (M1 to M1+)3

1 (7)
1 (7)

3 (21)

No 
No 
No

False negative 
Missed primary tumor (T stage) 
Missed metastatic disease (M stage)

17 (85)
1 (5)

True Negative 
Suspicious metastatic lesions not confirmed (Mx to M0)4 9 (64) Yes

1 SRS: somatostatin Receptor Scan; 2 Tx: dubious primary tumor on CT scan;
3 M1+: extended metastatic disease; 4 Mx: dubious metastasic lesions on CT scan

Table 3. Patients with a different outcome between CT scan and Somatostatin Receptor Scan

In our study, sensitivity and specificity for the detection of metastases on CT scan were resp. 
85% and 80%. These results were comparable with the sensitivity and specificity in the liter-
ature, respectively 66-100% and 80-98% 12–14. A strength of this study is the strict inclusion 
criteria, only non-functional pNET were included. Other studies included different origins of 
neuroendocrine tumors, both functional and non-functional pNET and/or the numbers of 
included NF-pNET was often limited. 

Besides Octreoscan, the gallium-68 labelled somatostatin analogues (ex.DO-
TA-d-Phe1-Tyr3-octreotide (DOTATOC)) positron emission tomography (68Ga PET) scan 
can be used during the pre-operative staging1. This relatively new technology has several ad-
vantages compared to Octreoscan. First, the 68Galium labelled ligand showed a higher affinity 
for the somatostatin receptor, resulting in a higher tumor uptake15. Secondly, the 68Ga-DO-
TATOC PET can be performed on the same day as the tracer injection. Finally, the 68Ga-DO-
TATOC PET is better in the detection of small NET lesions16,17 with a sensitivity between the 
81-97% and a specificity between 90-100%8,18–22. Consequently,  the 68Ga-DOTATOC PET 
seems more promising than the Octreoscan19.  Downside of this new technique may be the 
false positive rates of lesions in the pancreatic head area. The additional value of the 68Ga-DO-
TATOC PET in staging non-metastatic NF-pNET is unclear and its effectiveness has to be 
demonstrated. Furthermore, the suggested diagnostic algorithm of the ENETS, the hepato-
cyte-specific MRI is also indicated in the detection of suspected lesions1,23. For the future, it 
is interesting which modality has the most additional value in non-metastatic NF-pNET, the 
68Ga-DOTATOC PET or the hepatocyte-specific MRI during preoperative staging. 
A limitation of this study is its retrospective origin. In 6% of the included patients only had a 
CT report available. Furthermore, not all the CT scans were made in our center and during 
the 11 year study period, different types of CT scans have been used. CT scan characteristics 
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such as thickness of the slices or type of IV contrast may not be performed according to our 
standard pancreas protocol and this protocol changed over the years. However, in daily prac-
tice, the CT scan will not be remade if the CT scan is recent and of sufficient quality. Also 
the quality of the CT scan has become better during the study period. In addition, this study 
introduced a selection bias by selecting all patients with a CT scan and SRS, the diagnostic ac-
curacy of the CT scan for the primary tumor was skewed. In general, patients will more often 
undergo SRS if a (dubious) lesion was seen on the CT scan. This results in a high sensitivity 
in the detection of the primary tumor on CT scan.  It was beyond this study to investigate the 
role of the SRS during follow-up or in palliative setting the patient selection for PRRT. 

In conclusion
Optimal radiological imaging sequence of pre-operative staging for NF-pNET consists of a 
CT scan, followed by SRS in case of suspicious liver lesions detected on this initial CT scan. 
Patients without suspicious metastatic lesions on CT scan, may not benefit from a routine 
additional SRS. Our proposal would be to adjust the ENETS algorithm and include SRS se-
lectively and not as a standard after CT scan (figure 1). In patients with suspicious metastatic 
lesions, additional imaging with SRS is still required, wherein the available modality and ex-
perience with this modality will also be important. 

Ethical Statement 
The authors declare that they have no conflict of interest. Sources of financial support: fund-
ing PhD candidate by Ipsen. The study was performed according the ethical standards of the 
institutional and national research committee and with the 1964 Helsinki declaration and its 
comparable ethical standards. For this type of study formal consent is not required. 

CHAPTER 7



153

Figure 1. Suggested algorithm of the pre-operative staging in patients with a non-functional pancreatic neuroendocrine tumor.

EUS (± EUS-FNAC/B)

SRS or 68Ga PET

US endoscopy/hepatocyte-
specific MRI

Abdominal US

Abdominal CT/MRI

Resectable disease

Surgery ± IOUS

Follow-up: CT/SRS

Unresectable disease

EUS or US-guided FNAC/B
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ABSTRACT
 
Background: Chromogranin A (CgA) is often used in metastatic patients with non-func-
tioning pancreatic neuroendocrine tumors (NF-pNET). The aim of this study is to assess the 
diagnostic accuracy of CgA in patients with low tumor burden.  

Methods: Resectable patients with NF-pNET without metastases at time of diagnosis were 
included between 2002 and 2013 in the Academic Medical Center of Amsterdam. CgA was 
determined at time of diagnosis and during follow-up according to a standardized method. 
The upper reference range was 94 µg/L. 

Results: Overall, 47 patients were included in this study. CgA was elevated preoperatively in 
only 10 patients (27%). In the detection of metastases during follow-up, the positive predic-
tive value for CgA was 50% and negative predictive value was 81%. In 50% of the patients with 
an elevated CgA during follow-up, this test result was false-positive. 

Conclusions: The diagnostic accuracy of CgA was low preoperatively in patients with resect-
able NF-pNET and low tumor burden. In the detection of recurrent disease after curative re-
section of NF-pNET, the diagnostic accuracy of CgA was moderate (50%). We conclude that 
routine measurement of CgA at time of diagnosis or during follow-up after curative resection 
had limited value in patients with resectable NF-pNET.
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INTRODUCTION

Pancreatic neuroendocrine tumors (pNET) are rare tumors which vary in symptomatology 1. 
Symptoms are mainly related to the production of specific hormones in functional pNET but 
the majority of these tumors are non-functional1,2. Non-functioning pNET (NF-pNET) can 
also have detectable hormone overproduction, such as pancreas polypeptide (PP) and Chro-
mogranin A (CgA), although these hormones are not associated with a clinical syndrome. 
CgA is produced by endocrine cells in many neuroendocrine tumors and the best known 
biochemical marker for neuroendocrine tumors 3. CgA can be used for diagnosis, during 
follow-up or to evaluate treatment response 4,5.  Both ENETS and NANETS stated that CgA 
can be used as a marker in NF-pNET2,6. Since elevated CgA levels can reflect tumor load and 
seems to be correlated with tumor progression 7,8, CgA is often used during follow-up in met-
astatic patients 9,10. CgA may be false-positively elevated in situations such as chronic atrophic 
gastritis, treatment with proton pomp inhibitors, impaired renal function or irritable bowel 
syndrome 11–15. CgA is also elevated in other neoplasms of non-endocrine origin such as pros-
tate -and thyroid cancer as well as pancreatitis 16–18. Furthermore, due to the loss of their se-
cretory capacity in poorly differentiated pNET or by the use of somatostatin analogues, levels 
of CgA can decrease to normal 6,14. 

Diagnostic accuracy of CgA has rarely been analysed specifically in the preoperative work-up 
of patients with resectable NF-pNET. These patients have a very low tumor burden compared 
to patients with metastases or irresectable large tumors and therefore CgA may be less effec-
tive in the diagnosis of the tumors and in the diagnosis of recurrence after curative resections. 
The aim of this study is to elucidate the value of CgA in a well-defined group of patients with 
resectable NF-pNET while analysing CgA for its diagnostic during work-up and during fol-
low-up and to relate our findings with the literature. 

METHODS

Patients
All patients with pNET, screened for surgery in the Academic Medical Center in the period 
from 2002 and 2013 were verified. Only NF-pNET without metastases at time of diagnosis 
and with determinate CgA were included. The Academic Medical Center is a specialized ter-
tiary hospital for pancreatic surgery and also specializes in the management of neuroendo-
crine tumors. The majority of patients were retrospectively retrieved from another examina-
tion of pathology reports of all pancreatic resections. Since 2012 the database is prospectively 
maintained. 

Preoperative diagnostic workup
Patients underwent preoperative diagnostic workup for resectability and metastases accord-
ing to the local pancreatic cancer protocol. All patients underwent a CT scan or MRI and 
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pre-operative laboratory tests. In case of preoperative suspicion for NF-pNET on radiological 
imaging, additional hormone screening was performed in the majority of the patients. MRI 
scans were performed in referring centres and in these cases, an additional CT scan has been 
performed in our centre. If the CT scan was not made in our centre, the CT scan was available 
for re-evaluation by an experienced radiologist at our centre in all patients. NF-pNET was 
proven by histopathological examination. Renal impairment is defined as glomerular filtra-
tion rate (GFR) < 60 ml/min/1.73m2 19. Tumor size was based on preoperative radiological 
imaging and described in millimetre (mm) with standard deviation (SD). Two pathologists 
revised tumor grade according current guidelines of the WHO classification of 2010.

Detection of recurrent disease
All curative resected patients were monitored at the outpatients’ clinic during follow-up for 
the detection of recurrent disease. Both CgA and CT scan were used during follow-up and 
if indicated, an additional somatostatin receptor scintigraphy was performed. Tumor staging 
was according the ENETS staging classification20. Tumor grade was defined according the 
WHO classification of 201021. In patients with elevated CgA during follow-up, imaging and 
biopsy were used to confirm recurrent disease. In patients with a false-positive test result, 
CgA was elevated without evidence of recurrent disease on radiological imaging. CgA moni-
toring was continued during the follow-up period to evaluate if false-positive test results were 
justified given.  In addition to imaging and biopsy, long-term follow-up was used to exclude 
recurrent disease.  

Reference laboratory assay
CgA was measured on the BRAHMS Kryptor Compact of Thermo Scientific. This assay 
shows a good correlation with the immunoradiometric assay of CisBio22. Nevertheless, to 
check the upper reference range (94 µg/L) as stated by BRAHMS, an extra validation was 
performed in our hospital by analysing samples of 25 fasted healthy volunteers and the results 
were in agreement with this concentration. During the preoperative diagnostic workup, CgA 
was considered as elevated if higher than the reference range.

Literature search 
A literature search for the diagnostic accuracy of CgA in patients with pNET is performed in 
MEDLINE and EMBASE with the query terms “chromogranin A”, “pancreas” and “neuroen-
docrine tumor/carcinoid” or possible variants of these terms. Furthermore, the guidelines 
of both the European Neuroendocrine Tumor Society (ENETS) and the North American 
NeuroEndocrine Tumor Society (NANETS) and also the Dutch guidelines of oncologic care 
(Oncoline) were consulted for the scientific evidence with which the recommendations were 
made regarding the use of CgA as a biochemical marker in patients with pNET. 

