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Introduction

Multiple endocrine neoplasia type 1 (MEN1) is one of 
the most common familial cancer syndromes. MEN1 
is an autosomal dominant hereditary syndrome caused 
by a germline mutation in the MEN1 tumor suppressor 
gene. It has a prevalence of 2-3 per 100,000 (1). MEN1 is 
characterized by the occurrence of tumors in the parathyroid 
glands, neuroendocrine tumors (NETs) in the pancreatic 
islets and gastrointestinal tract, the anterior pituitary, and less 
commonly in the thymus, lung and bronchus, and the adrenal 
cortex. 

Although the most common manifestation of MEN1 
is the development of primary hyperparathyroidism, most 
morbidity and mortality in patients with MEN1 results 

from NETs involving the gastrointestinal tract, pancreatic 
islets, bronchus and thymus, which have malignant potential 
(2,3). Thus, once a diagnosis of MEN1 is established in an 
individual based on clinical manifestations and/or genetic 
testing results, an active surveillance program is instituted 
for early detection and treatment of MEN1-associated 
disease, especially for tumor sites with malignant potential 
such as gastrointestinal and pancreatic NETs (4). Clinical 
practice guidelines have been developed for surveillance and 
screening for MEN1-associated tumors and include clinical, 
biochemical and imaging studies, which often depend 
on local expertise and resources that are available at each 
institution (4).

However, there is limited data on the most accurate 
methods for management of gastrointestinal and pancreatic 
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neuroendocrine tumors (PNETs) in patients with MEN1, 
which account for a significant proportion of MEN1-
related morbidity and mortality (2,5).

Furthermore, with the current screening protocols 
pancreatico-duodenal NETs are discovered very early in 
the disease process. Many small, less than 1 cm pancreatico-
duodenal tumors are discovered in patients with MEN1, 
with the controversy as to surgically treat these small lesions 
discovered during routine follow-up and when best to 
intervene. Here we present a review of the current literature 
on the management of PNETs.

Clinical presentation and diagnosis of PNETs in 
patients with MEN1

The diagnosis of MEN1 is made based on (I) the presence 
of primary hyperparathyroidism combined with anterior 
pituitary tumor and/or gastrointestinal and PNETs; (II) a 
diagnosis of primary hyperparathyroidism combined with a 
diagnosis of MEN1 in at least one first-degree relative; or 
(III) a positive germline mutation in the MEN1 gene. All 
patients should undergo screening and surveillance tests for 
other manifestations of MEN1 as per published guidelines 
(Table 1) (4,6). 

Patients with MEN1 have follow-up with laboratory 
and imaging evaluations, as well as endoscopy and pH 
measurement to screen for primary hyperparathyroidism, 
kidney stones, Zollinger-Ellisson Syndrome (ZES), gastric 
and duodenal ulcers, bone density loss (DEXA scan), 
pituitary tumors, pancreatic and gastrointestinal NETs. 

The incidence of PNETs in patients with MEN1 varies 
between 30-80% in different studies (6-9). Those tumors 
are classified as hormonally active or non-functional (NF) 
and either secrete excessive amounts of hormones (gastrin, 
insulin or vasoactive intestinal peptide) which are associated 
with specific clinical syndromes; or some tumors may not 
be associated with clinical symptoms (such as pancreatic 

polypeptide) or entirely be non-secretory (NF). Usually 
PNETs have an earlier onset in patients with MEN1 than 
in patients without MEN1 (3,10) and their hallmark is 
multiplicity in contrast to solitary sporadic PNETs. They 
are classified into three grades based on proliferation rate 
according to the European Neuroendocrine Tumor Society 
and the World Health Organization grading system (11,12).

Gastrin-secreting tumors (gastrinomas) are associated 
with increased gastric acid production and recurrent peptic 
ulceration. These tumors represent more than 50% of all 
neuroendocrine pancreatico-duodenal tumors in patients 
with MEN1 (13,14). Gastrinomas frequently appear as 
small (<5 mm), multiple nodular lesions arising from the 
duodenal mucosa. They grow slowly but can metastasize 
to the peripancreatic lymph nodes and the liver. They are 
rarely found to arise from the pancreas. The diagnosis is 
established by demonstrating an increased fasting serum 
gastrin concentration associated with increased gastric 
acid secretion (gastric pH). Ultrasonography, endoscopic 
ultrasonography (EUS), CT, MRI, selective arterial 
angiography and somatostatin receptor scintigraphy are all 
used for localization of tumors (15).

