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Epidemiology
• Age-adjusted incidence 0.52/100.000 (2004-2012)

– Pancreatic adenocarcinoma: 7.34/100.000

• Median age at diagnosis: 60 years
• Slight majority of males, females slightly more often operated

• Increasing prevalence:
– Increased awareness among clinicians
– Well defined histological and immunohistochemical criteria
– Increased use and availability of imaging

Yadav, S., Sharma, P. & Zakalik, D. Comparison of Demographics, Tumor Characteristics, and Survival between Pancreatic Adenocarcinomas and Pancreatic Neuroendocrine Tumors: A Population-based Study. Am. J. Clin. 
Oncol. 41, 485–491 (2018).
Fraenkel, M., Kim, M. K., Faggiano, A. & Valk, G. D. Epidemiology of gastroenteropancreatic neuroendocrine tumours. Best Pract. Res. Clin. Gastroenterol. 26, 691–703 (2012)
Halfdanarson, T. R., Rubin, J., Farnell, M. B., Grant, C. S. & Petersen, G. M. Pancreatic endocrine neoplasms: Epidemiology and prognosis of pancreatic endocrine tumors. Endocr. Relat. Cancer 15, 409–427 (2008).
Rindi, G. et al. Competitive testing of the WHO 2010 versus the WHO 2017 grading of pancreatic neuroendocrine neoplasms: Data from a large international cohort study. Neuroendocrinology 107, 375–386 (2019).



Incidence in the Netherlands per 100.000

Integraal Kankercentrum Nederland. 25-02-2019. https://www.cijfersoverkanker.nl/selecties/dataset_2/img5c73b9f244dd9?language=en



Time trend of pNET surgery 1990-2015
High volume institution: 587 consecutive cases

Landoni, L. et al. The Evolution of Surgical Strategies for Pancreatic Neuroendocrine Tumors (Pan-NENs). Ann. Surg. 1 (2017). doi:10.1097/SLA.0000000000002594



Pancreatic NETs
• Functioning

– Insulinoma: 1-32 per 1.000.000
– Gastrinoma/ Zollinger Ellison Syndrome: 1-22 per 1.000.000
– Rare functioning pNETs: >100 cases

• VIPoma, Glucagonoma, Ssoma, GRHoma, ACTHoma, PTHrPoma
– Very rare functioning pNETs (1-5 cases)

• pNETs secreting: renin, erythropoietin, IGF-2, CCK, GLP-1

• Non-Functioning pNETs (NF-pNETs)
– Tumors without clinical symptoms of hormonal hypersecretion
– Most common pNETs

Falconi, M. et al. ENETS consensus guidelines for the management of patients with digestive neuroendocrine neoplasms of the digestive system: Well-differentiated pancreatic 
non-functioning tumors. Neuroendocrinology 95, 120–134 (2012).



pNETs associated with hereditary
syndromes
• Multiple endocrine neoplasia type 1 (MEN1) 

– 80-100%
– Penetrance 80% by age of 80 years
– Non-functioning pNETs > functioning pNETs

• Von Hipple Lindau (VHL) 
– 10-17%
– 98% non-functioning pNETs

• Neurofibromatosis 1 (NF-1) 
– 0-10%

• Tuberous sclerosis (TSC)
– Uncommon

Jensen, R. T., Berna, M. J., Bingham, D. B. & Norton, J. A. Inherited pancreatic endocrine tumor syndromes: Advances in molecular pathogenesis, diagnosis, management, and controversies. 
Cancer 113, 1807–1843 (2008).
Triponez, F. et al. Epidemiology Data on 108 MEN 1 Patients From the GTE With Isolated Nonfunctioning Tumors of the Pancreas. Ann. Surg. 243, 265–272 (2006).
de Laat, J. M. et al. MEN1 redefined, a clinical comparison of mutation-positive and mutation-negative patients. BMC Med. 14, 182 (2016).