Data analysis 
Statistical analysis was performed using IBM SPSS statistics 20. Level of CgA was described 
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with a median value and interquartile range (IQR). A false-positive test result is defined as el-
evation of CgA without metastases on radiological imaging. Radiological imaging was at least 
one time negative for metastases, but remained also negative during follow-up examinations. 
Median follow-up was described as median follow-up with IQR. A false-negative test results 
is defined as value of CgA within the normal range while there is metastatic disease. In the 
detection of the primary tumor, specificity for CgA is not considered because all the patients 
have the disease.  

RESULTS

In the pre-operative work-up, one hundred and one patients with pNET were screened for 
surgery. After screening, 22 patients were excluded because of their functional pNET, 7 pa-
tients had metastatic disease at time of diagnosis and in 25 patients the hormonal screening 
was missing. Finally, 47 NF-pNET patients without metastasis at time of diagnosis could be 
included in this study. Two patients with MEN1 syndrome were included. 

CgA in the preoperative diagnostic workup 
During the preoperative diagnostic work-up, CgA was determined in 37 patients and CgA 
was elevated in only 10/37 patients (27%) with a median level of 300 µg/L (IQR: 183 – 796 
µg/L). The finding of an elevated CgA did not lead to treatment changes in any of the patients. 
No differences were seen in patient’s characteristics between patients with or without elevated 
CgA, as depicted in table 1. No patients had impaired renal function or used somatostatin 
analogue therapy. One patient with elevated CgA was affected with the MEN1 syndrome. 

Elevated levels of 
chromogranin A

N = 10

Normal level of 
chromogranin A

N = 27
P value

Age, (SD)* 60 (12.1) 56 (11.8) 0.65

Male, n (%) 4 (40) 11 (41) 0.97

Tumor size in mm (SD) 38 (288.6) 20 (34.24) 0.08

Tumor grade 1, n (%)** 4(50) 16 (67) 0.34

Tumor location, n (%)
Head
Corpus/tail

5 (50)
5 (50)

12 (44)
15 (56)

0.76

Positive somatostatin receptor scintigraphy *** 5 (100) 14 (61) 0.09

Proton pomp inhibitor therapy, n (%) 4 (40) 8 (30) 0.55

Received treatment 
Curative resection, n (%)
Conservative follow-up, n (%)

9 (90)
1 (10)

24 (89)
3 (11)

0.92

* SD: standard deviation
** For diagnosis of the 4 conservative treated patients, a biopsy was performed. It was not possible to determine the Ki67 index/
mitotic count in these patients. 
*** In 28/37 patients a somatostatin receptor scintigraphy was performed at time of diagnosis. In 5/28 patients with elevated 
Chromogranin A and in 23/28 without elevated chromogranin A

Table 1. Characteristics of patients with or without elevated CgA at diagnosis
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Patients in 
follow-up

N = 28

Patients with 
recurrent disease

N = 9

Tumor size*
≤ 2cm
> 2cm

11 (39)
17 (61)

1 (11)
8 (89)

Type of resection
Pancreatoduodenectomy
Left pancreatectomy
Enucleation
Central pancreatectomy

10 (36)
11 (39)
4 (14)
3 (11)

2 (22)
6 (50)

--
1 (8)

Grade
G1
G2

16 (57)
12 (43)

2 (29)
7 (58)

Stage**
I
IIA
IIB
IIIB

8 (29)
3 (11)
6 (21)

11 (39)

--
1 (11)
2 (22)
6 (50)

* Based on preoperative radiological imaging 
** According ENETS staging classification

Table 2. Patients characteristics of the 28 patients during follow-up

CgA in the detection of recurrent disease during follow-up after NF-pNET resection
Median follow-up time was 36 months (IQR 16-55). During the follow-up, CgA was used in 
28 patients as a screening tool for the detection of recurrent disease after pancreatic resection. 
All these 28 patients were considered to be disease free after their curative pancreatic resec-
tion and during follow-up 9 patients developed recurrent disease. Patients characteristics are 
listed in table 2. Of the 9 patients with recurrent disease, chromogranin A was elevated in 
6/9 patients. The sensitivity and specificity for CgA in the detection of recurrent disease after 
curative pancreatic resection were 67% and 68% respectively and the positive and negative 
predictive value were 50% and 81% respectively. Recurrent disease was proven by biopsy in 
8/9 patients. In the other patient, recurrent disease was repeatedly demonstrated on CT scans 
and somatostatin receptor scintigraphy during follow-up. The tumor load of the 9 patients 
with recurrent disease was diverse, as depicted in table 3. Tumor load and elevated CgA was 
moderately correlated since the tumor load of patient 3 and 4 was relatively high and the CgA 
relatively low. 

CHAPTER 8



163

Patient Recurrent disease
Level of CgA 
by recurrent 

disease

Number of 
lesions Diameter of lesions in mm

1 Liver 39 2 26 mm and 17 mm 

2 Lymph node 40 1 24 mm

3 Liver 43 5 57 mm, 4.9, 4.1 and 2 lesions of 
38 mm

4
Liver, lymph node 

and peritoneal 
lesions

133 9

99 mm (liver) 
10 mm (lymph) 
72 mm, 49 mm, 77 mm, 86mm, 
72 mm, 86 mm and 150 mm (all 
peritoneal lesions),

5 Local recurrence 143 1 5 mm

6 Lymph nodes 184 2 10 mm and 15 mm

7 Liver 331 1 9 mm

8 Lymph nodes 461 2 27 mm and 10 mm

9 Liver and local 
recurrence 2130 6

21 mm (local recurrence)
16 mm, 15 mm, 17 mm 11 mm and 17 
mm (liver) 

Table 3. Patients with recurrent disease and the level of chromogranin and tumor load

Overall, 12 patients had elevated levels of CgA during follow-up but only 6 had recurrent dis-
ease. Therefore, the false positive value was 50 % (elevated CgA without detectable recurrent 
disease on radiological imaging). Only one of the false positive patients used proton pomp 
inhibitors. None of these 12 patients were affected with the MEN1 syndrome. The median 
follow-up of the patients with a false positive test result was 26 months (IQR 10-48). During 
this period, recurrent disease was, in all cases but one repeatedly, not demonstrated on ra-
diological imaging. There were no significant differences in the amount of elevation of CgA 
between patients with a false positive test result and a true positive test result, as displayed in 
figure 1.  In the patients with a true positive elevated CgA (with recurrent disease), the me-
dian value of CgA was 258 ng/L (IQR 141-879). In the patients with false positive elevation 
of CgA (without recurrent disease), the median value of CgA was 146 ng/L (IQR 103-672). 
In the true positive group there was one outlier with a value of 2130 ng/L. This patient had 
recurrent disease with 5 liver metastasis (patient 9 of table 3)
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Figure 1: The amount of elevation of chromogranin A in patients with true positive elevated CgA and 

false positive elevated CgA in the detection of recurrent disease.  The asterisk is the outlier patient.

Literature search on published data of diagnostic and prognostic value of CgA in pNET
More than 300 studies were screened by title and abstract on their relevance. In literature, 
most studies described the diagnostic accuracy of CgA in pNET with already recurrent or 
metastatic disease and not in patients with only primary pNET without metastases at time 
of diagnosis 23–27. Furthermore, studies have described the diagnostic accuracy of CgA in pa-
tients with gastroenteropancreatic neuroendocrine tumors, (GEP-NET) and not specifically 
for NF-pNET patients 9,28,29.  

The most important finding in these studies was that the diagnostic accuracy of CgA in pNET 
increased with more extended disease. In patients with metastatic disease the sensitivity var-
ied from 24% to 100% and the specificity from 71% to 95% 25–28,30–34. The studies were excluded 
if it was impossible to extract the exact data of the diagnostic accuracy of pNET. Finally, a total 
of 8 studies are included in the analysis of the diagnostic accuracy of CgA in patients with 
primary pNET, table 4 provided an overview of the literature. 
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Five of the 8 included studies deal with a mixed cohort of patients with both metastatic and 
non-metastatic pNET 30,31,33,35,36. Eriksson et al included only 5 patients in whom tumor stage 
was not defined 37.  Nölting et al described the diagnostic accuracy of 10 patients with pNET 
and localized disease25. De Laat et al is the only study with primary pNET, however all patients 
had MEN1 syndrome 32. Consequently, none of the studies selectively included patients with 
resectable NF pNET without metastasis such as in our study. The exact number of patients 
with resectable NF pNET was not always described and diagnostic accuracy was given for all 
pNET, both metastatic and non-metastatic pNET. Therefore, published data did not reveal the 
diagnostic accuracy for CgA in resectable non-functioning pNET at time of diagnosis.
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Study Tumor type Number of 
patients (n) Tumor stage Sensitivity* Specificity PPV/NPV

Baudin Et al,
1998(33)

All types 
NET

NF pNET*

N = 128
N = 23

21% of the total cohort (n = 128) had limited disease and 
79% had extensive disease with distant metastases. Exact 
tumor stage for pNET is not defined. 

52% n=12/23 -- --

Tomassetti  Et al, 
2001(30) NF pNET* N = 21 Of the 12 patients, 2 patients had only a primary tumor. 

The other 10 patients had liver metastasis. 24% -33%3 --
--

--
--

Eriksson Et al, 
1989 (37)

NF pNET* N = 5 Not defined 60% n = 3/5 -- --

Zatelli Et al,
2007 (31)

GEP-NET1

NF pNET*
N = 81

N = unknown 
New diagnosis, unclear with or without metastasis.
Unknown number of pNET

--
--

--
--

43% / 93%
60% / 94%

Nölting Et al, 
2012 (25) pNET** N = 10 Localized disease. Unknown if the patients had a func-

tioning or non-functioning pNET 30% n=3/10 -- --

Stridsberg  Et l, 
2003 (35)

Total NET 
pNET

N = 46
N = 16

Patients had primary tumor or metastases. Exact tumor 
stage for pNET is not defined. Unknown if the patients 
had a functioning or non-functioning pNET

69% - 88%4 --
--

--
--

De Laat Et al, 
2013 (32)

MEN 1 
pNET2

N = 81 Primary pNET  with MEN1 syndrome 33% 73% --

Paik Et al, 
2013 (36)

pNET** N = 26 6/26 patients had metastatic lesions. In total, 3 function-
ing pNET are included, unknown if these 3 patients had 
metastatic disease.

77% 56% 71% / 63%

Jilesen  Et al, 
2014, 
present study

NF pNET N = 47 N = 37 patients with primary tumor without metastasis 
prior to their pancreatic resection
N = 28 patients after resection in the detection of metas-
tasis; 9 patients had metastatic disease. 