Insulinomas are the most common cause of endogenous 
hyperinsulinemic hypoglycemia in non-diabetic adult 
patients, with an incidence of 1-3 per million per year (16). 
They are most commonly localized in the pancreas and 
approximately 4-6% are associated with MEN1; 85% are 
solitary and 6-13% are multiple (16,17). More than 90% 
of insulinomas are benign. Patients present clinically with 
the Whipple triad: symptoms of hypoglycemia, low blood 
glucose (<40-50 mg/dL), and relief of symptoms after the 
administration of glucose (18). The gold standard for the 
diagnosis of insulinoma is a 48-hour supervised fast with 
negative levels for beta-hydroxybutyrate and sulfonylurea 
and using a point of discrimination for proinsulin  
of ≥22 pmol/L (19). Due to their small size (82% <2 cm, 
47% <1 cm), insulinomas are difficult to localize (16). US, 

Table 1 Suggested biochemical and radiological screening in individuals at high risk of developing MEN1 associated PNETs

Pancreatic NET Age to begin (year) Biochemical test (plasma or serum) annually Imaging test (time interval)

Gastrinoma 20 Gastrin (gastric pH) None

Insulinoma 5 Fasting glucose, insulin None

Other pancreatic NET <10 Chromogranin A, pancreatic polypeptide, 

glucagon, VIP

MRI, CT, or EUS (annually)

MEN1, multiple endocrine neoplasia type 1; PNETs, pancreatic neuroendocrine tumors; EUS, endoscopic ultrasound; VIP, 

vasoactive intestinal peptide. Adapted from Thakker et al. (4). 
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CT and MRI are widely used and EUS is positive in 70-
95% of cases (20). Selective angiography with intra-arterial 
calcium stimulation and hepatic venous sampling for insulin 
levels localizes >80% of insulinomas (21,22), and with 
intraoperative US improves success rate of surgery. 

Glucagonomas occur in fewer than 3% of patients 
with MEN1. The clinical manifestations are a skin rash 
(necrolytic migratory erythema), weight loss and anemia. 
Their most frequent location is the tail of the pancreas and 
they are often metastatic at the time of diagnosis.

Tumors secreting vasoactive intestinal peptide are rare in 
MEN1 and patients develop watery diarrhea, hypokalemia 
and achlorhydria. The diagnosis is established when 
elevated plasma VIP levels are associated with excess stool 
volume of 0.5-1 liters/day during a fast. VIPomas are also 
frequently located in the pancreatic tail.

The natural history of NF-PNETs in patients with 
MEN1 is not well established. NF-PNETs are not associated 
with any clinical syndrome and include cases with elevated 
pancreatic polypeptide or glucagon but no symptoms. With 
increasing sensitivities of radiological screening, especially 
using EUS, more small NF-PNETs are currently diagnosed 
(Figure 1). They are usually indolent and demonstrate slow 
growth, with a doubling time of 5-10 years (23). In a study 
using EUS for detection, up to 55% of patients with MEN1 
presented with NF-PNETs (8). Estimated 10-year survival 
rates of 23-62% have been reported (24,25), whereas in a 
more recent study, this was as high as 100% (26).

The identification of these NF-PNETs is of clinical 
importance because, malignant PNETs are reported to be 
the most common cause of death in patients with MEN1 (3,5), 
second, they seem to be the most common enteropancreatic 

NET associated with MEN1 and associated with worse 
prognosis than other functioning tumors such as insulinoma 
and gastrinoma (8). Third, the absence of clinical and 
biochemical abnormalities may delay diagnosis. Therefore 
the radiological screening for NF-PNETs in MEN1 should 
begin by the age of 10 years (Table 1) (4).

Management of PNETs in patients with MEN1

There is some controversy concerning the management 
of MEN1 associated gastrinoma. Medical management is 
aimed at reducing basal acid output. The goal of surgery 
in patients with MEN1-associated gastrinomas is to reduce 
the risk of distant metastases and improve survival. Their 
prognosis has been associated with tumor size and the 
presence of hepatic metastases (27). The treatment for non-
metastatic gastrinoma located in the pancreas is surgical 
excision, because disease-related survival in patients with 
tumors larger than 2 cm is improved after surgery (13). 
However, most gastrinomas are multiple and occur within 
the duodenum and most centers undertake a nonsurgical 
management unless the gastrinomas are pancreatic and/or 
larger than 2 cm, in which case, surgery is recommended. 
Other groups recommend a more aggressive approach if the 
biochemical diagnosis is unequivocal and distant metastases 
are absent in order to prevent metastatic spread (28-30).

The situation for other secreting tumors is well 
defined, as most authors agree to recommend resection for 
insulinoma, VIPoma, glucagonoma and somatostatinoma. 
The main controversy, however, remains in the management 
of NF-PNETs, as some authors recommend an aggressive 
resection as soon as a tumor is identified and other authors 

A B

Figure 1 Index case of the family; a 42-year-old female with MEN1 who has a pituitary macroadenoma with acromegaly, primary 
hyperparathyroidism, hyperinsulinism and multiple PNETs. On imaging found to have a FDG-PET positive tail lesion (A), SUV 5.5; on 
pathology 2.7 cm, WHO grade 2, not staining for insulin or glucagon) with corresponding CT hyper-enhancement (B). MEN1, multiple 
endocrine neoplasia type 1; PNETs, pancreatic neuroendocrine tumors.
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recommend a more conservative management of small 
tumors (<1, <1.5 or <2 cm). The goal of treatment is to 
reduce morbidity and mortality due to metastatic disease 
while preserving as much pancreatic tissue as possible and 
avoiding complications of surgical intervention. This is 
especially true in patients with MEN1, in whom tumors are 
very likely to recur in the remnant pancreatic tissue (7).