The endocrine pancreas - differentiation

Bardeesy, N. & DePinho, R. A. Pancreatic cancer biology and genetics. Nat. Rev. Cancer 2, 897–909 (2002).
Mfopou, J. K., Chen, B., Sui, L., Sermon, K. & Bouwens, L. Recent advances and prospects in the differentiation of pancreatic cells from human embryonic stem cells. Diabetes 59, 2094–2101 
(2010).



Non-functioning pNETs (NF-pNETs)
• Mainly asymptomatic

– Therefore screening in patients with hereditary syndromes
• Clinically apparent:

– Compression
– Invasion of adjacent organs
– Metastasis

• Symptoms:
– Abdominal pain (35-78%)
– Weight loss (20-35%)
– Anorexia and nausia (45%)

• 32% metastases at diagnosis
• Stage I (5%), stage II (15%), stage III (22%) and stage IV (55%)

Falconi, M. et al. ENETS consensus guidelines for the management of patients with digestive neuroendocrine neoplasms of the digestive system: Well-differentiated pancreatic 
non-functioning tumors. Neuroendocrinology 95, 120–134 (2012).



Work-up sporadic NF-pNETs

Falconi, M. et al. ENETS Consensus Guidelines Update for the Management of Patients with Functional Pancreatic Neuroendocrine Tumors and Non-Functional 
Pancreatic Neuroendocrine Tumors. Neuroendocrinology 103, 153–171 (2016).

Presenter
Presentation Notes
Bedenken wat het belangrijkste isCgA: Useful for diagnosing in a fraction of patientsHelpful in evaluating treatment reponse/FUImaging: MRI hogere sensitiviteit, maar CT gebruikt voor preoperatieve staging (daarnaast CT vaak als diagnosticum gebruikt)EUS: biopsy:  aanwezigheid pNET (chromogranine A + synaptofysine), maar ook WHO graad (lijkt oké overeen te komen, maar niet altijd)SRS: eigenlijk matig (maar nu nog in VS), Ga68 gebruiken. Chirurgie’: 2cm criterium begonnen bij MEN1 (Triponez), maar ook voor sporadisch. Maar nog controverse over iedereen <2cm FU, en zo ja, hoe vaak FU?Staat ook in paper over unmet needs. 



Screening for NF-pNETs in MEN1
Current guidelines and recent insights

Thakker, R. V et al. Clinical practice guidelines for multiple endocrine neoplasia type 1 (MEN1). J. Clin. Endocrinol. Metab. 97, 2990–3011 (2012).
van Treijen, M. J. C., van Beek, D.-J., van Leeuwaarde, R. S., Vriens, M. R. & Valk, G. D. Diagnosing Nonfunctional Pancreatic NETs in MEN1: The Evidence Base. J. Endocr. 
Soc. 2, 1067–1088 (2018).

Thakker 2012:
• Annual plasma biochemical evaluation
• Annual pancreatic visualization with MRI, CT or EUS.

Systematic review 2018:
• Biomarkers should no longer play a role 
• EUS highest sensitivity

– Combined strategy of EUS and MRI most useful
• Ga68-labelled PET/CT could be added to identify metastases



Preoperative localization and staging
• PET/CT + 68 Ga-labeled somatostatin analogues

– Highest sensitivity: 86-100%
– High specificity: 79-100% 

• 68 Ga-labeled somatostatin analogues:
– Change of management (surgical, medical, staging) in 20–

55% of all patients

• FDG PET might be considered for risk stratification
– Further evidence is demanded

Falconi, M. et al. ENETS Consensus Guidelines Update for the Management of Patients with Functional Pancreatic Neuroendocrine Tumors and Non-Functional 
Pancreatic Neuroendocrine Tumors. Neuroendocrinology 103, 153–171 (2016).
Jensen, R. T. et al. Unmet needs in functional and nonfunctional pancreatic neuroendocrine neoplasms. Neuroendocrinology 108, 26–36 (2019).