27 %

67%
68% 50% / 81%

* NF pNET: non-functioning pancreatic neuroendocrine tumor  ** pNET: pancreatic neuroendocrine tumor
1 GEP-NET: gastroenteropancreatic neuroendocrine tumors. 2 MEN 1 pNET: Multiple Endocrine Neoplasma type 1 pancreatic 
neuroendocrine tumor. 3 Different cut-off values are used. 4 different assays are used with different cut-off values. 

Table 4. Diagnostic accuracy of chromogranin A in patients with pancreatic neuroendocrine tumors;                                                                                   

A review of the literature
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* NF pNET: non-functioning pancreatic neuroendocrine tumor  ** pNET: pancreatic neuroendocrine tumor
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A review of the literature
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DISCUSSION

This study assessed the diagnostic accuracy of Chromogranin A in patients with resectable, 
non-functioning pNET prior to their pancreatic resection. CgA was elevated in only 27% of 
the patients with NF-pNET at time of diagnosis. Therefore, the determination of CgA in pa-
tients with low tumor burden adds little value. The level of CgA was slightly higher in patients 
with a larger primary NF-pNET, however this was not significant. Furthermore, tumor grade 
or tumor location had no effect on the level of CgA. Small tumors may be less aggressive and 
therefore a conservative treatment may be an option in these patients 2,38,39. Since the sensitiv-
ity of CgA at diagnosis was low for resectable NF-pNET, CgA may less suitable as a screening 
tool in those patients. To be sure of the diagnosis in these small NF-pNET, a biopsy is needed. 

Our literature search did not reveal studies including similar patients with resectable 
non-functioning pNET without metastases. The sensitivity mentioned in the studies ranged 
from 24-88%. This broad variation is possibly caused by the diversity of the included patients 
with different tumor stage. The studies did describe the positive correlation between tumor 
load and the degree of elevated CgA (9,22,50). The scientific evidence for the efficacy of CgA as 
biochemical marker at time of diagnosis in resectable NF-pNET without metastases is how-
ever inconclusive. Furthermore, the diagnostic accuracy of the included studies is influenced 
by different cut-off values and differences in used assays. 

In patients with advanced pNET, CgA may play an important role during follow-up to eval-
uate treatment response. CgA is significantly higher in patients with metastatic disease in 
comparison with patients without any metastasis 10,28,29,36,41,42. Caution is however warranted, 
because other conditions can influence the results of CgA 6,11–14,16,17,32. Also in our study the 
reliability of the results was influenced by the use of proton pomp inhibitor (PPI) therapy, 
although this was used in one patient only. The ENETS guidelines advise to interrupt proton 
pomp inhibitors if possible at least 3 half-live times of the PPI prior to CgA sampling 14. El-
evated CgA during follow-up should be interpreted with caution while other causes of false 
positive results should be taken into account. In our study, the sensitivity and specificity of 
CgA was 67 and 68%, respectively and 50% had a false positive value of CgA. Elevation of 
CgA was not always reliable and seems a moderate predictor of metastasis. Moreover, an 
elevated CgA without assignable evidence on radiological imaging may create considerable 
anxiety in the patients. Also the degree of elevated CgA did not provide clarity since the levels 
of elevated CgA in patients with or without recurrent disease were comparable (figure 1). The 
additional value of routine monitoring of CgA during follow-up in order to detect recurrent 
disease in patients with primary resected NF-pNET is debatable. If recurrent disease has been 
demonstrated by radiological imaging, CgA can possibly be used to monitor disease progres-
sion and to evaluate the extent of the disease during further follow-up7,8.
 
Another important point to consider is the diagnostic accuracy of current radiological imag-
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ing modalities. In practice, there is a dilemma when CgA is elevated but imaging is negative 
for recurrent disease. The patient will be monitored closely with further follow-up using bio-
chemical and radiological tests. However, recurrent disease may present with small or poorly 
definable lesions and these lesions may be detected less accurately by radiological imaging 
43–46. Biochemical markers may be elevated while small metastases may not yet be demon-
strable on imaging. In these cases, the biochemical markers are scored as false positive while 
they are actually true positive. Consequently, the diagnostic accuracy of biochemical markers 
depends on the diagnostic accuracy of the gold standard for the detection of the metastasis, 
usually radiological imaging 2. 

Limitations
This study is a retrospective analysis of the diagnostic accuracy of CgA in resectable NF-
pNET. Not all the patients have had an additional preoperative hormonal screening because 
there was no preoperative suspicion of a NF-pNET. Diagnosis was made after surgery based 
on resected specimen. Furthermore, the study period stretches over more than 10 years and 
in the beginning of the study period the hormonal determination of CgA was not routinely 
used in all the resected NF-pNET patients.  Also the routine of the CT scan changed. The CT 
scan has improved during the study period, because the CT slices have become thinner and 
the images in multiple planes could be reconstructed with IV contrast. 

In addition, the inclusion criteria were very strict. Only patients with resectable NF-pNET 
were included. Therefore, this study applies only to this very selected group of patients. An-
other limitation of this study is, as mentioned above, that the gold standard used for detection 
of recurrent disease does not have a 100% detection rate. However all patients were followed 
for prolonged times to confirm the absence of recurrent disease and with that, the true nega-
tive or false positive test results of CgA.

In conclusion
In patients with resectable NF-pNET and therefore low tumor burden, routine measurement 
of CgA adds little value and should be cautiously interpreted. The diagnostic accuracy of CgA 
was low during the preoperative diagnostic workup and elevated CgA during follow-up was 
not always reliable. To avoid anxiety, postoperative CgA may be used as screening tool for the 
extent and frequency of the radiological imaging rather than a decisional tool for recurrent 
disease. 
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ABSTRACT
 
Background: Reliable prognostic factors for recurrence of non-functional pancreatic neu-
roendocrine tumors (NF-pNET) are unknown because of its rarity.  Aim of this study was to 
predict recurrent disease in patients with grade 1 or 2 NF-pNET after curative resection in 
order to identify patients who might benefit from adjuvant treatment or intense follow-up.  

Methods:  Retrospectively all patients with resected NF-pNET from 1997-2013 of two aca-
demic institutions were included. Patients with distant metastases or hereditary syndromes 
were excluded. Recurrent disease was defined as local tumor recurrence, lymph node- or 
distant metastases. Independent predictors for recurrent disease after curative resection were 
identified with a multivariable Cox regression. With the independent predictors, a nomogram 
was made to predict recurrent disease within 5-years after curative resection. The nomogram 
was internally validated. 

Results:  ninety-seven patients with grade 1-2 NF-pNET were included and median follow-up 
was 57 months (IQR 35-82). Twenty-three (24%) patients developed recurrent disease and 7 
patients died due to tumor progression. Overall 5-year disease specific survival was 96%. 
Independent predictors for recurrent disease were tumor size>2cm, positive lymph nodes in 
resected specimen and perineural invasion. Patients with a nomogram score ≥14 were high 
risk patients for recurrent disease with a c-statistic of 0.79(CI95% 0.70-0.88) and Hosmer–Le-
meshow test of 6.45(p=0.694). 

Conclusions: We established a novel nomogram to predict recurrent disease after curative re-
section in grade 1 and 2 NF-pNET. This practical prognostic model may help to identify high 
risk patients for tumor recurrence. Clinical trials should be initiated to investigate whether 
these high risk patients might benefit from adjuvant therapy.
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INTRODUCTION

In patients with curative resected non-functional pancreatic neuroendocrine tumor (NF-
pNET), the overall prognosis is favourable. The main focus during follow-up is to detect re-
current disease 1–3. Reliable recurrence rates are difficult to deduct from the literature, because 
of the rarity of the disease and because the group of patients with resected pNETs is inhomo-
geneous.  Most studies include patients with hereditary syndromes, hormonal overproduc-
tion, incidentally detected pNET and patients with metastases or debulking resections 4–8. All 
these different pNET patients have different patterns of tumor recurrence and survival. In pa-
tients with resectable NF-pNET, grade 3 NF-pNET or the presence of metastases at diagnosis 
are associated with a poor prognosis 4. Other factors than tumor grade such as age and tumor 
size  influence survival 2,9–12. Tumor size might even be so influential, that recommendations 
are made for non-operative management in selective small (≤2cm) NF-pNET 1,8.
 
In comparison with other forms of cancer including pancreatic cancer, adjuvant treatment 
after surgical resection is not yet recommended in patients with NF-pNET 8. In metastatic 
patients, different treatment options are available in order to reduce tumor load, to inhibit 
tumor growth or to alleviate the symptoms13-17.  These different treatment options, such as 
chemotherapy, long acting somatostatin analogues, mTOR or tyrosine kinase inhibitors and 
peptide receptor radionuclide therapy (PRRT), may be an option as adjuvant treatment in 
patient with risk factors for recurrent disease after curative resection. However, it is unclear 
which combination of risk factors for recurrent disease matters most in patients with grade 1 
or 2 NF-pNETs 18.
 
The aim of this study was to analyse the long-term outcome in a very selective group of pa-
tients with NF-pNET without hereditary syndromes, grade 3 tumors or distant metastasis at 
time of diagnosis. First, the 5 and 10- year disease specific survival after pancreatic resection 
for NF-pNET was calculated. Secondly, significant predictors for recurrent disease in patients 
with grade 1 or 2 NF-pNET were analyzed. With these predictors, a nomogram was devel-
oped to calculate the recurrent risk of the individual patient and to identify the high risk 
patient for recurrent disease after curative resection.  
 
METHODS

Retrospectively all NF-pNET with a curative resection from 1997 to 2013 of two academic 
institutions were included. Both institutions were high volume centers for pancreatic sur-
gery and specialized in the treatment of neuroendocrine tumors.  The institutions were the 
Erasmus Medical Centre in Rotterdam and the Academic Medical Centre in Amsterdam, 
both in The Netherlands. Patients were included in the database if patients had pathology 
proven pNET. Patients with an ampullary NET or duodenal NET were excluded from the 
study. The pathology reports of all pancreas resections in the selected period were reviewed 
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for the diagnosis of pNET. Inclusion criteria for this study were adults with a curative resected 
grade 1 or 2 NF-pNET without metastasis at the time of diagnosis. All patients with locally 
advanced disease or distant metastases, successfully treated or not, were excluded.  Patients 
with hereditary syndromes, such as Multiple Endocrine Neoplasia type 1 (MEN-1) or Von 
Hippel-Lindau syndrome (VHL), even if diagnosed after resection of the pNET, were also 
excluded. Patients with grade 3 NF-pNET were excluded for survival analysis. 

