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Abstract:

Multiple endocrine neoplasia type 1 (MEN1) is an inherited tumour syndrome 

characterised by a predisposition to the development of endocrine tumours of the 

parathyroid glands, pituitary and pancreas: 30-80% of patients with MEN1 develop 

pancreatic neuroendocrine tumours (pNETs), with metastatic tumours and/or their 

sequelae contributing to increased morbidity and early mortality. The optimal 

management of non-functioning (NF) pNETs in MEN1 remains controversial. Whilst 

pancreatic resection is widely recommended for tumours >2cm, for smaller tumours 

(≤2cm) a well-established consensus guiding the indications for surgical intervention 

does not exist. Although total pancreatectomy may be curative for some patients, both A
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short- and long-term complications makes this an unsatisfactory option for many patients. 

For small (<2cm) MEN1 NF-pNETs, some clinicians advocate surveillance based largely 

on retrospective data that suggests 50-80% of these lesions are stable over time, and 

infrequently exhibit accelerated growth rates. It is increasingly recognised, however, that 

NF-pNETs exhibit unpredictable malignant behaviour that is not determined by tumour 

size alone, thereby prompting other clinicians to advocate surgery for all MEN1 NF-

pNETs, irrespective of size. Such uncertainty poses clinical management challenges with 

regards to the timing and extent of surgery, which is further hindered by the inability to 

stratify patients based on predicted tumour behaviour. It is therefore critical that future 

MEN1 research initiatives include: 1) the discovery of biomarkers that better predict 

tumour behaviour; 2) the evaluation of medical therapies that may delay, or even prevent, 

the need for pancreatic surgery; and, ultimately, 3) improvement in the quality of life for 

individuals with MEN1. Here, based on the published literature, we address the Clinical 

Question, ‘What is the management of NF-pNETs disclosed on screening in adult 

patients with MEN1?’.

What are the current best practice guidelines for the management of NF-pNETs?

There is currently no consensus guidance regarding the management of NF-pNETs in 

patients with MEN1. Figure 1 summarises the current recommendations, largely based 

on consensus expert opinions, published by the European Neuroendocrine Tumour 

Society (ENETS) (1), the National Comprehensive Cancer Network (NCCN) (2) and 

previous guidelines on MEN1 (3).  The ENETS and NCCN recommendations essentially 

relate to non-MEN1 patients.

What is the natural history of MEN1 NF-pNETs? 

MEN1 pNETs are typically diagnosed between 30-50 years of age, although marked 

variability is recognised (4, 5).  In contrast, the age of onset of non-MEN1 (sporadic) 

pNETs usually ranges between 50 and 80 years (6). Similar to sporadic pNETs, MEN-1 

pNETs may be either non-functioning or secretory; however, MEN-1 pNETs are typically 

smaller, occur on a background of diffuse microadenomatosis with a complex A
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multihormonal expression pattern, and exhibit a more indolent disease course when 

compared with their sporadic counterparts (7-9). MEN1 patients often have 

contemporaneous (synchronous) occurrence of multiple tumours in the pancreas, and 

each one of these independent pancreatic tumours can proliferate and has malignant 

potential.   Although the frequency of the co-occurrence of clinically functioning pNETs 

and NF-pNETs in MEN1 patients is unknown, pancreata from MEN1 patients with NF-

pNETs have been reported to also contain microadenomas immunopositive for insulin, 

glucagon, pancreatic polypeptide and somatostatin, consistent with the reported complex 

multihormonal expression pattern (8). Therefore, when considering the most appropriate 

intervention for NF-pNETs in MEN1, in addition to patient choice, one must also consider 

the following: i) the risk of malignancy, ii) the risk of developing a secretory tumour, and 

iii) the risk of new tumour formation. Thus, the risk of disease progression must be 

measured against the benefit-to-risk ratio of surgery-related morbidity in this young 

patient population. 

Currently, it is not possible to accurately predict the natural history of small (<2cm) MEN1 

NF-pNETs. Clinical management strategies that favour early surgical intervention for NF-

pNETs in MEN1 are guided by data collated retrospectively that suggests that tumour 

size correlates with metastatic disease. For example, one study found metastases in 4%, 

10%, 18% and 43% of MEN1 patients with NF-pNETs ≤1cm, 1.1-2cm, 2.1-3cm and 

>3cm, respectively (10).  However, not all studies have confirmed this association (11). It 

is notable that such studies assume that the largest NF-pNET is the main source of 

metastases; nevertheless, given the presence of synchronous NF-pNETs in MEN1, it 

remains possible, indeed likely, that smaller tumours contribute to metastatic disease.

