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Abstract
Background/Purpose: We examined therapeutic strategies for pancreatic neuroen-
docrine neoplasm (pNEN) associated with MEN1 (M-pNEN) by investigating clin-
icopathological features and menin expression.
Methods: Seventy-seven patients who underwent resection of pNEN at our de-
partment from January 2001 to December 2017 were retrospectively analyzed. 
Immunohistochemical analysis of menin was performed using resected specimens.
Results: Seven patients (9%) met the diagnostic criteria for MEN1. M-pNEN had more tu-
mors (P < .01), a higher recurrence rate (P = .028), and higher residual pancreatic recurrence 
(P < .01) than sporadic pNEN (S-pNEN). There were no significant differences in tumor 
size, lymph node metastasis, or World Health Organization grade between the two groups. 
Reduced menin staining in the tumor nuclei was found in 86% of M-pNEN; whereas only 
34% of S-pNEN showed decreased nuclear staining. The remainder (66%) showed strong 
nuclear staining similar to normal islet cells (P = .0071). Furthermore, four patients (57%) 
with MEN1 had many microadenomas with reduced nuclear menin staining. Overall sur-
vival of M-pNEN patients was significantly better than S-pNEN patients (P = .049).
Conclusion: M-pNEN patients tend to develop spatially and temporally multifocal 
pNENs. However, M-pNEN patient prognosis is good with repeated surgeries at re-
currence. Therefore, minimal resection with strict follow-up is recommended rather 
than extensive pancreatic resections for consideration of recurrence in M-pNEN.

K E Y W O R D S

menin, multiple endocrine neoplasia type 1, pancreatic neuroendocrine neoplasm

1  |   INTRODUCTION

Pancreatic neuroendocrine neoplasm (pNEN) is a rare tumor, 
comprising 1%-2% of all pancreatic neoplasms, but recently 

the diagnostic ability of computed tomography (CT), magnetic 
resonance imaging (MRI), and endoscopic ultrasound-guided 
fine needle aspiration (EUS-FNA) has improved, and the overall 
incidence of pNEN has increased.1 PNEN occurs sporadically 
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or genetically, and representative hereditary diseases include 
von Hippel-Lindau (VHL) disease, von Recklinghausen dis-
ease, and multiple endocrine neoplasia type 1 (MEN1).2

The most common hereditary syndrome associated with 
pNENs is MEN1, an autosomal dominant hereditary manner. 
MEN1 is characterized by NENs in several of three major 
organs, the pituitary gland, parathyroid gland, and endocrine 
pancreas. According to an epidemiological study conducted 
in Japan, 4.3%–10% of all pNEN patients are related to 
MEN1.3,4 Patients with MEN1 have been reported to have 
multiple microadenomas and a high rate of recurrence; how-
ever, there is no detailed literature on the clinical course of 
pNEN associated with MEN1 (M-pNEN) treatment. In ad-
dition, there are few reports of direct comparisons between 
M-pNEN and sporadic pNEN (S-pNEN). Surgical excision 
is the only curative treatment choice for pNEN, but surgical 
strategies for M-pNEN have not yet been fully established.

The cause of MEN1 is several mutations in a tumor sup-
pressor gene, MEN1. And menin is protein encoded by MEN1.5 
In pNEN development, menin has been reported to be both 
an activator and repressor of gene transcription and has been 
associated with several pathways of tumor development.6 To 
date, there have been few reports that have analyzed M-pNEN 
focusing on the expression of menin in pNEN. Investigations 
of clinicopathological differences in between M-pNEN and 
S-pNEN may help in determining treatment strategies.

2  |   MATERIALS AND METHODS

2.1  |  Patients

Seventy-eight patients who underwent pNEN resection at 
our department from January 2001 to December 2017 were 
included. Seven patients (9%) met the diagnostic criteria 
for MEN1. Seventy-one patients were not associated with 
MEN1, but one (1.4%) was excluded because of VHL dis-
ease. A total of 77 patients were retrospectively analyzed. 
Our institutional ethics committee approved this study 
(Registry No. 1291). Written informed consent was obtained 
from all patients, and this study was conducted according to 
the Declaration of Helsinki.

2.2  |  MEN1 diagnosis criteria

At least one of the following criteria had to be present for 
inclusion in the registry7:

1.	 Confirmation of neoplastic disease in at least two of 
the commonly affected organs: parathyroid, endocrine 
pancreas, and anterior pituitary.