NF-pNET was defined as a pNET without clinical syndrome based on excessive hormone 
secretion or symptoms associated with hormone overproduction.  The medical records, ra-
diological imaging reports and operation reports were reviewed for the demographics and 
clinical data including, age of surgery, body mass index (BMI), sex, tumor size (based on 
preoperative radiological imaging), tumor location and type of surgery.  Radiological imaging 
consisted of abdominal CT scan and, if necessary, endoscopic ultrasonography and octreotide 
scintigraphy (Octreoscan).  

Depending on tumor location, pancreatoduodenectomy or distal pancreatectomy was per-
formed. Tumor enucleation or central pancreatectomy was performed in patients with small 
pNET which were adequately distanced from the pancreatic duct. Lymphadenectomy was 
not routinely performed in patients with tumor enucleation.  Resection margins are classified 
according the Royal College of Pathologists 19. Completely excised tumors are classified as 
R0, tumors with microscopic margin involvement <1mm are classified as R1. Pathology was 
performed according to the local protocols. 
Major complications were defined as pancreatic fistula grade B/C, delayed gastric emptying 
grade B/C or post-operative bleeding grade B/C, scored according to the ISGPF classifications 
20–22. The pathology reports were carefully reassessed for lymph node involvement, vascular 
or perineural invasion. Mitotic count and histological grade were based on the World Health 
Organisation  (WHO) classification of 2010 in grade 1 to 3 23. The pathology slides were reas-
sessed if the tumor grade was incomplete or missing.
 
Recurrent disease was defined as local recurrence in the pancreas, new localization in lymph 
nodes or the onset of distant metastases. Besides routine control of physical symptoms, the 
follow-up program consisted of physical examination, laboratory tests and radiological imag-
ing every 6 months or every year, depending on the test results. The survival was last updated 
at July 2014. Disease specific survival was defined as the percentage of patients still alive and 
not has died due to NF-pNET. Recurrent free survival was defined as the percentage of pa-
tients without recurrent disease after resection. 

Statistical analysis
Statistical analyses were performed using IBM SPSS statistics 20 and R for windows version 
3.0.2 (cran-Rproject.org). Based on the outcome, the data was described with mean and stand-
ard deviation (SD) or median and interquartile range (IQR). In categorical data, the number 
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and proportion (%) are displayed. Kaplan-Meier curves were used to determine the median 
time for recurrent disease and survival. To identify predictors for recurrent disease, a univar-
iable and multivariable Cox proportional hazard model for 5-year recurrence was used. The 
assumption of proportional hazard regression was tested by visually inspecting the log minus 
log plots. No violations were detected for any of the variables included in the model. The re-
sults were presented with the Hazard Ratio (HR) and the 95% confidence interval (CI95). A 
nomogram was made, based on the significant predictors from the backward multivariable 
analysis. Based on the nomogram scores, high risk patients for 5-year recurrent disease were 
identified. The value of a high risk patient was calculated as the cut-off value whereby 50% 
of the patients had developed recurrent disease within 5 years using Kaplan-Meier analysis. 
Model performance was assessed by measuring discrimination and calibration. Discrimina-
tion is the ability to separate the persons who will have a recurrence from the persons who 
will not have a recurrence, while calibration is the ability to correctly quantify the observed 
absolute risk. The discriminative ability of the model was examined by calculating Harrel’s 
c-statistic 24 with 95% CI and the calibration of the model was assessed by calculating the 
goodness of fit Hosmer–Lemeshow Chi-square test. Moreover we examined the discrimi-
nation of the WHO grade model 23 and compared the c-statistics of the two models using a 
z-test. The c-statistic may vary from 0.5 to 1.0. A discriminative value of 0.5 was considered 
as good as chance and a value above 0.9 was excellent. If the calibration was not significantly 
different, the prediction of the model was comparable with the actual outcome. A 2 sided 
p-value < 0.05 was considered significant. The study has been approved by the Medical Ethics 
Review Committee.  
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RESULTS

Overall, 122 resected patients were screened for inclusion; nine patients with synchronous 
metastases at the time of the operation and were excluded. In total, 8 patients had a grade 
3 tumor with a median Ki67index of 35% (IQR: 26-50). All 8 patients developed recurrent 
disease within 5 years with a median of 11 months (IQR 4.0-17.9) and the median disease 
specific survival was 23 months (IQR 16.8-29.2). The 8 patients with grade 3 tumor were ex-
cluded since it is known that these tumors are highly aggressive.  Also 5 patients with MEN-1 
syndrome and 1 patient with VHL were excluded. In total, 99 patients were finally included. 
Patients’ characteristics are listed in table 1. 
 

n = 99  patients

Age, mean (SD)1 56.2 (10.9)

Male, n (%) 44 (44)

BMI2, mean (SD) 25.0 (4.0)

ASA classification3, n (%)
I
II
III

23 (23)
70 (71)

6 (6)

Tumor location, n (%)
Head
Corpus
Tail

50 (51)
19 (19)
30 (30)

1 Standard deviation, 2Body mass index, 3Society of Anaesthesiologists classification

Table 1 Characteristics of patients with a resected non-functional pancreatic neuroendocrine tumor

Oncological outcome after resection
A pancreatoduodenectomy was performed in 42 (43%), left pancreatectomy in 33 (33%), tu-
mor enucleation in 14 (14%), central pancreatectomy in 9 (9%) and total pancreatectomy 
in 1 (1%) patient. Total pancreatectomy was carried out because of the suspicion of IPMN 
and positive resection margins peri-operative. The postoperative pathology result was an NF-
pNET. In-hospital mortality after pancreatic resection was 2% (2/107), both due to complica-
tions after pancreatoduodenectomy. The postoperative outcome is listed in table 2. 
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n = 99  patients

Major complications, n (%) 32 (32)

Tumor grade, n (%)
Grade 1
Grade 2

62 (63)
37 (37)

Lymph node positive in resected specimen, n (%) 25 (25)

Tumor diameter, median (IQR)1 30 (15-50)

Tumor stage, n (%)
Stage 1
Stage 2a
Stage 2b
Stage 3a
Stage 3b

36 (37)
18 (18)
19(19)
1 (1)

25(25)

Perineural invasion, n (%) 25 (25)

Vascular invasion, n (%) 12 (12)

Resection margin, n (%)
R0
R1

75 (76)
24 (24)

Mortality, n (%) 2 (2)
1Interquartile range; 

Table 2 Postoperative outcome after surgical resection

Long-term Follow-up
Since two patients died postoperatively, 97 patients were suitable for long-term survival anal-
ysis. Median follow-up time was 57 months (IQR 35-82), 23 (24%) patients developed recur-
rent disease and 13 patients (13%) died, including 7 patients due to tumor progression. 

The 5-year disease specific survival of the 97 patients was 96% and the overall 5-year survival 
was 91%. The 10-year disease specific survival was 82% and the overall 10-year survival was 
65%. The 10-year disease specific survival (A) and 10-year recurrent free survival (B) were 
shown in figure 1. 

Independent predictors for recurrent disease
In the univariable Cox regression including 97 patients for analysis, tumor size > 2cm, posi-
tive lymph nodes in resected specimen, R1 resection margin, tumor grade II, perineural and 
vascular invasion were risk factors for recurrent disease after curative resection, as listed in 
table 3. With a backwards selection, only tumor size >2cm, positive lymph nodes and peri-
neural invasion were significant predictors for recurrent disease in the multivariable analysis. 
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Figure 1.  Kaplan Meijer curve of (A) 10-year disease specific survival and (B) 10-year recurrent free survival.

Univariable Cox regression 
Recurrent disease

Multivariable Cox regression
Recurrent disease

HR5 CI 95%6 P value HR CI 95% P value

Man 1.08 0.48-2.44 0.86

Age > 55yr 0.96 0.42-2.22 0.93

Tumor location pancreatic head 1.85 0.80-4.28 0.15

BMI1 > 26 0.40 0.15-1.06 0.07

ASA2 classification III-IV 0.04 0.0-40.0 0.37

Negative somatostatin scintig-
raphy3 1.5 0.41-5.48 0.54

Tumor size > 2 cm 11.79 1.59-87.48 0.016 10.5 1.4-81.0 0.024

Positive lymph nodes in resected 
specimen4 4.67 1.9-11.30 0.001 2.9 1.2-6.8 0.014

R1 resection margin 2.5 1.08-5.97 0.032 -- --

Major complications 0.53 0.20-1.42 0.21

Tumor grade  2 4.46 1.8-10.87 0.001 -- --

Perineural invasion 4.47 1.8-10.92 0.001 5.3 2.0-13.6 0.001

Vascular invasion 3.4 1.5-7.7 0.003 -- --
1 Body mass index; 2 Society of Anaesthesiologists classification; 3 only patients in analysis if a somatostatin scintigraphy was 
performed (n = 68) 4 Patients with tumor enucleation were excluded from this analysis since no lymphadenectomy was carried 
out; 5 Hazard Ratio; 6 Confidence interval; * P < 0.05

Table 3 Risk factors for recurrent disease in patients with non-functional pancreatic neuroendocrine tumors
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Figure 2.   Nomogram to predict recurrent disease within 5 years after curative resection. Each predictor has its own number of 

points. If a predictor is present, the patient will receive the corresponding points. These points can be added up to a total number of 

points. The number of total points can be translated into the probability of recurrent disease within 5 years after curative resection.

Nomogram and high risk patients
Based on the hazard ratios of the significant predictors from the multivariable backwards 
Cox Regression, a nomogram was made, see figure 2. The nomogram predict the probability 
to develop recurrent disease within 5 years after curative resection in patients with a grade 1 
or 2 NF-pNET. Compared to patients without recurrent disease, the nomogram scores were 
significant increased in patients with recurrent disease (p <0.001), see figure 3.  Based on the 
nomogram, high risk patients for recurrent disease can be identified. In the patients with 
a nomogram score ≥ 14, 50% have developed recurrent disease within 5 years (median 34 
months (CI95% 18-50)). Therefore, patients with a nomogram score ≥ 14 are identified as 
high risk patients for recurrent disease within 5 years, see figure 3. 

Positive lymph nodes

No Yes

0 3

Perineural invasion

Tumor size >2cm

Total points

Probability %

No Yes

0 5

No Yes

0

0

11
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Figure 3.  Identification of high risk patients.  A. Nomogram scores were significant increased (p <0.001) in patients with recurrent 

disease within 5 years. B. Kaplan-Meier analysis with cut-off value of nomogram score ≥ 14.