Several studies have confirmed that the majority of small, MEN1 NF-pNETs grow slowly 

(5, 10, 12). In the Dutch MEN1 study cohort, retrospective analysis of cross-sectional 

imaging data from 99 patients found that the overall growth rate of small (<2cm) NF-

pNETs was 0.4mm per year (median follow-up 3 years) (12). Whilst most patients had 

stable disease for the duration of the study, in those individuals with progressive tumours 

(30% of the study population) the growth rate was 1.6mm per year. A recent literature 

review of seven studies comprising data from 257 patients and 653 NF-pNETs found that 

tumour growth rates ranged from 0.1 to 1.32mm per year when assessed by conventional A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

imaging (CT/MRI and EUS) (13).  In the same report, pNET incidence rates from five 

published studies ranged between 0.17 and 1.04 per patient per year (13).   

A recent long-term prospective study (follow-up 10.7 + 4.2 years, mean + SD) 

investigated the outcomes of 46 patients with MEN1 and small (<2cm) NF-pNETs (14) 

who had not undergone surgery during an earlier three-year study (10). The investigators 

found that almost two-thirds of patients (60.9%) had one or more NF-pNET <2cm and 

stable disease over the follow-up period; 39% of patients exhibited progressive disease 

defined by either an increase in tumour size or the development of a secretory tumour. Of 

these, seven patients underwent surgery during the study because of an increase in 

tumour size (>2cm), development of distant metastases or hormone hypersecretion. 

Three of these patients subsequently developed a new NF-pNET during the study. Only 

one patient died of metastatic NF-pNET. Of those patients with stable disease for the 

duration of the study (28/46, 60.8%), the median number of tumours at presentation was 

2.3 ± 1.8 per patient compared with 2.9 ± 2.3 tumours per patient at study end. 

What is the optimal surveillance modality for early NF-pNETs in MEN1? 

The advent of molecular genetic testing and standardised surveillance with sensitive 

imaging modalities has resulted in the earlier detection of pNETs in patients with MEN1. 

Indeed, asymptomatic pNETs have been reported in MEN1 patients less than 15 years of 

age (8, 15), although the largest cohort studies have reported an age-related penetrance 

for NF-pNETs of less than 10% by 21 years of age (10, 15, 16). 

The goals of surveillance for NF-pNETs in hereditary endocrine neoplasia syndromes are 

to enable early detection and timely intervention to reduce tumour-associated morbidity 

and mortality. Structured surveillance programmes also serve to reassure gene mutation 

carriers who have not yet developed a tumour phenotype. However, such programmes 

may also evoke patient anxiety whilst awaiting test results, and the investigations 

themselves may have adverse effects. It remains crucial, therefore, that the sensitivity 

and specificity of a surveillance protocol is balanced with associated risks including 

radiation exposure (17), affordability and invasiveness.   
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Current surveillance guidance for MEN1 mutation carriers suggests annual biochemical 

measurements of fasting gastrointestinal hormones coupled with annual radiological 

examination of the pancreas and duodenum from around 10-16 years of age (3, 10, 13). 

However, in the absence of any clinical syndrome the utility of frequently measured gut 

hormones is debated, as the result rarely alters clinical management. There is no 

consensus as to the optimal imaging modalities, and conventional methods currently 

used include cross-sectional imaging (CT, MRI) and/or endoscopic ultrasound (EUS), 

depending on local availability and expertise. Recent advances in functional imaging and 

radiopharmaceuticals have also expanded the armamentarium available for the 

localisation of occult pNETs and the characterisation of tumour burden. 

Numerous studies have reported on the relative sensitivity of conventional imaging tests 

to localise NF-pNETs in MEN1 and, collectively, these data suggest that EUS > CT/MRI 

> transabdominal ultrasound (4). Owing to availability and affordability, CT is an attractive 

surveillance imaging test with reported sensitivities of 70-94% for the detection of non-

MEN1 and MEN-1 pNETs (18). Specific contrast-enhanced CT protocols are necessary 

to optimise sensitivity, and more specifically, the timing of contrast enhancement is 

crucial for the detection of pNETs, as normal pancreatic tissue peak enhancement is 

delayed in comparison to pNETs (19). However, in patients with MEN1, the benefits of 

CT must be weighed against the risk associated with lifelong cumulative exposure to 

ionising radiation in this young and genetically vulnerable patient population (17). It is for 

this reason that the majority of centres favour MRI. The sensitivity of MRI in localising 

pNETs in MEN1 is approximately 88%.  Furthermore, MRI is more sensitive compared 

with CT and somatostatin receptor scintigraphy for the detection of hepatic metastases 

from neuroendocrine tumours (20). However, MRI has limited utility in the detection of 

tumours <1.2cm (5). Additional limitations of MRI include availability and dependence on 

patient cooperation, but diffusion-weighted imaging (DWI) sequences improve detection. 

Of note, emerging evidence has implicated repeated administration of gadolinium-based 

contrast agents, during contrast enhanced MRI examinations with gadolinium, to be 

associated with deposition of gadolinium in deep nuclei of the brain, which can be 

visualised as signal changes on MRI (21). Whilst the clinical significance of centrally-

deposited gadolinium is currently unknown, it will be important to monitor this rapidly 
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evolving research area in order to better understand the long-term implications, if any, for 

MEN1 patients in whom repeated MRI examinations form the cornerstone of their tumour 

surveillance strategy. 