2.	 Evidence of one lesion described previously and a family 
history of MEN1.

3.	 Identification of a pathological germline mutation in the 
MEN1 gene.

All seven patients of this study met the criteria of (1). Six 
patients met the criteria of (2), and one patient was identified 
as having a MEN1 mutation (3).

2.3  |  Immunohistochemical staining

Immunohistochemical evaluation was performed in 69 cases 
(M-pNEN, seven patients; S-pNEN, 62 patients) for which 
resected specimens were available.

Immunohistochemical staining of menin, Ki-67, and pan-
creatic endocrine hormones (insulin, glucagon, gastrin, and 
pancreatic polypeptide) was performed. We used primary 
antibodies against insulin (A0564; Dako), glucagon (A0565; 
Dako), somatostatin (A0566; Dako), gastrin (A0568; Dako) 
and pancreatic polypeptide (A0619; Dako). Staining was 
judged to be positive if it occurred in part of the tumor. 
Ki-67 staining was evaluated according to the 2019 World 
Health Organization (WHO) grading.8 Menin staining used 
commercially available anti-menin antibody (A300-105A) 
manufactured by Bethyl Laboratories.9 The staining intensity 
of tumor cell nucleus and cytoplasm was classified into four 
grades as follows: 0 (absent), 1 (weak), 2 (moderate), and 
3 (strong). Grade 0/1 of nucleus was judged as a decrease 
in staining and grade 2/3 of cytoplasm was judged as an in-
crease in staining.

2.4  |  Definition of recurrence in 
M-pNEN patients

We defined the recurrence of M-pNENs in this study as "the 
emergence of new pNEN requiring resections" and "the oc-
currence of NEN at distant organs excluding the pituitary 
gland and adrenal glands which was considered to be metas-
tasized of pNEN".

2.5  |  Statistics

Statistical comparisons between the M-pNEN and S-pNEN 
groups were conducted using the χ2 test, Pearson's correla-
tion coefficient, or Student's t-test. Survival curves were gen-
erated using the Kaplan–Meier method and were analyzed 
by the log-rank test. A result was considered significant if 
P < .05. All statistical analyzes were performed using JMP 
12 software (SAS Institute).
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3  |   RESULTS

3.1  |  Clinicopathological features of 
M-pNEN and S-pNEN patients

The clinicopathological features of seven M-pNEN patients 
and 70 S-pNEN patients were compared and summarized 
(Table 1). Patients with M-pNEN had higher numbers of tu-
mors (P < .001), a higher rate of recurrence (P = .028), and 
a higher rate of residual pancreatic recurrence (P  <  .001). 
However, there were no significant differences in age at first 

surgery, tumor size, rate of lymph node metastasis, and 2019 
WHO grading between the two groups.

3.2  |  Detailed characteristics of 
M-pNEN patients

Table 2 shows the detailed clinical information of the seven 
M-pNEN patients. These patients consisted of three men and 
four women, all of whom had endocrine tumors in several 
different organs: the pancreas, pituitary gland, parathyroid 

Clinicopathological features M-pNEN ( n = 7) S-pNEN (n = 70) P-value

Age (years) 43.3 ± 22.8 56.7 ± 16.8 .055

Gender     .665

Male 3 34  

Female 4 36  

Diagnosis     .109

Non-functional 2 42  

Functional 5 28  

Insulinoma 3 25  

Glucagonoma 0 1  

Gastorinoma 2 1  

VIPoma   1  

Operation (First time)     .608

PD 1 17  

DP 3 32  

EN 1 14  

Others 2 7  

Tumor size (mm), 14.5 ± 7.3 20.7 ± 17 .350

Number of tumor     <.001

Single 2 61  

Multiple 5 9  

WHO grade (2019)     .604

NET, G1 7 57  

NET, G2 0 10  

NET, G3 0 2  

MiNEN 0 1  

Lymph node metastasis     .827

Positive 1 8  

Negative 6 49  

D0   13  

Recurrence 4 (57.1%) 12 (17.1%) .028

Recurrent organ      

Liver 0 11 .126

Pancreas 4 (57.1%) 1 (1.4%) <.001

Bold values indicate statistically significant values.
Abbreviations: DP, distal pancreatectomy; EN, enucleation; MiNEN, mixed neuroendocrine-non-endocrine 
neoplasm; PD, pancreaticoduodenectomy.