Discrimination and calibration of the Nomogram
The discrimination of the nomogram was 0.79 (CI95%: 0.70-0.88) and the Hosmer Leme-
show chi-square test was 6.45 (p=0.694). Therefore, the ability of the nomogram to separate 
patients who will develop recurrent disease was good. In practice, the WHO grading is used 
to predict recurrent disease23. In our study-population, the discrimination of the WHO grad-
ing was lower compared to our nomogram with a c-statistic of 0.689 (CI95%: 0.590-0.788), 
however this was not significant (p-value=0.066). The Hosmer Lemeshow chi-square test was 
not available, since there were only two variable, grade 1 and grade 2. 
 
DISCUSSION

The 5 and 10-year disease specific survival after pancreatic resection for NF-pNET without 
hereditary syndromes or distant metastases at time of surgery was resp. 96% and 82%. Pre-
dictors for recurrent disease in patients with a grade 1 or 2 NF-pNET were tumor size > 2cm, 
positive lymph nodes and perineural invasion. These factors are translated in a nomogram to 
predict recurrent disease within 5 years after curative resection. Patients with a nomogram 
score ≥14 are high risk patients for recurrent disease.  

Based on our cohort, the nomogram was better in the prediction of recurrent disease within 
5-years compared to tumor grade of the WHO classification with a c-statistic of resp. 0.788 
and 0.689 (P: 0.066). High risk patients may benefit from adjuvant treatment after their cu-
rative resection. However, until now adjuvant treatment is no standard care and there is no 
evidence that adjuvant treatment reduces the risk of recurrent disease. Based on the treatment 
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in patients with advanced pNET, different treatment options are available for adjuvant treat-
ment 25 such as chemotherapy, long-acting somatostatin analogues, mTOR or tyrosine kinase  
inhibitors and PRRT. 

Most studies on risk factors for recurrent disease after resection of pNET included patients 
with distant metastases, functional and non-functional tumors or patients with MEN1 syn-
drome 12,26–28. By including all these patients, the results may be clouded or misleading since 
the recurrent and survival rate is different for these patients. In this study, we included a very 
selective group of NF-pNET and analyzed risk factors for recurrent disease. Patients with 
independent predictors for recurrent disease may benefit from a stricter follow-up program. 
Instead of a surveillance program with radiological imaging and biochemical markers (such 
as chromogranin A) on a yearly basis, patients with independent predictors for recurrent dis-
ease might benefit from follow-up every 6 months with biochemical markers and radiological 
imaging. It is beyond this article to discuss the different options of radiological imaging and 
the ideal follow-up program.

There are some limitations to this study. First the extended inclusion period. In the beginning 
of the study, the follow-up program was not standardized for every patient. For example, in 
patients with elevated chromogranin A, radiological imaging was more frequently performed. 
On the other hand, in patients with a grade 1 tumor without positive lymph nodes, a less strict 
follow-up program was followed. This may bias the time to detect recurrent disease. However, 
until now there is no exact follow-up program in the guidelines 8,29. Another limitation is the 
diversity in race in our study; almost all the included patients were Caucasians. Other studies 
have found differences between different races and survival30,31. Since almost all the patients 
were of the same race, it was not possible to include this variable in the analysis. Thirdly, the 
accuracy of the specimen handling and pathology reports might result in bias. According La 
Rosa et al, also nuclear atypia, necrosis and cytokeratin 19 expression were significant pre-
dictors for overall disease-specific survival 11. These factors were not fully known in all our 
patients and therefore not included in the cox regression analysis. In our nomogram, only 
grade 1 and 2 NF-pNET were included because a grade 3 tumor was an already known risk 
factor for a poor prognosis and by including these patients, the prediction model would be 
skewed 4,8,32. Also in daily practice, the treatment of grade 3 NF-pNET is different compared to 
grade 1 and 2 tumors. Since the limited data, it is still unclear if resectable grade 3 NF-pNET 
may benefit from surgical resection of the primary tumor. Finally, our nomogram needs to 
be externally validated in order to investigate whether the nomogram is useful in another 
population. 

For further studies, an uniform description is preferred as regards to the results. In survival 
analysis, an accurate distinction should be made between functioning and non-functioning 
pNET and patients with hereditary syndromes should be separately analyzed. Even in this 
patient group with often small numbers, it is important to provide accurate and detailed data. 
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Our future goal in the treatment of NF-pNET may be the adjuvant treatment of high risk pa-
tients with NF-pNET. International randomized trials are needed to investigate if these high 
risk patients may benefit from adjuvant treatment after curative resection.

In conclusion
Although tumor grade is important for prognosis, also tumor size >2cm, positive lymph 
nodes and perineural invasion are independent predictors for tumor recurrence. Surgical re-
section is required in order to be fully informed on these predictors and the pathologist needs 
to describe all these factors as well in the pathology report. The nomogram predicts recurrent 
disease after curative resection in grade 1 and 2 NF-pNET based on these risk factors. Patients 
with a nomogram score ≥ 14 are identified as high risk patients and these patients may benefit 
from adjuvant therapy or intensive follow-up.  
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SUMMARY

In general, randomized controlled trials are lacking in the management of patients with pan-
creatic neuroendocrine tumors, especially in the management of surgical treatment. In this 
thesis we give an overview of the current literature on the surgical management of pNET. We 
have analyzed the diagnostic aspects (Octreoscan and chromogranin A) and the postopera-
tive outcome in a large group of more than 200 surgical patients with pNET. 

In chapter 2 we have performed a systematic review on the postoperative outcome and 5-year 
survival after pancreatic resection in patients with pNET. More than 2600 studies are screened 
for inclusion. There were no randomized controlled trials and high levels of heterogeneity 
were expected since all kinds of studies were enrolled. To reduce the heterogeneity, strict 
inclusion criteria are maintained:
•     Studies are only included if the pNET patients were clearly and separately described. 
•     Studies must describe the postoperative outcome (pancreatic fistula, delayed gastric emp-
tying, postoperative hemorrhage and in-hospital mortality) for each surgical procedure sep-
arately. 
•     The 5-year overall survival and disease specific survival must be described after pancreatic 
resection. 
•    Studies must include at least 10 patients.
The pooled PF rate of the 6 prospective studies was 45%. The overall PF rate after distal pan-
createctomy was 14%, 14% after pancreatoduodenectomy and 58% after central pancreatecto-
my. Overall delayed gastric emptying after tumor enucleation was 5%, 5% after distal pancre-
atectomy, 18% after pancreatoduodenectomy and 16% after central pancreatectomy. Overall 
postoperative haemorrhage after tumor enucleation, distal pancreatectomy, pancreatoduo-
denectomy and central pancreatectomy were respectively 6%, 1%, 7% and 4%. In-hospital 
mortality after tumor enucleation, distal pancreatectomy, pancreatoduodenectomy and cen-
tral pancreatectomy was 3%, 4%, 6% and 4%.  The pooled proportion of the overall 5-year sur-
vival of the retrospective studies was 85%. The pooled 5-year DSS after pancreatic resection 
was 93%. Heterogeneity was too high to perform a meta-analysis in the 5-year overall survival 
in patients with resected liver metastases. The 5-year disease specific survival was 80%.

Summarizing, heterogeneity is high in studies on the postoperative outcome and survival 
in patients with pNET. Therefore, data must be uniform and clear to be able to interpret the 
results and to use the information in daily practice. This can be accomplished by uniform defi-
nitions of “pancreatic resection” or “atypical resection”. Furthermore, ISGPS criteria should be 
used in the description of postoperative complications. 

In chapter 3 we have analyzed the postoperative outcome of surgical patients with pNET of 
the Academic Medical Center of Amsterdam and the Erasmus Medical Center of Rotterdam. 
Surgical treatment is primarily dependent on tumor location. Therefore, we have compared 
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tumor enucleation of the pancreatic head with pancreatoduodenectomy and tumor enuclea-
tion of pancreatic corpus/tail with distal pancreatectomy. A comparable number of patients 
had complications; 69% after tumor enucleation of the pancreatic head versus 80% after pan-
creatoduodenectomy (p=0.20) and 36% after tumor enucleation of pancreatic corpus/tail 
versus 58% after distal pancreatectomy (p=0.054). The in-hospital stay of the patients with 
complications was comparable: 17 days after tumor enucleation of the pancreatic head versus 
16 days after pancreatoduodenectomy (p=0.73) and 10 days after tumor enucleation of the 
pancreatic corpus/tail versus 11 days after distal pancreatectomy (p=0.41). Severe pancreatic 
fistula (grade B/C) occurred more frequently after tumor enucleation of the pancreatic head 
(40 %) compared to 14% after pancreatoduodenectomy (p <0.01). The number of re-inter-
ventions and re-admissions were similar between the groups. Lymph node metastases were 
diagnosed in 51% of the patients who underwent pancreatoduodenectomy. Fifty-five of the 
patients with a tumor size ≤ 2 cm had lymph node metastases. BMI > 25 kg/m2 and a tumor 
in the pancreatic head are independent risk factors to develop complications after tumor enu-
cleation. No significant predictors are found for any of the other surgical procedures. After 
pancreatoduodenectomy, both endocrine- and exocrine insufficiencies occurred significantly 
more frequent compared to tumor enucleation or distal pancreatectomy. The number of pa-
tients with pancreatic insufficiency was similar between tumor enucleation and distal pancre-
atectomy. The postoperative morbidity after tumor enucleation is high, especially after tumor 
enucleation of the pancreatic head. Since the incidence of lymph node metastases was high 
in pNET in the pancreatic head, even for small pNET, a pancreatoduodenectomy may be the 
preferred surgical procedure. 

In chapter 4 we have analyzed nationally if laparoscopic distal pancreatectomy (LDP) is su-
perior to open distal pancreatectomy (ODP). All patients after distal pancreatectomy were 
included between 2005 and 2013 from 17 different centers in the Netherlands. In total, 633 
patients were included, 64 patients after laparoscopic distal pancreatectomy and 569 patients 
after open distal pancreatectomy. Laparoscopic resection was associated with a significantly 
lower incidence of complications (16% after LDP versus 29% after ODP) and a significantly 
shorter median in-hospital stay (8 days after LDP versus 10 days after ODP). Laparoscopic 
procedures were converted to open procedures in 33%. All surgeons received a survey on the 
training in the laparoscopic approach of distal pancreatectomy.The survey demonstrated that 
85% of surgeons welcomed LDP training. LDP seems safe, especially with structured training 
for the surgeons. 