EUS is the most sensitive imaging modality for the localisation of pNETs.  EUS is capable 

of detecting sub-centimetre tumours as well as identifying incident tumours early in their 

natural history.  In studies that included patients with both sporadic and MEN1 pNETs, 

EUS was found to have a detection rate of approximately 90% (22), and a sensitivity and 

specificity of 93% and 95%, respectively (23). In one prospective head-to-head study 

limited to subjects with MEN1, EUS was superior for the detection of pNETs compared 

with either CT or MRI when used in isolation or combined with somatostatin receptor 

scintigraphy (24). However, an earlier prospective study in patients with MEN1 found that 

EUS and MRI were comparable in the detection of pNETs ≥10mm (25).    In addition to 

diagnostic performance, EUS may also facilitate fine needle aspiration of tumour cells 

thereby enabling tumour grade and other histopathological features to be determined. 

Limitations of EUS include accessibility, operator dependency, invasiveness and patient 

acceptability, and reduced sensitivity to detect lesions in the pancreatic tail. It is notable, 

however, that the clinical value of detecting small (<1cm) non-functional tumours in 

MEN1 is contentious as their identification is unlikely to alter current approaches in 

clinical management.

Traditional somatostatin receptor scintigraphy based on, for example, 111In-pentetreotide 

(OctreoScanTM) or 99m-Technetium (Tecktroyd), are less sensitive modalities for the 

detection of pNETs <1cm (26, 27) compared with conventional modalities, and are 

associated with reduced specificity owing to physiological uptake in the uncinate process 

of the pancreas. The recent development of PET/CT using 68Ga-DOTA-labelled 

somatostatin analogues has demonstrated improved sensitivity in the detection of 

pNETs, owing to both improved spatial resolution and higher affinity for the somatostatin 

receptor 2 (sstr2) expressed by NETs. Recent studies have demonstrated that 68Ga-

DOTATATE PET/CT is comparable in sensitivity to MRI, and in one study was superior 

for the detection of sporadic pNETs  (28, 29). 

In summary, we believe that either EUS or MRI should be considered as part of the first 

pancreaticoduodenal evaluation in patients with MEN1, in order to thoroughly assess for A
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the presence of pancreatic lesions and provide histological confirmation of a pNET. On 

balance, current evidence suggests that subsequent surveillance should be principally 

based on MRI, however, future studies are required to determine the long-term safety of 

repetitive gadolinium-based MRI examinations in MEN1 patients and whether non-

contrast DWI-MR or EUS are more appropriate surveillance tools.  

How useful are current biomarkers at predicting the behaviour and prognosis of 

NF-pNETs in MEN1?

Circulating biomarkers including chromogranin A (CgA), pancreatic polypeptide (PP), and 

glucagon, have demonstrated poor diagnostic accuracy for the diagnosis of pNETs in 

patients with MEN1 (30). The reported sensitivities of CgA for the diagnosis of MEN1 NF-

pNETs range between 27% and 70% compared with 36-50% and 43-83% for PP and 

glucagon, respectively (13). The limited diagnostic performance of these hormonal 

biomarkers renders them inadequate for the diagnosis, screening and long-term 

surveillance of MEN1 NF-pNETs.

The WHO tumour grading system has demonstrated prognostic value for both non-MEN1 

and MEN1 NF-pNETs, with tumour grade (Grade3 > Grade2 > Grade1) and higher 

proliferation index both associated with increased risk of metastatic or recurrent disease 

and overall mortality (31, 32). Notably, the majority of studies which have evaluated the 

prognostic utility of the WHO tumour grading system have included surgical specimens 

rather than biopsy specimens (31, 32), and therefore further studies are required to 

determine whether cytological grading accurately predicts tumour behaviour in both 

MEN1 and non-MEN1 NF-pNET’s. 

As mentioned above, functional imaging with somatostatin scintigraphy such as [68Ga]-

DOTA(0)-Tyr-(3)-octreotate PET/CT (68Ga DOTATATE PET/CT) has recognised utility as 

an adjunct to conventional anatomical imaging for the detection of NF-pNETs and 

metastatic disease in MEN1 and may identify patients most suitable for treatment with 

somatostatin analogues and targeted radionuclide therapy. However, it remains unclear as 

to whether 68Ga DOTATATE PET/CT scintigraphy is able to accurately predict the A
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malignant potential of a NF-pNET (33). In contrast, imaging with 18F-fluorodeoxyglucose 

PET/CT (18F-FDG PET/CT) has recently been posited as a biomarker with the potential to 

assess the aggressiveness of MEN1 NF-pNETs (34). 18FDG-PET avidity in NF-pNETs 

has demonstrated a positive correlation with: i) higher proliferation indices (Ki67 > 2%); ii) 

tumour grade; iii) metastatic potential; and iv) overall survival (35, 36). Importantly, recent 

data suggests that  18FDG-PET avidity can predict tumour aggressiveness in the setting 

of a low proliferation index (37) and independent of tumour size (34) (Figures 2A-C). 