Surgical indications NF-pNETs
• NF-pNETs ≥ 2cm (< 2cm low risk lesions) 
• Presence of (lymph node) metastases
• Symptomatic NF-pNETs
• Yearly increase in size of > 0.5 cm

Falconi, M. et al. ENETS consensus guidelines for the management of patients with digestive neuroendocrine neoplasms of the digestive system: Well-differentiated 
pancreatic non-functioning tumors. Neuroendocrinology 95, 120–134 (2012).
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Several studies have explored the safety and feasibility of a non-operative management for asymptomatic spo- radic NF-P-NETs ≤ 2 cm, especially when a major pan- creatic resection is required. A conservative approach seems to be safe as the majority of the observed tumors did not show any significant changes during follow-up [37, 166, 167] .Recent data have advocated for extended surgical re- section of advanced P-NETs [149, 169] . In this context, a simultaneous surgical resection of liver metastases and primary tumor could be performed with low mortality and morbidity rates as suggested in a recent small study [169] . However, simultaneous pancreaticoduodenecto- my and major hepatectomy should be avoided due to the high morbidity and mortality rates [169] .



Surgical considerations
• Patients: relatively young with an acceptable prognosis
• Location of pNET:

– Head: pancreaticoduodenectomy
– Body/tail: distal pancreatectomy (± splenectomy) 

• Typical vs atypical resections:
– Typical: high risk of complications and pancreatic insufficiency
– Atypical: high risk of pancreatic fistulas, decreased risk of insufficiency

• Middle pancreatectomy: small tumors of pancreatic body
• Enucleation: safe distance to main pancreatic duct

• Radicality of resection
• Lymph node resection

– A routine dissection and harvesting of lymph nodes should be performed
– Usually not performed in case of atypical resections

• Atypical resections recommended for demarcated and small NF-pNET (low-risk pNETs)
Falconi, M. et al. ENETS consensus guidelines for the management of patients with digestive neuroendocrine neoplasms of the digestive system: Well-differentiated pancreatic non-functioning tumors. Neuroendocrinology 95, 120–134 (2012).
Falconi, M. et al. ENETS Consensus Guidelines Update for the Management of Patients with Functional Pancreatic Neuroendocrine Tumors and Non-Functional Pancreatic Neuroendocrine Tumors. Neuroendocrinology 103, 153–171 (2016).
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Short- and long-term sequelae of pancreatic resectionsTypical vs atypical resections:Typical: high risk of complications and pancreatic insufficiency Atypical: high risk of pancreatic fistulas, decreased risk of insufficiency Atypical resections recommended for demarcated and small NF-pNETsMiddle pancreatectomy: small tumors of pancreatic bodyEnucleation: safe distance to main pancreatic ductRadical resection Tissue preservation techniquesPatients generally younger at diagnosisPrognosis of pNETs better than adenocarcinomasLymph node resections: “In patients with non-insulinoma P-NETs at the time of surgery, a routine dissection and harvesting of possible involved lymph nodes should be performed.” 



Routine lymph node dissection?
• Depending on nodal-status, enucleation alone may not be 

oncologically appropriate.
• Lymph node metastases in 38% (mean 2.9 ± 2.5 +lnn) and 24% (1-11)

Hashim, Y. M. et al. Regional Lymphadenectomy Is Indicated in the Surgical Treatment of Pancreatic Neuroendocrine Tumors (PNETs). Ann. Surg. 259, 197–203 (2014).
Postlewait, L. M. et al. Pancreatic neuroendocrine tumors: Preoperative factors that predict lymph node metastases to guide operative strategy. J. Surg. Oncol. 114, 440–445 (2016).