T A B L E  1   Clinicopathological features 
of pNEN
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gland, thyroid gland, and adrenal gland. Two (29%) were di-
agnosed with non-functional pNEN, three (43%) with insu-
linoma, and two (28%) with gastrinoma. Six (86%) patients 
had a family history of MEN1. One patient underwent ger-
mline genetic testing and a MEN1 mutation was found. Four 
patients (57%) had undergone multiple pancreatic resections 
for pNEN. All tumors showed G1 WHO grading.

3.3  |  Immunohistochemical analysis for 
M-pNEN: pancreatic hormones and menin

Sixty-nine patients (M-pNEN, seven patients; S-pNEN, 62 
patients) were subjected to pathological evaluation.

First, in the staining of pancreatic endocrine hormones, 
two patients with MEN1 (case 1 and 2) had a single tumor, 
and the tumors had the same pancreatic hormone staining 
as the diagnosis. Five patients with MEN1 (cases 3–7) had 
multiple pNENs. In case 3 and case 5, pNENs had different 
hormone staining in each tumor. Case 3, diagnosed as glu-
cagonoma, had multiple duodenal NENs producing gastrin 
and pancreatic NENs producing glucagon (Figure 1). In case 
5, diagnosed as insulinoma, there were multiple pNENs that 
showed insulin or gastrin staining and pNENs that did not 
show hormone staining (Figure 2).

Next, we evaluated menin expression distribution in pNENs 
by immunohistochemical staining. The typical findings of 

menin staining are shown in Figure  3. Six (86%) of seven 
M-pNEN patients showed decreased nuclear menin staining 
(aberrant pattern), whereas 21 (34%) of 62 S-pNENs showed 
decreased nuclear menin staining. These distributions differed 
significantly between the two groups (P = .0071). On the other 
hand, only two M-pNEN patients (29%) showed increased cy-
toplasmic expression of menin, and there was no difference in 
the cytoplasmic expression of menin between M-pNENs and 
S-pNENs (P  =  .2477). The multiple pNENs were examined 
in case 3 and case 5 of M-pNEN, and all pNENs showed de-
creased nuclear staining of menin (Figures 1, 2).

3.4  |  Patients’ prognosis

Figure 4 shows Kaplan–Meier survival curves for M-pNEN and 
S-pNEN patients. The 5- and 10-year survival rates of M-pNEN 
patients were both 100%. The 5-and 10-year survival rates of 
S-pNEN patients were 90% and 72%, respectively. M-pNEN 
patients had significantly better overall survival (P = 0.049).

4  |   DISCUSSION

Several studies have reported that pNENs occurring in MEN1 
patients differ in characteristics from other pNENs.10,11 
The European Neuroendocrine Tumor Society (ENETS) 

F I G U R E  1   Gross and immunohistochemical evaluation of case 3. (A) Resected specimen in case 3. (B) Immunohistochemical staining using 
gastrin antibody was performed in duodenal NEN. (C) Immunohistochemical staining using glucagon antibody was performed in pNEN. (D and E) 
Immunohistochemical staining using menin antibody was performed in several pNETs
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treatment guidelines indicate differences in the indications 
for gastrinoma and non-functional (NF)-pNEN surgery. For 
functional pNENs excluding gastrinoma, minimal excision 

is recommended regardless of the presence of MEN1.12 The 
Japanese Neuroendocrine Tumor Society (JNETS) guidelines 
recommend surgery for all NF-pNENs without MEN1, but 

F I G U R E  2   Gross and immunohistochemical evaluation of case 5. (A and B) Resected specimen of pancreas and its dissected section in case 
5. Multiple pNENs are detected in the pancreas (red circle and yellow arrow). (C) Immunohistochemical staining using insulin, glucagon, or menin 
was performed in different pNENs (No. 2, 8, and 10 specimens)

F I G U R E  3   Immunohistochemical staining of menin. (A) Representative islet stained with menin. (B) Menin immunostaining was performed 
in representative S-pNEN (menin positive). (C and D) Menin immunostaining was performed in representative M-pNEN (menin downregulated)
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follow-up for NF-pNENs with MEN1 when growth is slow 
and <2 cm is advocated.13 In the case of multiple tumors, a 
feature of M-pNEN, it is difficult to select a surgical proce-
dure. Therefore, we believe that detailed treatment reports for 
M-pNEN are necessary. In our study, M-pNEN was found to 
have a higher incidence of multiple tumors and a higher risk 
of recurrence than those with S-pNEN. Of note, M-pNEN had 
significantly higher recurrence in the residual pancreas com-
pared with S-pNEN (47% vs. 1.4%; P < .001). Only one case 
of S-pNEN had a recurrence in the remnant pancreas, and a 
second resection was performed; however, the possibility of 
surgical stump recurrence cannot be ruled out. Therefore, in our 
series, almost all the remaining pancreatic recurrences of pNEN 
appeared to be exclusively developed in MEN1.