18FDG-PET avidity does not always predict absence of somatostatin receptor expression, 

highlighting the potential role for combined imaging using 68Ga-DOTATATE PET/CT and 

18F-FDG PET/CT to detect intra- and inter-tumour heterogeneity (38). However, the utility 

of molecular imaging in clinical practice must be balanced against radiation exposure and 

cost. Current evidence does not support the routine use of molecular imaging in the initial 

evaluation or surveillance management of MEN1 NF-pNETs.

Given that a genotype-phenotype correlation has not been established in MEN1, 

identification of a specific germline MEN1 mutation currently provides no prognostic 

value. Whole genome analysis of sporadic pNETs has identified driver somatic mutations 

in recurring genes affecting four main pathways: i) chromatin remodelling; ii) DNA 

damage repair; iii) activation of mTOR signalling; and, iv) telomere maintenance (39). 

Somatic mutations in MEN1 and the chromatin remodelling genes ATRX and DAXX 

have been most commonly reported in sporadic pNETs occurring in non-MEN1 

patients (40), and data from integrated analysis has suggested that detection of these 

somatic mutations may have important prognostic implications (39). For example, loss 

of function mutations in DAXX and ATRX may be associated with an increased risk of 

tumour progression, metastatic disease and a poor prognosis in non-MEN1 patients 

(39). One small clinical case series has provided proof-of-concept evidence that 

somatic mutational analysis is possible from DNA obtained by fine needle aspiration 

(41); however, larger prospective studies are required to determine if somatic 

mutational analysis may be used to prognosticate for both sporadic and MEN1-

associated NF-pNETs.
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Recently, the NETest™, a multi-transcript molecular signature for PCR-based blood 

analysis, has been developed as a biomarker with independent studies reporting variable 

diagnostic performance in its ability to detect sporadic gastro-pancreatic NETs (42, 43). 

The NETest™ has also been reported to be able to differentiate stable from progressive 

sporadic gastro-pancreatic NETs and may have the potential to predict prognosis (44); 

however additional studies are required to truly establish the clinical utility of the 

NETest™ in the non-MEN-1 setting.  To date, in patients with MEN-1, there are no 

published data regarding the performance of the NETest™ in the context of MEN1-

associated NF-pNETs. It may be anticipated, however, that the NETest™ will have 

limited utility in the MEN1 population given that the majority of MEN NF-pNETs are small 

and slow growing, and due to the propensity of these patients to harbour co-existing 

neuroendocrine tumours that arise from different cellular origins. 

What are the treatment options for non-metastatic MEN-1 NF-pNETs? 

Surgical excision is the only potentially curative treatment for non-metastatic NF-pNETs 

in MEN1. The surgical approach offered is dependent on tumour location as well as 

tumour size, and options include distal pancreatectomy, tumour enucleation, pylorus-

preserving pancreaticoduodenectomy, or total pancreatectomy (45). The aims of surgery 

include prevention of disease progression through complete tumour resection, whilst 

preserving pancreatic function and avoiding early and late surgical complications such as 

diabetes mellitus and pancreatic exocrine insufficiency. The main criteria for 

recommending surgical excision are tumour size and, in some guidelines, tumour growth 

rate (ie. tumour doubling over a 6-month period).  However, the size threshold above 

which surgery should be undertaken remains contentious. Given the correlation between 

increased tumour size and presence of liver metastases, surgical resection is 

recommended for MEN1 NF-pNETs >3cm and probably 2-3cm; however, future clinical 

studies are required to clearly establish the benefit-to-risk ratio of surgery for the latter 

tumour subgroup. In MEN1 patients with NF-pNETS ≤2cm data from several studies 

support a ‘watch and wait’ approach because most of these tumours have low 

oncological risk (12, 14, 46). For example, the Dutch MEN1 study group suggested that 

surgery should be reserved for  NF-pNETs >2cm because they found no difference in 

metastasis-free survival or mortality in patients who were actively surveyed compared A
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with patients who underwent surgery for NF-pNETs <2cm (12). In addition to oncological 

safety, a non-interventional strategy for small NF-pNETs also mitigates against the high 

rate of major early post-operative complications, irrespective of tumour size, that has 

been reported for MEN1 patients undergoing pancreatic surgery (47) (Figures 2D-E). For 

example, an analysis of the early and late complications of surgical resection of NF-

pNETs in a study of 63 patients with MEN1 found that: 33% of patients had major early 

surgical complications, most commonly due to severe pancreatic fistulas, which were 

associated with prolonged length of hospital attendance and significant readmission 

rates; 20% developed several major early complications; and 23%  suffered from long-

term complications (47). Collectively, these data highlight the risk of significant post-

operative morbidity associated with pancreatic surgery in MEN1 (47).  

The timing and extent of surgery in MEN1 is further complicated by the occurrence of 

multiple NF-pNETs in many patients and the formation of new tumours within the 

pancreatic remnant following previous surgery, rendering subsequent resections more 

challenging and probably further increasing the risk of complications (35) (Figures 2F-G). 