Preoperative predictors of lymph node metastases

Hashim, Y. M. et al. Regional Lymphadenectomy Is Indicated in the Surgical Treatment of Pancreatic Neuroendocrine Tumors (PNETs). Ann. Surg. 259, 197–203 (2014).
Postlewait, L. M. et al. Pancreatic neuroendocrine tumors: Preoperative factors that predict lymph node metastases to guide operative strategy. J. Surg. Oncol. 114, 440–445 (2016).

Hashim et al. (2014)Postlewait et al (2016)
• Male gender (OR 3.2 (1.2 – 8.5)
• Head tumor (OR 5.4 (2.1 – 14.0)
• Tumor size ≥ 2 cm (OR 6.5 (1.8 –

24.3)



What do we know of MEN1 patients?

Dutch MEN Study Group:
• 61 NF-pNET resections:

– Mainly enucleations (20%) and distal pancreatectomies (56%)
– Major resections: Whipple/PPPD (6%) and total pancreatectomy (8%)
– Combination: 10%

• 33% major early Clavien Dindo grade III/IV complications
– Majority ISGPS grade B/C pancreatic fistula

• 23% endocrine or exocrine insufficiency

Nell, S. et al. Early and Late Complications after Surgery for MEN1-related Nonfunctioning Pancreatic Neuroendocrine Tumors. Ann. Surg. 267, 352–356 (2018).

Presenter
Presentation Notes
The high rates of pancreatic fistulas were explained by the very soft texture of the MEN1 pancreas.22We could not determine from current data if the high incidence of fistulas were directly MEN1-related or if they are secondary to the MEN1-related soft pancreas.



Surgical advances
• Minimally invasive techniques

– Laparoscopic
– Robot-assisted

• Safe modality for treatment of pNETs
• Lower complication rate compared to open technique
• Malignant pNETs: not associated with comprise in oncologic

resection
• Decreased postoperative pain, better cosmetic results, shorter

hospital stay and shorter postoperative period
• Future RCT’s should compare minimally invasive and open

Fernandez Ranvier, G. G., Shouhed, D. & Inabnet, W. B. Minimally Invasive Techniques for Resection of Pancreatic Neuroendocrine Tumors. Surg. Oncol. Clin. N. Am. 25, 195–215 (2016).
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Postoperative complications
• Pancreatic surgery related complications

– Pancreatic Fistulas
– Delayed Gastric Emptying
– Post-pancreatecomy hemorrhage
– Chyle leak

• General complications
– Pneumonia

Bassi, C. et al. The 2016 update of the International Study Group (ISGPS) definition and grading of postoperative pancreatic fistula: 11 Years After. Surg. (United States) 161, 584–591 (2017).
Wente, M. N. et al. Delayed gastric emptying (DGE) after pancreatic surgery: A suggested definition by the International Study Group of Pancreatic Surgery (ISGPS). Surgery 142, 761–768 (2007).
Wente, M. N. et al. Postpancreatectomy hemorrhage (PPH)–An International Study Group of Pancreatic Surgery (ISGPS) definition. Surgery 142, 20–25 (2007).
Besselink, M. G. et al. Definition and classification of chyle leak after pancreatic operation: A consensus statement by the International Study Group on Pancreatic Surgery. Surg. (United States) 161, 365–
372 (2017).
Dindo, D., Demartines, N. & Clavien, P.-A. Classification of Surgical Complications. A New Proposal With Evaluation in a Cohort of 6336 Patients and Results of a Survey. Ann. Surg. 240, 205–213 (2004).



Complications rates – Systematic Review (2016)
• 2000-2013; 62 studies included -> 26 complication data 
• Data scored according to International Study Group of 

Pancreatic Surgery (ISGPS) (if possible)

• Complications in literature not systematically addressed
Jilesen, A. P. J., Eijck, C. H. J. Van, H, K. & Dieren, H. S. Van. Postoperative Complications , In-Hospital Mortality and 5-Year Survival After Surgical Resection for 
Patients with a Pancreatic Neuroendocrine Tumor : A Systematic Review. World J. Surg. 40, 729–748 (2016).