In chapter 5 we have analyzed the morbidity of all the patients undergoing elective pan-
creatic resection with different types of pathology. A total of 832 patients were included: 88 
patients with pNET and 744 patients with different diagnosis such as pancreatic adenocarci-
noma, chronic pancreatitis, ampullary carcinoma or distal cholangiocarcoma. Pancreatodu-
odenectomy was most frequently performed (78%), followed by distal pancreatomies (17%), 
central pancreatectomies (2%) and tumor enucleations (3%). Overall morbidity was 55%, 
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mainly caused by delayed gastric emptying grade B/C (26%) and pancreatic fistula grade B/C 
(18%). Delayed gastric emptying was more common in non-pNET patients (28%) compared 
to pNET (13%), p=0.002. The pancreatic fistula rate was not significantly different between 
patients with pNET (23%) and non-pNET diagnosis (17%).  BMI (OR 1.12, 95% CI 1.1-1.2), 
pancreatic duct diameter < 3 mm (OR 1.93, 95% CI 1.2-3.1) and central pancreatectomy (OR 
3.4, 95% CI 1.1-8.8) were independent risk factors for the development of pancreatic fistula. 
This study describes that pNET is not an independent factor associated with the development 
of pancreatic fistula.  Patient’s characteristics and type of surgery have presumably more in-
fluence on fistula development than the diagnosis of pNET.  

Besides pancreatic fistula, postoperative hemorrhage is a very severe complication that is as-
sociated with mortality. Based on the time of onset, postoperative hemorrhage can be di-
vided in early (≤ 24hr) or late onset (>24hr)1. Pancreatic fistula may induce postoperative 
hemorrhage due to the erosion of the arterial vessel, dehiscence of the new anastomosis or 
by the forming of a pseudo-aneurysm.  Since the incidence of pancreatic fistula is high after 
surgical resection in patients with pNET, postoperative hemorrhage may also occur after sur-
gery. In chapter 6 we have analyzed 1035 patients who underwent pancreatoduodenectomy 
for a peri-ampullary tumor. Forty-seven patients (4.5%) developed a postoperative hemor-
rhage. Pancreatic fistula grade B/C was the only independent predictor for late postoperative 
hemorrhage (OR 10.2 95%CI 4.37-23.71). Mortality of the patients with a late postoperative 
hemorrhage was 13% (n=6/47) compared to 1.5% of all the patients without late postopera-
tive hemorrhage. Out of the 47 patients with late postoperative hemorrhage, 20 patients had 
a grade C type of bleeding and were in need of an emergency intervention. A sentinel bleed 
(OR 6.6, 95% CI 1.1-38.7) and extraluminal location of the bleeding (OR 5.6 95% CI 1.1-29.7) 
were independent predictors for emergency interventions. However, the type of intervention, 
radiological or surgical, was not predictable. In the nearby future a hybrid room, with both 
angiographic intervention and surgical opportunities available, is desirable. 

In chapter 7 we have analyzed the additional value of the somatostatin receptor scintigraphy 
(SRS) during pre-operative staging as a second test after a CT-scan. Between 2002 and 2013 
all the SRS made in the Academic Medical Center were selected. Out of these 741-screened 
patients with SRS, only 62 patients had non-functional pNET (NF-pNET) and received both 
a CT-scan and a SRS during preoperative staging. The sensitivity to detect the primary tumor 
of the CT-scan and the SRS were respectively 95% and 73%. The non-detected NF-pNETs on 
the SRS were significantly smaller (median size 23mm, IQR 9-30) compared to the detected 
NF-pNET on the SRS (median 36mm, IQR 22-60).  In total, 13 patients had metastases. The 
sensitivity and the specificity for a CT-scan and a SRS in the detection of metastases were 
respectively 85-80% and 85-90%. In 14 patients the TNM classification altered correctly after 
SRS. Not all of these changes resulted in an altered management. In 15% (n=9) of the patients, 
management changed from potential palliative into curative because metastases were not 
confirmed with SRS. Additional SRS may be indicated to detect pNETs larger than 30mm and 
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to confirm NET metastases. Furthermore, patients can be selected for PRRT. In patients with 
small tumors (< 30mm) without suspicious NET metastases on the CT-scan, an additional 
SRS may be less contributing.  

The diagnostic accuracy of chromogranin A (CgA) is mainly analyzed in metastatic patients. 
In chapter 8 we have assessed the diagnostic accuracy of chromogranin A in 47 resectable 
patients with NF-pNET and low tumor burden. The diagnostic accuracy during preoperative 
workup was measured in 37 patients. In only 10/37 patients (27%) CgA was elevated during 
preoperative workup.  There were no differences in patients’ characteristics between the pa-
tients with an elevated CgA and patients with a normal CgA. After a median follow-up of 36 
months (IQR 16-55 months), CgA data was available in 28 curative resected patients. Out 
of these 28 patients, 9 patients developed recurrent disease. The sensitivity and specificity 
of CgA in the detection of recurrent disease after curative pancreatic resection were respec-
tively 67% and 68%. The positive and negative predictive values were 50% and 81%. Since 
the moderate diagnostic accuracy of CgA during preoperative staging and follow-up routine 
measurements of CgA had limited value in patients with NF-pNET and low tumor burden. 

In some larger studies on long-term outcome, grade 3 pNET or patients with resected liver 
metastases have been described to be at risk to develop recurrent disease after their pancreatic 
resection. In chapter 9 we have identified risk factors for recurrent disease in patients with 
grade 1 or 2 pNET without synchronous metastases or hereditary syndromes. Two patients 
died postoperatively and therefore 97 patients were suitable for long-term survival analysis. 
After a median follow-up of 57 months (IQR 35-82 months), 23 patients (24%) developed 
recurrent disease and 13 (13%) patients died due to their tumor. The 5-year disease specific 
survival was 96% and overall survival was 91%. Tumor size > 2 cm (HR 10.5, CI95% 1.4-
81.0), positive lymph nodes in the resected specimen (HR 2.9, CI95% 1.2-6.8) and perineural 
invasion (5.3, CI95% 2.0-13.6) were significant predictors for recurrent disease. Based on the 
hazard ratios of these risk factors, a nomogram was been made to predict the probability to 
develop recurrent disease within 5 years after curative resection. Patients with a nomogram 
score ≥ 14 were identified as high risk patients since > 50% of the patients with a nomogram 
score ≥ 14 developed recurrent disease within 5 years. We have performed an internal valida-
tion of the nomogram. The discrimination was 0.788 (CI95%: 0.695-0.881) and the Hosmer 
Lemeshow chi-square test was 6.45 (p=0.694). Follow-up programs can be adjusted to the 
presence of risk factors. High risk patients may benefit from an intensive follow-up program 
or adjuvant therapy. Patients without any risk factors may have a less strict follow-up program. 
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FUTURE PERSPECTIVES

Although the number of patients with pNET is limited, the incidence is raising and approx-
imately 10% of all pancreatic malignancies is a pNET1,2. Medical doctors are getting better 
in recognizing the disease and there is more attention to improve the guidelines. This thesis 
will contribute to an improvement of the surgical treatment. More collaborations between 
the specialized hospitals and research departments are needed to improve the quality of care 
in patients with pNET. Eventually, the individual patient will benefit from a personalized ap-
proach by a customized treatment based on tumor biology and patient’s need.

Based on this thesis, we have acquired additional information in the treatment of patients 
with pancreatic neuroendocrine tumors. Main key points mentioned in the summary are 
pre-operative work-up, type of surgery and a follow-up program. Determination of chromo-
granin A and performing an Octreoscan during pre-operative work-up are both not always 
useful in all patients with pNET. Furthermore, the type of surgery may be adjusted according 
to patient and tumor characteristics. Finally, an uniform but focused follow-up program can 
be made based on the risk profiles for recurrent disease. 

As described in chapter 9, the overall 5-year survival after surgical resection was 91%. For fu-
ture research, it will be a challenging task to improve this survival rate after surgical resection 
in patients with pNET. Especially since the number of patients is limited. Nevertheless, we 
have identified high-risk patients for recurrent disease in chapter 9. After we have externally 
validated our nomogram, it can be used to select patients for adjuvant treatment after surgical 
resection, such as PRRT.

Future research will mainly focus on personalized management of patients with pNET and in 
particular the genetic profile. In our patients all the clinical data such as past treatment, tumor 
grading and follow-up data is available. The next step is to combine the clinical data with the 
genetic status. This will increase the possibilities of personalized treatment. In patients with 
pNET other genes are mutated compared to pancreatic adenocarcinoma, as listed in table 1. 
Main mutated genes in pNET are MEN1, DAXX, ATRX and genes in the PI3K/mTOR path-
way3. These genes are involved in the cell growth, proliferation, apoptosis and cell survival4. 
Different combinations of mutations such as DAXX or ATRX  may be associated with a more 
favourable prognosis while other mutations may increase the malignant potential in pNET5. 
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Genes Pancreatic 
neuroendocrine tumor

Pancreatic 
adenocarcinoma

KRAS 0% 100%

TP53 3% 85%

CDKN2A 0% 25%

TGFBR1/SMAD3/SMAD4 0% 38%

MEN1 44% 0%

DAXX/ARTX 43% 0%

mTOR 15% 0.8%

Table 1  Mutated genes in pancreatic neuroendocrine tumors and adenocarcinoma3

In patients with low tumor burden, such as in patients with resectable disease, there are also 
differences in prognosis. These differences may be caused by differences in the genetic profile. 
In chapter 9 we identified risk factors for recurrent disease, however the genetic mutations are 
not included in this analysis. The next step is to investigate whether there are associations in 
the genetic profile in patients with resectable disease. The genetic profile may have an impact 
on both treatment as follow-up. 

Approximately 15% of the patients with pNET have mutations in the mTOR pathway. Drug 
strategies such as Everolimus or Sunitinib intervene in this mTOR pathway. In the RA-
DIANT-3 study  more than 15% of the patients had a positive effect after treatment with 
Everolimus6. Probably more (unknown) mechanisms or pathways are involved in the effect 
of Everolimus. The data on the genetic status and the response to Everolimus/Sunitinib needs 
to be further investigated before they can be used in daily practise7. In the future patients can 
be selected for these treatments based on their genetic profile. The number of patients being 
treated without any clinical effect could be reduced and the costs for unnecessary treatment 
can therefore also be reduced3.