In these situations, surgical options are limited to aggressive approaches, including total 

pancreatectomy.  Finally, it is noteworthy that in patients with MEN1, synchronous 

duodenal and pancreatic NETs may be present and should always be considered since 

their occurrence may influence the decision for surgical versus conservative 

management. 

Given the significant morbidity associated with surgical resection of NF-pNETs in MEN1, 

there remains an unmet medical need for anti-proliferative medical therapies that may 

delay, or even prevent, the need for pancreatic surgery in MEN1 patients with single or 

multiple NF-pNETs. In this regard, somatostatin analogues (SSAs) have proven efficacy 

with respect to progression-free survival in non-MEN1 patients with advanced gastro-

enteropancreatic neuroendocrine tumours (48, 49). In the CLARINET study, which 

excluded patients with MEN1, lanreotide treatment reduced disease progression and 

prolonged progression free survival in patients with advanced metastatic pNETs (48).  

Despite inherent clinical and biological differences between non-MEN1 and MEN1 

pNETs, and an absence of supportive clinical trial evidence, lanreotide is a recognised A
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treatment option for MEN1 patients with unresectable pNETs or advanced metastatic 

disease. However, given the frequency of post-operative complications associated with 

surgical resection of small NF-pNETs, it was postulated that somatostatin analogues may 

have potential as ‘chemoprophylactic’ agents against pNETs. Indeed, the somatostatin 

analogue pasireotide, was shown to have a chemopreventive action in the development 

of pNETs in a mouse model for MEN1 (50), thereby suggesting that somatostatin 

analogues may have a role in slowing the growth of early NF-pNETs (<2cm) and/or 

preventing the formation of new pNETs in MEN1 patients.   Proof-of-concept evidence for 

this notion has been provided by one uncontrolled retrospective clinical study of 20 MEN1 

patients with early pNETs (<2cm) (NF-pNETs (n=14), Zollinger-Ellison syndrome (n=5), 

and insulinoma (n=1)) who were treated with octreotide LAR (30mg intramuscularly every 

28 days) over 12-75 months (51). In this study, the investigators found that octreotide 

LAR resulted in an objective tumour response in 10% of patients, stable disease in 80% 

of patients and disease progression in 10% of patients (51). However, it is notable that 

this study had several limitations, including the absence of a control arm, small sample 

size and retrospective design.  Thus, a well-powered, prospective, placebo-controlled 

clinical trial is required to clearly establish whether SSAs may attenuate tumour growth 

and new tumour formation of early NF-pNETs in MEN1. However, such a clinical trial will 

be difficult to deliver given that the majority of MEN1 patients possess small and slow 

growing NF-pNETs and, in the absence of robust prognostic biomarkers associated with 

MEN1 NF-pNETs, identifying the patients most likely to derive benefit from this treatment 

will be challenging.   

Conclusions: 

NF-pNETs remain a major cause of premature mortality in patients with MEN1. Due to a 

limited understanding of tumour natural history and an absence of prognostic biomarkers, 

expert opinions are divided on their optimal clinical management. Although many 

questions regarding MEN1 associated NF-pNETs remain, since publication of the MEN1 

clinical practice guidelines in 2012 a more refined understanding of tumour behaviour and 

the radiological techniques used for their detection has been established. This 

knowledge, coupled with emerging data relating to the morbidity associated with surgical 

resection of NF-pNETs in MEN1 and potential safety concerns associated with A
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surveillance strategies, suggests that it may be timely to revise the current follow up 

recommendations. However, a thorough systematic review of the currently available data 

is required to provide an evidence-based approach, and in its absence we advocate 

continuation of the guidelines recommended annual radiological surveillance with MRI for 

MEN1 patients. However, if surveillance yields a completely normal result, imaging every 

two-three years is likely to be sufficient. Currently available data suggest that screening 

for pNETs should commence between the ages of 10-16 years; however, further 

research is required to establish the optimal age to start pNET surveillance in MEN1 (13). 

Surgical resection is warranted for NF-pNETs >2cm, whereas conservative management 

is generally appropriate for tumours <2cm, accepting that a small proportion of patients 

may develop advanced disease. Given that NF-pNETs have distinct biological behaviours 

compared with non-MEN1 tumours, we discourage against the generalisation of findings 

from non-MEN1 clinical studies to the MEN1 population. Instead, we believe that it is vital 

that future MEN1 research focuses on the identification of prognostic biomarkers and 

surrogate clinical endpoints that will facilitate the delivery of innovative, multicentre 

prospective clinical trials that evaluate the effectiveness of anti-tumour therapies to guide 

the optimal management of NF-pNETs in MEN1. 

Disclosures

BGC is an employee of AstraZeneca.

References

1. Falconi M, Eriksson B, Kaltsas G, et al. ENETS Consensus Guidelines Update for 

the Management of Patients with Functional Pancreatic Neuroendocrine Tumors 

and Non-Functional Pancreatic Neuroendocrine Tumors. Neuroendocrinology. 

2016;103(2):153-71.