Enucleation Distal
pancreatectomy

Whipple Central 
pancreatectomy

Pancreatic fistula 45% 14% 14% 58%

Delayed gastric emptying 5% 5% 18% 16%

Postoperative hemorrhage 6% 1% 7% 4%

In-hospital mortality 3% 4% 6% 4%



Comparison of different resections for pNETs
• 2 tertiary centers the Netherlands 1992-2013
• Enucleation (29%), Whipple/PPPD (31%), distal

pancreatectomy (35%), central pancreatectomy (4%)

• Complication rates, need for re-interventions and 
readmissions were comparable for all resections

Jilesen, A. P. J. et al. Postoperative Outcomes of Enucleation and Standard Resections in Patients with a Pancreatic Neuroendocrine Tumor. World J. Surg. 40, 715–728 (2016).



Pancreatic fistula: pNET vs other diseases
• Marburg, Germany : N=473 (133 pNET)

• Amsterdam UMC, the Netherlands: N=832 (88 pNET)
– High rates of POPF were found in patients operated for PNET. 
– Atypical resections were performed more frequently in these patients.
– Multivariable analysis: pNET not associated with POPF.

Fendrich, V. et al. Neuroendocrine pancreatic tumors are risk factors for pancreatic fistula after pancreatic surgery. Dig. Surg. 28, 263–269 (2011).
Atema, J. J. et al. Pancreatic fistulae after pancreatic resections for neuroendocrine tumours compared with resections for other lesions. Hpb 17, 38–45 (2015).



Postoperative pancreatic fistula
• pNETs high risk population for severe fistulas (grade B/C)
• 10-point Fistula Risk Score

Callery, M. P., Pratt, W. B., Kent, T. S., Chaikof, E. L. & Vollmer, C. M. A prospectively validated clinical risk score accurately predicts pancreatic fistula after 
pancreatoduodenectomy. J. Am. Coll. Surg. 216, 1–14 (2013).



• 76 pNET resections
• Mean age: 54 years (± 14)
• Male vs female: 49 vs 51%
• ASA 2: 57%
• Approach:

– Open: 54 (71%)
– Robot-assisted: 19 (25%)
– Conversion: 3 (4%)

• Procedures:
– Whipple/PPPD: 29 (38%)
– Distal pancreatectomy: 31 

(41%)
– Enucleation: 5 (7%)
– Total pancreatectomy: 4 

(5%)
– Combination: 7 (9%)

Utrecht pNET experience 2008-2019



Utrecht experience 2008-2019
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Histopathological examination 
• AJCC, WHO 2010 and ENETS TNM classification/grading 

systems independent predictors of survival
– ENETS TNM superior to the AJCC/WHO 2010 classification

• pNETs should be classified and graded using the WHO 2010 
classification and grading system

• Presence of somatostatin receptor type 2 (SSTR2)
– Future therapy

Falconi, M. et al. ENETS Consensus Guidelines Update for the Management of Patients with Functional Pancreatic Neuroendocrine Tumors and Non-Functional 
Pancreatic Neuroendocrine Tumors. Neuroendocrinology 103, 153–171 (2016).
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Immunostaining with general neuroendocrinemarkers (synaptophysin and CgA) establishes theneuroendocrine nature of the tumor [86, 87] . A variety ofprognostic or treatment-related biomarkers (i.e. CK19)has been investigated, and some may have significantutility in the future, but currently, are not recommendedto be routinely used outside of specific research settings[86] . According to the WHO classification the diagnosticreport should include: (1) the histological classification ofthe lesion (as NET or NEC, small or large cell type), (2)the grade (G1, G2 or G3), (3) the relevant TNM stage (accordingto ENETS and UICC 2009), and (4) and expressionof hormones, transcription factors or somatostatinreceptors. The examination of the latter factors is optionaland may be performed in order to establish functionalactivity, help to find the primary (in case of a CUP) and/or to identify somatostatin receptors for diagnosis andtherapy of NETs [1] .