 Secondly, patients with a poor prognosis based on their genetic profile can be monitored in 
a different way. Based on the genetic profile, patients may be divided in a low or high risk 
profile. Patients with an increased risk of recurrent disease may benefit from an intensive 
follow-up program while patients with a low risk profile may benefit from a less intensive 
follow-up. However, it is unknown if an intensive follow-up and therefore an early detection 
of tumor recurrence may lead to a prolonged survival. As early detection may not lead to a 
prolonged survival, it may be debatable if an intensive follow-up program should be recom-
mended. The first step is to create a follow-up program based on risk profiles. The second step 
is to evaluate the effect of this (less) intensive follow-up program. 
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NEDERLANDSE SAMENVATTING

Bij de keuze van het beleid en de behandeling van patiënten met een neuroendocriene pan-
creastumor (pNET) zijn er weinig gerandomiseerde studies beschikbaar, zeker wat betreft de 
chirurgische behandeling. Om inzicht te krijgen in de resultaten van de behandeling in Ne-
derland zijn in dit proefschrift onder meer de resultaten van zowel de diagnostische aspecten 
(Octreoscan, Chromogranine A) als de chirurgische uitkomsten geanalyseerd van een groep 
van meer dan 200 geopereerde patiënten met een pNET in twee academische ziekenhuizen 
(het AMC en het Erasmus MC) 

Allereerst is in hoofdstuk 2 een systematic review beschreven met betrekking tot de postope-
ratieve uitkomsten en de 5-jaars overleving van patiënten met een pNET na een pancreas 
operatie. Meer dan 2600 studies zijn gescreend voor inclusie. Er waren geen gerandomiseerde 
studies beschikbaar waardoor er studies zijn geïncludeerd met een diverse opzet, zoals cohort 
of case-control studies. Om de heterogeniteit te beperken, zijn de volgende inclusiecriteria 
aangehouden: 
•      Studies waarbij patiënten met een pNET onderdeel uitmaakten van een groter cohort 
werden alleen geïncludeerd als de patiënten met een pNET duidelijk werden beschreven. 
•      De postoperatieve uitkomst moest apart worden beschreven per chirurgische ingreep. 
•      Bij de beschrijving van de 5-jaars overleving/ziekte specifieke overleving werden alleen de 
percentages van de geopereerde patiënten meegenomen. 
•      Studies moesten ten minste 10 patiënten hebben geïncludeerd. 
Zes prospectieve studies konden worden gepoold. Het percentage pancreasfistels na enu-
cleatie voor pNETs bedroeg 45%. Het percentage patiënten met een pancreasfistel na een 
staartresectie was 14%, na pancreatoduodenectomie 14% en na een corpusresectie 58%. Een 
gastroparese na een tumor-enucleatie, staartresectie, pancreatoduodenectomie en corpusre-
sectie werd beschreven bij respectievelijk 5%, 5%, 18% en 16%. Een postoperatieve bloeding 
trad op bij 7% van de patiënten die een pancreatoduodenectomie hadden ondergaan maar 
ook bij 6% van de patiënten na enucleatie en 4 % na corpusresectie.  De ziekenhuissterfte na 
een tumor-enucleatie, staartresectie, pancreatoduodenectomie en corpusresectie was respec-
tievelijk 3%, 4%, 6% en 4%. De 5-jaars overleving van alle geopereerde patiënten was 85% met 
een 5-jaars ziekte specifieke overleving van 93%. De heterogeniteit bleek te hoog om een me-
ta-analyse te verrichten bij de 5-jaars overleving met betrekking tot patiënten met levermeta-
stasen. De 5-jaars ziekte specifieke overleving was 80%. Samenvattend was er geen duidelijk 
voordeel voor het verrichten van een enucleatie ten opzichte van  standaard resectie bij pati-
enten met een pNET als het gaat om postoperatieve morbiditeit of mortaliteit. Hierbij dient 
wel vermeld te worden dat de heterogeniteit tussen de studies hoog was. Het is daarom aan te 
bevelen om data eenduidig en uniform te beschrijven zodat deze gegevens ook bruikbaar zijn 
in de dagelijkse praktijk en een goede onderlinge analyse mogelijk maken. Bijvoorbeeld door 
duidelijk definities aan te houden voor “pancreas resectie” en “atypische resecties” en de ISG-
PS criteria te gebruiken voor het beschrijven en analyseren van postoperatieve complicaties. 
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In hoofdstuk 3 hebben we de uitkomsten geanalyseerd van patiënten die een operatie heb-
ben ondergaan in het Academisch Medisch Centrum te Amsterdam en het Erasmus Medisch 
Centrum te Rotterdam. De chirurgische behandeling is vooral afhankelijk van de tumorlo-
catie. Daarom hebben we een tumor-enucleatie in de pancreaskop vergeleken met een pan-
creatoduodenectomie en een tumor-enucleatie in de corpus/staart met een staartresectie. Het 
percentage complicaties na een tumor-enucleatie (69%) was vergelijkbaar met het percentage 
na een pancreatoduodenectomie (80%). Ook het percentage tussen een tumor-enucleatie van 
de corpus/staart (36%) versus staartresectie (58%) was vergelijkbaar (p=0.054). De opname-
duur bij gecompliceerde patiënten na een tumor-enucleatie in de kop was 17 dagen versus 16 
dagen na een pancreatoduodenectomie (p=0.73). De opnameduur na een tumor-enucleatie 
in de corpus/staart was 10 dagen versus 11 dagen na een staartresectie (p=0.41). Ook nu 
werd vastgesteld dat ernstige pancreasfistels (graad B/C fistel) frequenter voorkomen na een 
tumor-enucleatie van de pancreaskop (40%) in vergelijking met 14% na een pancreatoduo-
denectomie (p<0.01). Het aantal re-interventies en heropnames waren vergelijkbaar tussen 
beide groepen. Na een pancreatoduodenectomie had 51% van de patiënten lymfekliermeta-
stasen. Patiënten met een tumorgrootte <2cm had 55% lymfekliermetastasen. BMI > 25kg/m2 
en een tumor in de pancreaskop zijn onafhankelijke risicofactoren voor het ontwikkelen van 
complicaties na een tumor-enucleatie. Na een pancreatoduodenectomie is zowel de endocrie-
ne als exocriene functie van de pancreas meer verstoord in vergelijking met een staartresectie 
en tumor-enucleatie. Aangezien de hoge incidentie van lymfekliermetastasen bij patiënten 
met een pNET in de pancreaskop en de hoge postoperatieve morbiditeit na een tumor-enu-
cleatie, wordt geadviseerd om bij deze patiënten een pancreatoduodenectomie te verrichten. 

In hoofdstuk 4 is op landelijk niveau geanalyseerd of een laparoscopische staartresectie supe-
rieur is in vergelijking met een open staartresectie. In totaal werden er 633 patiënten geïnclu-
deerd die werden geopereerd tussen 2005 en 2013 afkomstig uit 17 verschillende ziekenhui-
zen. Vierenzestig patiënten met een laparoscopisch operatie en 569 patiënten met een open 
staartresectie. Een laparoscopische ingreep was geassocieerd met minder complicaties dan 
een open staartresectie respectievelijk 16% versus 29% en een kortere opnameduur (8 dagen 
versus 10 dagen). Drieëndertig van de laparoscopische ingrepen werd geconverteerd naar een 
open procedure. In een survey over de mogelijkheden van een training in de laparoscopische 
benadering van een staartresectie gaf 85% van de chirurgen aan behoefte te hebben aan deze 
training. Een laparoscopische staartresectie lijkt veilig, zeker met een gestructureerde trai-
ning. 

In hoofdstuk 5 hebben we de morbiditeit geanalyseerd van patiënten na een electieve pancre-
asresectie om te bestuderen of er een verschil bestaat in postoperatieve complicaties afhanke-
lijk van de operatie-indicatie. Mogelijk bestaat er een grotere kans op postoperatieve morbi-
diteit bij patiënten die een resectie ondergaan in verband met een pNET gezien de kwaliteit 
van de pancreas. In totaal werden er 832 patiënten geïncludeerd met verschillende pathologie. 
Achtentachtig patiënten hadden een pNET. De overige 744 patiënten hadden een andere di-
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agnose zoals pancreas adenocarcinoom, chronische pancreatitis of een distaal cholangiocar-
cinoom. Een pancreatoduodenectomie werd het vaakst uitgevoerd (78%), gevolgd door een 
staartresectie (17%), corpusresectie (2%) en een tumor-enucleatie (3%). Morbiditeit bedroeg 
55%, vooral veroorzaakt door gastropareses graad B/C (26%) en pancreasfistels graad B/C 
(18%). Een gastroparese was de meest voorkomende complicatie bij niet-pNET patiënten 
(28%) vergeleken met 13% bij een pNET, p=0.002. Het percentage pancreasfistels was niet 
significant verschillend tussen patiënten met verschillende diagnoses, 23% bij pNET versus 
17% bij niet-pNET patiënten. BMI (OR 1.12, 95% CI 1.1-1.2), ductus pancreaticus diameter 
< 3mm (OR 1.93, 95% CI 1.2-3.1) en corpusresecties (OR 3.4, 95% CI 1.1-8.8) waren onaf-
hankelijke risicofactoren voor een pancreasfistel. De diagnose pNET is geen onafhankelijke 
risicofactor voor het ontwikkelen van pancreasfistels. Waarschijnlijk hebben patiëntenkarak-
teristieken en het type operatie meer invloed op de ontwikkeling van pancreasfistels dan de 
diagnose pNET. 

Naast pancreasfistels is een postoperatieve bloeding een ernstige complicatie die gepaard gaat 
met een hoge mortaliteit. Gebaseerd op het tijdstip van de bloeding na de operatie, kunnen 
de bloedingen worden ingedeeld in vroeg (≤ 24 uur) of laat (> 24 uur)1. Pancreasfistels ver-
hogen de kans op een postoperatieve bloeding door erosie van een arterie met vorming van 
een pseudo-aneurysma in combinatie met een dehiscentie van de pancreaticojejunostomie 
anastomose. Gezien de hoge incidentie pancreasfistels na een pNET, bestaat er ook een ver-
hoogd risico op een bloeding na een operatie. In hoofdstuk 6 beschrijven we 1035 patiënten 
met verschillende diagnoses die allen een pancreatoduodenectomie hebben ondergaan waar-
bij 47 patiënten (4.5%) een postoperatieve bloeding hebben ontwikkeld. Een pancreasfistel 
graad B/C was de enige onafhankelijke voorspeller voor een late bloeding (OR 10.2 95%CI 
4.37-23.71). De mortaliteit na een late bloeding was 13% (n=6/47) in vergelijking met 1.5% 
van alle patiënten zonder late bloeding. Van de 47 patiënten met een late bloeding hadden 20 
patiënten een graad C bloeding en was er een noodzaak tot een spoedinterventie. Een sentinel 
(waarschuwende/ beperkte) bloeding (OR 6.6, 95% CI 1.1-38.7) en een extraluminale locatie 
van de bloeding (OR 5.6 95% CI 1.1-29.7) waren onafhankelijke risicofactoren die de indicatie 
tot een spoedinterventie konden voorspellen. Het type interventie, een radiologische of een 
chirurgische interventie, was niet te voorspellen. In de toekomst zal een hybride kamer, waar 
zowel de radiologische interventies als de chirurgische ingrepen kunnen plaatsvinden, een 
uitkomst kunnen bieden om kostbare tijd te besparen.