Triponez et al. (31) have shown in their analysis of 
the French “Groupe d’ Etude des Tumeurs Endocrines” 
(GTE) database, that the risk to develop lymph nodes  
and/or distant metastasis correlates with the size of the 
primary tumor and that the risk of death was low for patients 
with MEN1 with small (<2 cm) NF-PNET. In this study, 
only 5 (7.7%) of 65 patients with NF-PNET <2 cm had 
synchronous lymph nodes or distant metastases and 2 (3.0%) 
of the patients who underwent surgery died of the disease. 
Moreover, the overall survival of patients with MEN1 and 
NF-PNET <2 cm was similar to the survival of patients with 
MEN1 who had no pancreatico-duodenal involvement (31).  
Because of these favorable results, they have proposed 
a conservative attitude for patients with MEN1 and  
NF-PNET <2 cm without other aggressive features. In this 
largest reported series on MEN1 associated NF-PNETs 
(n=108), distant metastases were seen in 19% of patients and 
disease-specific survival was 91% after a mean follow-up  
of 4 years (3). In other series, distant metastases were 
reported in about 6-22% (26,29).

However, there are limitations to these studies. There 
was a short follow-up time, particularly in the group of 
patients who were followed conservatively and there was 
low detection of metastases with imaging studies (EUS, 
CT or MRI) as compared to surgery and pathological 
evaluation.

Therefore, the same group performed a 10-year  
follow-up study: in 46 patients with NF-PNETs <2 cm 
without surgical treatment that were followed over 10 years,  
28 displayed stable disease, 7 showed increase in size, 
7 developed a functional syndrome, 1 developed a liver 
metastasis, 1 patient died due to metastatic NF-PNETs,  
1 due to other causes, and 1 was lost to follow-up (Triponez 
F, Goudet P, AFCE, & GTE unpublished observations 
presented at WorldMEN congress, Vienna, Austria, 2014).

To date, the recommendation for surgical resection in 
NF-PNETs has been based on tumor size, as a higher rate 
of metastases was found in patients with larger tumors 
(3,25,31). One study reported the presence of synchronous 
metastases in 43% of patients with NF-PNET of more 
than 3 cm, in 18% of patients with tumors between 2.1-

3.0 cm, and only in 4% of patients with tumors less than  
1 cm had metastases (3). On the other hand, there are 
studies that have not confirmed this association (29,32). 
Bartsch et al. (29) showed no correlation between tumor size 
and metastatic potential, neither for gastrinomas nor for the 
NF-PNETs. Therefore a consensus for the indications for 
surgery has not yet been established. 

Pancreatico-duodenal surgery can be successful in 80% 
of patients. Some patients however develop complications 
that include diabetes mellitus, steatorrhea, early and late 
dumping syndromes (7). Moreover, the morbidity and 
mortality of pancreatic surgery is significant, even when the 
procedure is performed in experienced centers (3,33). 

There are currently several different recommendations 
for the management of MEN1 patients with small  
NF-PNETs. The Clinical Practice Guidelines for MEN1 
by Thakker et al. (4) suggest to consider surgical resection 
for NF-PNET that are larger than 1 cm in size, like the 
Uppsala group (34), the Marburg group (29) and the MEN 
consortium in Japan (35). The National Comprehensive 
Cancer Center in the USA suggests a more conservative 
approach for tumors 1-2 cm (www.nccn.org, version 2.2014) 
and the GTE also suggests a conservative management of 
NF-PNETs <2 cm if there are no signs of aggressiveness 
such as rapid progression on imaging studies (31).

In conclusion, for the management of small MEN1 
associated NF-PNETs, all authors currently agree that 
tumors <1 cm can/should be followed conservatively and all 
authors agree that tumors >2 cm should be resected. The 
management of tumors 1-2 cm of size remains a matter 
of debate; either resection or follow-up seems to be a safe 
management option for patients with MEN1.

The most important adverse prognostic factor for 
survival in patients with MEN1 related PNETs is the 
presence of liver metastases and other distant disease 
(2,3,25). Non surgical management of patients with 
advanced well-differentiated PNETs involves inhibitors 
of tyrosine kinase receptors (TKI) and of the mammalian 
target of rapamycin (mTOR), and has been reported to be 
effective (36,37). These two studies included mostly non-
MEN1 patients, and their results showed an increased 
overall survival and doubling of median progression-free 
survival when compared to placebo.

In conclusion, PNETs are frequent and can be NF in 
patients with MEN1. Their identification is of clinical 
importance because malignant PNETs are reported to be 
the most common cause of death in patients with MEN1. 
In the longest follow-up study over 10 years, 17% of 
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patients showed an increase in size of the lesions and 2% 
died of metastatic disease of NF-PNETs. To date, the 
recommendation for surgical resection in NF-PNETs is 
based on tumor size, as a higher rate of metastases was 
found in patients with larger tumors. Surgical resection 
should be performed for lesions >2 cm and is recommended 
for those lesions that have significant growth, such as a 
doubling of tumor size over a 3- to 6-month interval for 
tumors of any size. Further studies are needed to determine 
the appropriate management for tumors that are sized 
between 1 and 2 cm.
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