TNM Staging



Poorly differentiated NEC:
• Solid or organoid structure
• Extensive necrosis
• Severe cytological atypia
• Small size cell with thin rim of cytoplasm

(small cell type)
• Abundant eosinophilic cytoplasm (large 

cell type)
• Large nuclei with salt + peper chromatin
• Inconspicuous nucleoli (small cell type)
• Conspicuous nucleoli (large cell type)

WHO grade 2017 definition

Rindi, G. et al. Competitive testing of the WHO 2010 versus the WHO 2017 grading of pancreatic neuroendocrine neoplasms: Data from a large international cohort study. 
Neuroendocrinology 107, 375–386 (2019).



NET G3:
• Organoid and trabecular architecture
• Regular intratumoral vascular pattern
• Abundant granular cytoplasm
• Stippled nuclei
NEC G3 (small cell): 
• Stromal desmoplasia
• Tumor necrosis
• Fusiform nuclei lacking nucleoli
NEC G3 (large cell):
• Tumor necrosis
• Expansile and irregular nests
• Rosettes/tubular structures in large nests

Tang, L. H., Basturk, O., Sue, J. J., & Klimstra, D. S. (2016). A Practical Approach to the Classification of WHO Grade 3 (G3) Well-differentiated Neuroendocrine Tumor (WD-NET)
and Poorly Differentiated Neuroendocrine Carcinoma (PD-NEC) of the Pancreas. The American journal of surgical pathology, 40(9), 1192-202.



Validation of staging systems
• 2102 patients from 18 expert centers
• Resection of pNET with at least 2 years of follow-up
• Staging according to WHO 2010 and 2017
• Outcome: (time to) tumor-related death or recurrence

OS -> <- Event-free 

Rindi, G. et al. Competitive testing of the WHO 2010 versus the WHO 2017 grading of pancreatic neuroendocrine neoplasms: Data from a large international cohort study. 
Neuroendocrinology 107, 375–386 (2019).

Presenter
Presentation Notes
Rindi et al. 



WHO 2010 versus 2017
2010:

OS -> <- Event-free

2017: 

Rindi, G. et al. Competitive testing of the WHO 2010 versus the WHO 2017 grading of pancreatic neuroendocrine neoplasms: Data from a large international cohort study. 
Neuroendocrinology 107, 375–386 (2019).



WHO 2010 versus 2017
• NET G3 were not statistically different from NEC in both OS and 

EFS in univariable analysis
– Low statistical power

• Both grading systems equally effective after adjusting for
confounders

• In multivariable analysis, overall survival significantly worse for
NEC compared to NET G3
– In line, NET G3 more agressive than G2

• Clinically difficult to direct to NET G3 or NEC classes

Rindi, G. et al. Competitive testing of the WHO 2010 versus the WHO 2017 grading of pancreatic neuroendocrine neoplasms: Data from a large international cohort study. 
Neuroendocrinology 107, 375–386 (2019).
Tang, L. H., Basturk, O., Sue, J. J., & Klimstra, D. S. (2016). A Practical Approach to the Classification of WHO Grade 3 (G3) Well-differentiated Neuroendocrine Tumor (WD-NET)
and Poorly Differentiated Neuroendocrine Carcinoma (PD-NEC) of the Pancreas. The American journal of surgical pathology, 40(9), 1192-202.



Postoperative follow-up regimen
• CgA and CT/MRI: every 3-9 months in WHO grade 1 & 2

– Stable disease: increase interval 
• Positive CT/MRI: somatostatin receptor imaging (Ga68)

– Repeat every 2 years
– Repeat earlier in case of suspected progression

Falconi, M. et al. ENETS consensus guidelines for the management of patients with digestive neuroendocrine neoplasms of the digestive system: Well-differentiated pancreatic 
non-functioning tumors. Neuroendocrinology 95, 120–134 (2012).