We present the treatment course of four M-pNEN patients 
who have undergone multiple surgeries for pNEN and resid-
ual pancreatic recurrence. Of these, all three patients who 
had functional pNEN exhibited improved symptoms imme-
diately after their initial surgery, but they gradually became 
symptomatic due to excessive hormones such as insulin (hy-
poglycemia) and gastrin (gastrointestinal ulcers) because of 
the recurrent pNENs. If there are many tumors present at the 
first diagnosis, it is very important to identify the exact lo-
cation of tumors that produce the hormones associated with 
corresponding symptoms. In case 5 and case 6, many tumors 
were detected at the time of recurrence, so a selective arterial 
secretagogue injection (SASI) test was performed before sur-
gery to examine the location of responsible tumors (Table 2).
The SASI test can detect tumor locations that cause symp-
toms using the feeding arteries to the pancreas.14,15 By per-
forming it before surgery, it may be possible to determine the 
region of the tumor that needs to be removed. MEN1 patients 
often have multiple pNENs or microadenomas that cannot 
be detected by radiological imaging; therefore, we consider 
SASI testing is essential for appropriate surgery, especially 
in M-pNEN16. To completely reduce the risk of developing 

pNEN in M-pNENs patients in the future, total pancreatec-
tomy (TP) could be considered. However, M-pNEN patients 
was young such as 43.3 years in our series; therefore, life-
long insulin injection and complete loss of pancreatic exo-
crine functions after TP would have a big impact on QOL. 
Therefore, we selected function-preserving minimal surgery 
for pNEN in M-pNEN patients with strictly follow-up for de-
veloping pNEN after surgeries.

To investigate the genetic background of the frequent oc-
currence of M-pNEN, menin, which is encoded by the caus-
ative gene (MEN1), was stained in our series. To date, there 
have been reports that menin translocation to the nucleus is 
inhibited in M-pNEN, resulting in increased cytoplasmic 
staining and decreased nuclear staining.9 On the other hand, 
the increased cytoplasmic staining of menin in M-pNEN was 
not found in our series irrespective of using the same anti-
body of menin. The previous report9referred the relationship 
between the MEN1 gene mutations and the immunohisto-
chemical expressions of menin. Therefore, it is likely that 
the S-pNEN group includes a considerable number of MEN1 
gene mutation cases. This may lead to different results of 
staining pattern of menin. Although an increase in the cyto-
plasm was not clear in our series, a decrease in nuclear stain-
ing was observed in many cases of M-pNEN (86%). This is 
the first report to describe a significant difference in the rate 
of nuclear staining of menin between M-pNEN and S-pNEN; 
therefore, it is a valuable data set.

Interestingly, multiple pNENs that occurred in one patient 
with MEN1 had different hormone patterns in each tumor; 
however, they showed similar menin staining patterns. This 
result suggests that MEN1 patients have lost one MEN1 
allele since their birth, but that damage to the other allele 
occurred after each islet cell had differentiated and become 
tumorous.17 Further research is required regarding the tumor 
development of M-pNEN. In addition, all microadenomas 
occurring in M-pNEN patients showed a similar staining pat-
tern, which is more easily detected by immunohistochemical 
staining of menin; thus, diagnosing M-pNEN may be helped 
by detecting menin downregulation in microadenomas of the 
resected pancreas.

This research has some limitations. As a result of this sin-
gle-center retrospective study, the number of M-pNEN cases 
is very limited. There is also the slight possibility that patients 
who have not yet been diagnosed as MEN1 were grouped into 
the S-pNEN group. The evaluation of immunohistochemical 
staining was performed with a single reagent, and few cases 
have been verified.

In conclusion, M-pNEN patients tend to develop spa-
tially and temporally multifocal pNENs. The expression of 
pancreatic hormones was different in each M-pNEN in our 
series; therefore, the SASI test is recommended for appro-
priate resection in symptomatic multiple M-pNENs. The 
prognosis of M-pNEN patients is favorable with repeated 

F I G U R E  4   Overall survival curves of M-pNEN and S-pNEN 
patients
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surgeries at recurrence. Therefore, minimal resection with 
strict follow-up can be recommended rather than exten-
sive pancreatic resections conducted in case of M-pNEN 
recurrences.
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