2. Kulke MH, Shah MH, Benson AB, 3rd, et al. Neuroendocrine tumors, version 

1.2015. J Natl Compr Canc Netw. 2015;13(1):78-108.

A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

3. Thakker RV, Newey PJ, Walls GV, et al. Clinical practice guidelines for multiple 

endocrine neoplasia type 1 (MEN1). J Clin Endocrinol Metab. 2012;97(9):2990-

3011.

4. Jensen RT, Berna MJ, Bingham DB, Norton JA. Inherited pancreatic endocrine 

tumor syndromes: advances in molecular pathogenesis, diagnosis, management, 

and controversies. Cancer. 2008;113(7 Suppl):1807-43.

5. Yates CJ, Newey PJ, Thakker RV. Challenges and controversies in management 

of pancreatic neuroendocrine tumours in patients with MEN1. Lancet Diabetes 

Endocrinol. 2015;3(11):895-905.

6. Kamilaris CDC, Stratakis CA. Multiple Endocrine Neoplasia Type 1 (MEN1): An 

Update and the Significance of Early Genetic and Clinical Diagnosis. Front 

Endocrinol (Lausanne). 2019;10:339.

7. Chiloiro S, Lanza F, Bianchi A, et al. Pancreatic neuroendocrine tumors in MEN1 

disease: a mono-centric longitudinal and prognostic study. Endocrine. 

2018;60(2):362-7.

8. Newey PJ, Jeyabalan J, Walls GV, et al. Asymptomatic children with multiple 

endocrine neoplasia type 1 mutations may harbor nonfunctioning pancreatic 

neuroendocrine tumors. J Clin Endocrinol Metab. 2009;94(10):3640-6.

9. Anlauf M, Schlenger R, Perren A, et al. Microadenomatosis of the endocrine 

pancreas in patients with and without the multiple endocrine neoplasia type 1 

syndrome. Am J Surg Pathol. 2006;30(5):560-74.

10. Triponez F, Dosseh D, Goudet P, et al. Epidemiology data on 108 MEN 1 patients 

from the GTE with isolated nonfunctioning tumors of the pancreas. Ann Surg. 

2006;243(2):265-72.A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

11. Lowney JK, Frisella MM, Lairmore TC, Doherty GM. Pancreatic islet cell tumor 

metastasis in multiple endocrine neoplasia type 1: correlation with primary tumor 

size. Surgery. 1998;124(6):1043-8..

12. Pieterman CRC, de Laat JM, Twisk JWR, et al. Long-Term Natural Course of 

Small Nonfunctional Pancreatic Neuroendocrine Tumors in MEN1-Results From 

the Dutch MEN1 Study Group. J Clin Endocrinol Metab. 2017;102(10):3795-805.

13. van Treijen MJC, van Beek DJ, van Leeuwaarde RS, Vriens MR, Valk GD. 

Diagnosing Nonfunctional Pancreatic NETs in MEN1: The Evidence Base. J 

Endocr Soc. 2018;2(9):1067-88.

14. Triponez F, Sadowski SM, Pattou F, et al. Long-term Follow-up of MEN1 Patients 

Who Do Not Have Initial Surgery for Small </=2 cm Nonfunctioning Pancreatic 

Neuroendocrine Tumors, an AFCE and GTE Study: Association Francophone de 

Chirurgie Endocrinienne & Groupe d'Etude des Tumeurs Endocrines. Ann Surg. 

2018;268(1):158-64.

15. Goudet P, Dalac A, Le Bras M, et al. MEN1 disease occurring before 21 years old: 

a 160-patient cohort study from the Groupe d'etude des Tumeurs Endocrines. J 

Clin Endocrinol Metab. 2015;100(4):1568-77.

16. Machens A, Schaaf L, Karges W, et al. Age-related penetrance of endocrine 

tumours in multiple endocrine neoplasia type 1 (MEN1): a multicentre study of 258 

gene carriers. Clin Endocrinol (Oxf). 2007;67(4):613-22.

17. Casey RT, Saunders D, Challis BG, et al. Radiological surveillance in multiple 

endocrine neoplasia type 1: a double-edged sword? Endocr Connect. 

2017;6(3):151-8.

A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

18. de Herder WW. GEP-NETS update: functional localisation and scintigraphy in 

neuroendocrine tumours of the gastrointestinal tract and pancreas (GEP-NETs). 

Eur J Endocrinol. 2014;170(5):R173-83.

19. Ruf J, Schiefer J, Furth C, et al. 68Ga-DOTATOC PET/CT of neuroendocrine 

tumors: spotlight on the CT phases of a triple-phase protocol. J Nucl Med. 

2011;52(5):697-704.

20. Dromain C, de Baere T, Lumbroso J, et al. Detection of liver metastases from 

endocrine tumors: a prospective comparison of somatostatin receptor scintigraphy, 

computed tomography, and magnetic resonance imaging. J Clin Oncol. 

2005;23(1):70-8.