In hoofdstuk 7 hebben we de toegevoegde waarde van een somatostatine receptor scan (SRS) 
geanalyseerd tijdens de preoperatieve stagering van patiënten met een pNET tussen 2002 en 
2013.  Van de 741 patiënten met een SRS, waren er 62 patiënten met een niet-functionele 
pNET waarbij er zowel een CT-scan als een SRS is gemaakt tijdens de preoperatieve beeld-
vorming. De sensitiviteit om de primaire tumor te detecteren was 95% bij de CT-scan versus 
73% na een SRS. De primaire tumoren die gemist werden op de SRS waren significant kleiner 
(mediaan 23mm) in vergelijking met de tumoren die wel werden gedetecteerd op de SRS 
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(mediaan 36mm). In totaal hadden 13 patiënten metastasen, de sensitiviteit en specificiteit 
voor de CT-scan en SRS bij de detectie van metastasen waren respectievelijk 85-80% en 85-
90%. In 14 patiënten heeft de SRS geleid tot een verandering in de TNM classificatie. Niet al 
deze TNM veranderingen hebben geleid tot een aanpassing van het beleid. Dit was slechts in 
15% (n=9) het geval en hierbij werd het beleid veranderd van potentieel palliatief naar cura-
tief doordat de verdachte levermetastasen niet werden bevestigd. Een SRS is geïndiceerd bij 
verdenking op een pNET groter dan 30mm om de primaire tumor te detecteren en eventuele 
NET metastasen te bevestigen. Ook kan hiermee de mogelijkheid worden bekeken of patiën-
ten in aanmerking komen voor eventuele Peptide Receptor Radionuclide Therapie (PRRT). 
Bij patiënten met kleine tumoren (<30 mm) zonder voor metastase verdachte laesies op de 
CT-scan heeft een SRS weinig toegevoegde waarde. 

In hoofdstuk 8 hebben we de diagnostische accuratesse van CgA geanalyseerd bij 47 patiën-
ten met een “niet functionele” pNET (NF-pNET) zonder metastasen op het moment van de 
diagnose. Bij slechts 10/37 patiënten was het CgA verhoogd tijdens de preoperatieve scree-
ning. Er waren geen verschillen in patiënt karakteristieken tussen de patiënten met of zonder 
verhoogd CgA. Na een gemiddelde follow-up duur van 36 maanden (IQR 16-55 maanden) 
was de CgA data beschikbaar van 28 patiënten. Van deze 28 patiënten hadden 9 patiënten 
een recidief ontwikkeld. De sensitiviteit en specificiteit van CgA in het detecteren van recidief 
ziekte waren respectievelijk 67% en 68%. De positief en negatief voorspellende waarde waren 
50% en 81%. Door de matige accuratesse tijdens zowel de preoperatieve screening als tijdens 
follow-up heeft routinematige screening van CgA een beperkte waarde bij patiënten met een 
NF-pNET zonder metastasen. 

In grote studies naar de lange termijn resultaten na een chirurgische resectie zijn graad 3 
pNETs of patiënten met lever metastasen vaak at risk voor het ontwikkelen van recidief ziek-
te. Over de recidief kansen van patiënten met graad 1 of 2 pNETs is weinig bekend in de 
literatuur. In hoofdstuk 9 hebben we risicofactoren geïdentificeerd die de kans op een re-
cidief kunnen voorspellen bij patiënten met een graad 1 of 2 NF-pNET zonder synchroon 
gemetastaseerde ziekte of genetische syndromen. Twee patiënten waren postoperatief overle-
den waardoor er uiteindelijk 97 patiënten geanalyseerd konden worden. Na een gemiddelde 
follow-up van 57 maanden hadden 23 patiënten een recidief ontwikkeld (24%) en zijn er 13 
patiënten overleden aan de gevolgen van de tumor. De 5-jaar ziekte specifieke overleving was 
96% en de algehele overleving was 91%. Tumor grootte > 2cm (HR 10.5, CI95% 1.4-81.0), 
positieve lymfeklieren in het resectie preparaat (HR 2.9, CI95% 1.2-6.8) en perineurale inva-
sie (5.3, CI95% 2.0-13.6) zijn onafhankelijke risicofactoren voor het ontwikkelen van recidief 
ziekte. We hebben een nomogram ontwikkeld die de kans voorspelt op het ontwikkelen van 
een recidief binnen 5 jaar na de curatieve resectie. Bij een nomogram score van ≥ 14 werden 
patiënten gescoord als “hoog risico patiënten”, omdat bij deze score 50% van de patiënten een 
recidief had ontwikkeld binnen 5 jaar. We hebben het nomogram intern gevalideerd, daarbij 
was de discriminatie 0.788 (CI95%: 0.695-0.881) en de Hosmer Lemeshow chi-square test 
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6.45 (p=0.694). Follow-up programma’s zouden aangepast kunnen worden op basis van deze 
risicofactoren. Hoog risico patiënten hebben mogelijk baat bij een adjuvante behandeling en 
een intensievere follow-up. Patiënten zonder of minimale risicofactoren kunnen minder fre-
quent worden vervolgd. 

TOEKOMSTPERSPECTIEVEN

Ondanks dat het aantal patiënten met een pNET beperkt is, stijgt de incidentie en omvat het 
ongeveer 10% van alle pancreasmaligniteiten2,3. Medische specialisten worden steeds beter 
in het herkennen van de ziekte en er is meer aandacht voor het opstellen en verbeteren van 
de richtlijnen. Dit proefschrift poogt hier aan bij te dragen, met name voor de chirurgische 
behandeling van patiënten met een pNET.  Samenwerking tussen gespecialiseerde ziekenhui-
zen en onderzoeksgroepen is essentieel om te komen tot een betere kwaliteit van zorg voor 
patiënten met een pNET. Uiteindelijk zal de individuele patiënt profiteren van de persoonlijke 
benadering door een behandeling op maat gebaseerd op de behoefte van de patiënt en de 
tumorkarakteristieken. 

Met dit proefschrift hebben we additionele informatie verkregen over de behandeling van 
patiënten met een neuroendocriene tumor van het pancreas. Belangrijke punten zoals eer-
der vermeld in de samenvatting zijn daarbij de preoperatieve stagering, type operatie en het 
follow-up programma. De bepaling van CgA en het maken van een Octreoscan tijdens de 
preoperatieve stagering zijn beide niet altijd nodig bij alle patiënten met pNET. Daarnaast 
moet het type operatie worden aangepast aan de karakteristieken van de patiënt en de tumor. 
Tenslotte kan er een follow-up programma worden gemaakt gebaseerd op risicoprofielen. 

Zoals beschreven in hoofdstuk 9 is de 5-jaars overleving na chirurgische resectie 91%. Het zal 
een uitdaging worden om deze overleving te verbeteren in de toekomst, met name omdat de 
patiëntenaantallen laag zijn. Toch is het waarschijnlijk mogelijk middels een nomogram, zoals 
beschreven in hoofdstuk 9, hoog risico patiënten te identificeren. Het opgestelde nomogram 
voor het bepalen van de recidief kans moet eerst in andere centra verder worden gevalideerd 
waarna een gerandomiseerd onderzoek kan plaatsvinden met een adjuvante behandeling met 
geringe toxiciteit zoals bijvoorbeeld de PRRT met bijvoorbeeld radioactief Lutaat.

Toekomstig onderzoek bij patiënten met een pNET zal zich moeten focussen op gepersona-
liseerde zorg en dan met name op het genetische profiel van de patiënten. In onze patiënten-
groep is de klinische data zoals eerdere behandeling, tumor gradering en follow-up bekend. 
De volgende stap is om deze data te combineren met de genetische gegevens. Dit zal de moge-
lijkheden rondom een persoonlijke behandeling vergroten. Bij patiënten met een pNET zijn 
er andere genen gemuteerd in vergelijking met patiënten met een pancreas adenocarcinoom, 
zie tabel 1. De belangrijkste mutaties bij patiënten met pNET zijn MEN1, DAXX, ATRX en 
genen die betrokken zijn bij de PI3K/mTOR cascade4. Deze genen zijn betrokken bij de cel-
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groei, proliferatie, apoptose en celoverleving5. Verschillende combinaties van mutaties zoals 
DAXX or ATRX zijn geassocieerd met een betere prognose terwijl andere mutaties leiden tot 
een verhoogde kans op maligne ontaarding6.  

Genen Pancreas 
neuroendocriene tumor

Pancreas
adenocarcinoma

KRAS 0% 100%

TP53 3% 85%

CDKN2A 0% 25%

TGFBR1/SMAD3/SMAD4 0% 38%

MEN1 44% 0%

DAXX/ARTX 43% 0%

mTOR 15% 0.8%

Tabel 1  gemuteerde genen bij patiënten met een pancreas neuroendocriene tumor en adenocarcinoom4

Bij patiënten met resectabele ziekte zonder metastase zijn er ook verschillen in prognose. 
Mogelijk worden deze verschillen veroorzaakt door een verschil in het genetische profiel. In 
hoofdstuk 9 hebben we al risicofactoren geïdentificeerd voor recidief ziekte, maar de genet-
ische factoren zijn hierbij niet meegenomen. De volgende stap is het bepalen van het gene-
tische profiel in de groep patiënten met resectabele ziekte zonder metastase. Dit profiel kan 
impact hebben op zowel de (adjuvante) behandeling als follow-up.

In ongeveer 15% van de patiënten met pNET een mutatie te vinden in de mTOR cascade. 
Medicijnen zoals Everolimus en Sunitinib hebben invloed op deze mTOR cascade. Echter, in 
de RADIANT-3 studie hebben veel meer dan 15% van de patiënten baat bij de behandeling 
van Everolimus7. Waarschijnlijk zijn er nog andere (onbekende) mechanismen betrokken bij 
het effect van Everolimus. De gegevens over de genetische status en het effect van Everolimus/
Sunitinib zal nog verder moeten worden onderzocht voordat het kan worden gebruikt in de 
dagelijkse praktijk8. Hierdoor kan het aantal patiënten dat geen klinisch effect zal hebben van 
de behandeling worden verlaagd en worden de kosten van het onnodig behandelen beperkt4.

Daarnaast kunnen patiënten op basis van hun genetische profiel worden ingedeeld in een 
laag en hoog risico groep waarbij patiënten met een hoog risico frequenter vervolgd die-
nen te worden dan patiënten met een laag risico. Echter, deze intensievere follow-up waarbij 
het recidief waarschijnlijk ook eerder zal worden gevonden, zou ook moeten leiden tot een 
betere kwaliteit van leven en een verbetering in overleving. De eerste stap is om een uniform 
follow-up programma te maken, gebaseerd op risicoprofielen. Daarna kan het effect van het 
(minder) intensieve follow-up programma worden geëvalueerd. 
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