Overall survival in patients without liver metastases
• 5-year overall survival and disease-specific survival after 

surgery: 85 (78-90%) and 93% (88-96%).
– Retrospective studies
– Prospective studies too heterogeneous to be pooled



Predictors of progression free survival

Landoni, L. et al. The Evolution of Surgical Strategies for Pancreatic Neuroendocrine Tumors (Pan-NENs). Ann. Surg. 1 (2017). doi:10.1097/SLA.0000000000002594

• G1: 94.7% likelihood of being progression-free at 5 years
• G2: 65% likelihood of being progression-free at 5 years

• Functioning G1 N0 without vascular invasion: 5yr PFS 100%



Landoni et al. (2017)
• Tumor grade (2): HR 7.3 (3.8 

– 14.4)
• Perineural invasion: HR 3,9 

(2.1 – 7.1)

• Sex, vascular invasion, N-
status, tumor size >2cm not
significant in multivariable
analysis

Ceng et al. (2018)
• Tumor grade (2): HR 4.1 (1.9 –

8.8)
• Positive lymph nodes: HR 2.4 

(1.2 – 5.1)
• Perineural invasion: HR 2.4 

(1.1 – 5.1)

• Age, size, radicality, vascular
invasion not significant in 
multivariable analysis

Recurrence in grade 1 and 2 NF-pNETs

Landoni, L. et al. The Evolution of Surgical Strategies for Pancreatic Neuroendocrine Tumors (Pan-NENs). Ann. Surg. 1 (2017). doi:10.1097/SLA.0000000000002594
Genç, C. G. et al. A New Scoring System to Predict Recurrent Disease in Grade 1 and 2 Nonfunctional Pancreatic Neuroendocrine Tumors. Ann. Surg. 267, 1148–1154 (2018).



Progrssion free survival in grade 1 and 2 
NF-pNETs

Landoni, L. et al. The Evolution of Surgical Strategies for Pancreatic Neuroendocrine Tumors (Pan-NENs). Ann. Surg. 1 (2017). doi:10.1097/SLA.0000000000002594



Advanced/metastatic disease
• Surgery:

– Locoregional control
– Liver metastases:

• Resection of single metastases
• Ablative therapies

– Hepatic arterial (chemo)embolization
– RFA

• Medical: 
– Somatostatin analogues
– Chemotherapy

• PRRT



ENETS treatment algoritm advanced disease: surgery

Pavel, M. et al. ENETS consensus guidelines update for the management of distant metastatic disease of intestinal, pancreatic, bronchial neuroendocrine neoplasms (NEN) 
and NEN of unknown primary site. in Neuroendocrinology 103, 172–185 (2016).



Surgical opportunities for liver metastases

Falconi, M. et al. ENETS consensus guidelines for the management of patients with digestive neuroendocrine neoplasms of the digestive system: Well-differentiated pancreatic 
non-functioning tumors. Neuroendocrinology 95, 120–134 (2012).



Surgical opportunities for liver metastases

Pavel, M. et al. ENETS consensus guidelines update for the management of distant metastatic disease of intestinal, pancreatic, bronchial neuroendocrine neoplasms (NEN) 
and NEN of unknown primary site. in Neuroendocrinology 103, 172–185 (2016).



Conclusion
• pNETs are increasingly diagnosed
• Surgery is the cornerstone for treatment of functioning pNETs and NF-

pNETs ≥ 2cm
– NF-pNETs < 2cm should be carefully followed
– Screening intervals have to be established

• Nevertheless, surgery is associated with a substantial risk of 
complications

• Tailoring of surgical indications could be guided by WHO grade
• Substantial advances in the field of minimal invasive surgery which

seems safe and feasible for pNETs



Questions?



Future research perspectives
• DAXX/ATRX
• Individual risk stratification
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