21. Gulani V, Calamante F, Shellock FG, et al. Gadolinium deposition in the brain: 

summary of evidence and recommendations. Lancet Neurol. 2017;16(7):564-70.

22. Sundin A, Vullierme MP, Kaltsas G, et al. ENETS Consensus Guidelines for the 

Standards of Care in Neuroendocrine Tumors: radiological examinations. 

Neuroendocrinology. 2009;90(2):167-83.

23. Anderson MA, Carpenter S, Thompson NW, et al. Endoscopic ultrasound is highly 

accurate and directs management in patients with neuroendocrine tumors of the 

pancreas. Am J Gastroenterol. 2000;95(9):2271-7.

24. van Asselt SJ, Brouwers AH, van Dullemen HM, et al. EUS is superior for 

detection of pancreatic lesions compared with standard imaging in patients with 

multiple endocrine neoplasia type 1. Gastrointest Endosc. 2015;81(1):159-67 e2.

25. Barbe C, Murat A, Dupas B, et al. Magnetic resonance imaging versus endoscopic 

ultrasonography for the detection of pancreatic tumours in multiple endocrine 

neoplasia type 1. Dig Liver Dis. 2012;44(3):228-34.

A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

26. Patel KK, Kim MK. Neuroendocrine tumors of the pancreas: endoscopic diagnosis. 

Curr Opin Gastroenterol. 2008;24(5):638-42.

27. Opalinska M, Hubalewska-Dydejczyk A, Sowa-Staszczak A, Stefanska A. NEN - 

the role of somatostatin receptor scintigraphy in clinical setting. Nucl Med Rev 

Cent East Eur. 2016;19(2):118-25.

28. Manta R, Nardi E, Pagano N, et al. Pre-operative Diagnosis of Pancreatic 

Neuroendocrine Tumors with Endoscopic Ultrasonography and Computed 

Tomography in a Large Series. J Gastrointestin Liver Dis. 2016;25(3):317-21.

29. Sundin A. Radiological and nuclear medicine imaging of gastroenteropancreatic 

neuroendocrine tumours. Best Pract Res Clin Gastroenterol. 2012;26(6):803-18.

30. de Laat JM, Pieterman CR, Weijmans M, et al. Low accuracy of tumor markers for 

diagnosing pancreatic neuroendocrine tumors in multiple endocrine neoplasia type 

1 patients. J Clin Endocrinol Metab. 2013;98(10):4143-51.

31. Conemans EB, Brosens LAA, Raicu-Ionita GM, et al. Prognostic value of WHO 

grade in pancreatic neuro-endocrine tumors in Multiple Endocrine Neoplasia type 

1: Results from the DutchMEN1 Study Group. Pancreatology. 2017;17(5):766-72.

32. Scarpa A, Mantovani W, Capelli P, et al. Pancreatic endocrine tumors: improved 

TNM staging and histopathological grading permit a clinically efficient prognostic 

stratification of patients. Mod Pathol. 2010;23(6):824-33.

33. Ito T, Jensen RT. Imaging in multiple endocrine neoplasia type 1: recent studies 

show enhanced sensitivities but increased controversies. Int J Endocr Oncol. 

2016;3(1):53-66.

A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

34. Kornaczewski Jackson ER, Pointon OP, Bohmer R, Burgess JR. Utility of FDG-

PET Imaging for Risk Stratification of Pancreatic Neuroendocrine Tumors in 

MEN1. J Clin Endocrinol Metab. 2017;102(6):1926-33.

35. Bahri H, Laurence L, Edeline J, et al. High prognostic value of 18F-FDG PET for 

metastatic gastroenteropancreatic neuroendocrine tumors: a long-term evaluation. 

J Nucl Med. 2014;55(11):1786-90.

36. Pasquali C, Rubello D, Sperti C, et al. Neuroendocrine tumor imaging: can 18F-

fluorodeoxyglucose positron emission tomography detect tumors with poor 

prognosis and aggressive behavior? World J Surg. 1998;22(6):588-92.

37. Nilica B, Waitz D, Stevanovic V, et al. Direct comparison of (68)Ga-DOTA-TOC 

and (18)F-FDG PET/CT in the follow-up of patients with neuroendocrine tumour 

treated with the first full peptide receptor radionuclide therapy cycle. Eur J Nucl 

Med Mol Imaging. 2016;43(9):1585-92.

38. Binderup T, Knigge U, Loft A, Federspiel B, Kjaer A. 18F-fluorodeoxyglucose 

positron emission tomography predicts survival of patients with neuroendocrine 

tumors. Clin Cancer Res. 2010;16(3):978-85.

39. Scarpa A, Chang DK, Nones K, et al. Whole-genome landscape of pancreatic 

neuroendocrine tumours. Nature. 2017;543(7643):65-71.

40. Jiao Y, Shi C, Edil BH, et al. DAXX/ATRX, MEN1, and mTOR pathway genes are 

frequently altered in pancreatic neuroendocrine tumors. Science. 

2011;331(6021):1199-203.

41. VandenBussche CJ, Allison DB, Graham MK, et al. Alternative lengthening of 

telomeres and ATRX/DAXX loss can be reliably detected in FNAs of pancreatic 

neuroendocrine tumors. Cancer Cytopathol. 2017;125(7):544-51.

A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

42. Modlin IM, Drozdov I, Bodei L, Kidd M. Blood transcript analysis and metastatic 

recurrent small bowel carcinoid management. BMC Cancer. 2014;14:564.

43. van Treijen MJC, Korse CM, van Leeuwaarde RS, et al. Blood Transcript Profiling 

for the Detection of Neuroendocrine Tumors: Results of a Large Independent 

Validation Study. Front Endocrinol (Lausanne). 2018;9:740.

44. Kidd M, Drozdov I, Modlin I. Blood and tissue neuroendocrine tumor gene cluster 

analysis correlate, define hallmarks and predict disease status. Endocr Relat 

Cancer. 2015;22(4):561-75.

45. Kouvaraki MA, Shapiro SE, Cote GJ, et al. Management of pancreatic endocrine 

tumors in multiple endocrine neoplasia type 1. World J Surg. 2006;30(5):643-53.

46. Nell S, Verkooijen HM, Pieterman CRC, et al. Management of MEN1 Related 

Nonfunctioning Pancreatic NETs: A Shifting Paradigm: Results From the 

DutchMEN1 Study Group. Ann Surg. 2018;267(6):1155-60.

47. Nell S, Borel Rinkes IHM, Verkooijen HM, et al. Early and Late Complications After 

Surgery for MEN1-related Nonfunctioning Pancreatic Neuroendocrine Tumors. 

Ann Surg. 2018;267(2):352-6.

48. Caplin ME, Pavel M, Cwikla JB, et al. Lanreotide in metastatic enteropancreatic 

neuroendocrine tumors. N Engl J Med. 2014;371(3):224-33.

49. Rinke A, Muller HH, Schade-Brittinger C, et al. Placebo-controlled, double-blind, 

prospective, randomized study on the effect of octreotide LAR in the control of 

tumor growth in patients with metastatic neuroendocrine midgut tumors: a report 

from the PROMID Study Group. J Clin Oncol. 2009;27(28):4656-63.

50. Walls GV, Stevenson M, Soukup BS, et al. Pasireotide Therapy of Multiple 

Endocrine Neoplasia Type 1-Associated Neuroendocrine Tumors in Female Mice A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

Deleted for an Men1 Allele Improves Survival and Reduces Tumor Progression. 

Endocrinology. 2016;157(5):1789-98.

51. Ramundo V, Del Prete M, Marotta V, et al. Impact of long-acting octreotide in 

patients with early-stage MEN1-related duodeno-pancreatic neuroendocrine 

tumours. Clin Endocrinol (Oxf). 2014;80(6):850-5.

Figure Legends

Figure 1.

 (A) The European Neuroendocrine Tumour Society (ENETS) recommendations (2016) 

for the surgical management of NF-pNETs, which advocate surveillance rather than 

surgery for all incidentally discovered NF-pNETs <2cm (1). (B) The summary of the 

National Comprehensive Cancer Network (NCCN) guidance for NF-pNETs and 

recommends surgery for all NF-pNETs measuring >1cm (2). (C) The MEN1 clinical 

practice guidelines written by a self-assembled group of international experts, which 

suggests surgical resection for NF-pNETs >1cm (2). 

Figure 2. 

Case 1: Images (A) and (B) demonstrate a 2.8cm cystic NF-pNET in the pancreatic head 

visualised by CT imaging and EUS, respectively. The patient was referred for clinical 

surveillance at the age of 25 years following genetic confirmation of MEN1 identified 

through cascade family screening. (C) Low-avidity in the NF-pNET on 18F-FDG PET/CT 

imaging; following surgical resection and histological analysis, this correlated with a non-

metastatic grade 2 well-differentiated pNET with 0/2 lymph nodes positive for metastatic 

disease. 

Case 2: (D) An axial CT image demonstrating a 1.9cm NF-pNET in the uncinate process 

of the pancreas detected on the first surveillance scan in a 33-year old male with MEN1. 
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The patient underwent a Whipple’s procedure at the patient’s request. (E) An image from 

a post-operative CT pulmonary angiogram that illustrates left lower lobe collapse, 

consolidation in the right lung and bilateral pleural effusions (left>right) as demonstrated 

by the white arrows. The patient also developed severe remnant pancreatitis and 

necrosis, resulting in a prolonged hospital admission and significant long-term morbidity 

that impacted upon his livelihood and has severely compromised his quality of life. 

Case 3: (F) Demonstrates a hyper-intense 1.5cm pNET in the pancreatic head visualised 

by MRI in a patient with MEN1. This patient had previously undergone a distal 

pancreatectomy for an insulin-secreting pNET and was subsequently diagnosed with the 

new 1.5cm NF-pNET in the remnant pancreas 4 years later. (G) Demonstrates that the 

lesion remained stable over a 4-year period of observation, and annual surveillance 

continues.   
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