
Introduction
Multiple endocrine neoplasia type 1 (MEN1) is a rare genetic
disorder (prevalence 3:100 000) with autosomal-dominant in-
heritance [1]. A mutation in the MEN1 gene on chromosome
11q13, a tumor suppressor gene, leads to hyperplastic and
neoplastic disorders of endocrine organs, including the para-
thyroid gland (95%), anterior pituitary gland (30%), and pan-
creas [2–4]. Pancreatic neuroendocrine tumors (PNETs) are
found in 30%–75% of patients with MEN1 and are most often
nonfunctional [5, 6]. Nevertheless, the presence of nonfunctio-
nal PNETs is associated with an increased risk of MEN1-related
premature death [2, 7]. An early diagnosis and timely interven-
tion is thought to lead to a better long-term outcome [8]. The-
refore, screening and surveillance of PNETs in MEN1 is warran-
ted, even if the patient is asymptomatic.

Endoscopic ultrasound (EUS) is the most sensitive modality
to screen for PNETs and enables visualization of small lesions
that are frequently missed with computed tomography (CT),
magnetic resonance imaging (MRI), or somatostatin receptor
scintigraphy (P <0.001) [4, 9, 10]. Functional PNETs are often

surgically removed to treat the endocrine syndrome (indepen-
dent of size), especially when medical therapy fails [11]. There
is consensus that nonfunctional PNETs larger than 20mm
should be surgically removed because of the increased risk of
metastasis. A conservative approach is considered to be safe
for smaller nonfunctional PNETs [11–15]. Nevertheless, some
guidelines advise to consider surgical resection of nonfunctio-
ning PNETs >10mm because of a scarcity of evidence-based
data on the risk of metastasis of PNETs of 10–20mm [11]. Fur-
thermore, surgical resection is suggested for PNETs that show a
significant growth rate (e. g. ≥5mm per year) and exceed 10
mm in size. However, because of the potential morbidity of sur-
gery, this approach requires an informed patient choice, ideally
based on scientific evidence. Currently, little is known about
the growth rate of small PNETs and the proportion of small
PNETs that progress to large PNETs. Furthermore, little is known
about annual incidence rates of new PNETs. Therefore, the aims
of this study were to evaluate the growth rate and annual inci-
dence of small PNETs ( < 20mm) in patients with MEN1 using
EUS in a large cohort of patients.
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ABSTRACT
Background and aims In multiple endocrine neoplasia type 1

(MEN1), endoscopic ultrasound (EUS) is used for identification and

follow-up of pancreatic neuroendocrine tumors (PNETs). The role of

EUS in surveillance of small ( < 20mm) PNETs is unclear, mostly be-

cause the natural course of these lesions is largely unknown. We ai-

med to determine annual growth and incidence rate of small PNETs

in patients with MEN1 using EUS-based surveillance.

Patients and methods Linear array EUS procedures in patients

with MEN1 between 2002 and 2015 were identified. Number, size,

and location of PNETs were recorded. Annual growth of PNETs < 20

mm identified at the initial EUS (“prevalent” PNETs) and during fol-

low-up (“incident” PNETs) was calculated using mixed model linear

regression analysis.

Results A total of 54 patients were identified and 38 patients were

included. In all, 226 PNETs were identified (median size 5.0mm, in-

terquartile range 3.7–7.5) of which 124 (55%) were prevalent and

102 (45%) were incident PNETs. Annual incidence rate was 0.79

PNETs/year (95% confidence interval [CI] 0.73 to 0.87). Overall

growth rate was 0.10mm/year (95%CI 0.02 to 0.19; P=0.01); PNETs

< 10mm (n=198) did not grow (P=0.23), whereas PNETs ≥10mm

(n=28) grew 0.44mm/year (95%CI 0.10 to 0.78; P=0.01). Prevalent

PNETs grew 0.21mm/year (95%CI 0.10–0.32; P <0.001), whereas

incident PNETs did not grow (P=0.26).

Conclusions The annual growth rate of small, solid PNETs in pa-

tients with MEN1 is lower than previously thought. Surveillance in-

tervals could probably be prolonged without compromising safety.
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Patients and methods
Patients

This study was conducted at the Department of Gastroenterol-
ogy and Hepatology of the University Medical Center Utrecht,
The Netherlands– a tertiary referral center for patients with
MEN1. The research protocol was approved by the institutional
review board.

Patients were identified using a prospective database of
MEN1 patients who were under endoscopic follow-up, using
the key words “EUS” and “MEN1.” Procedures between May
2002 and April 2015 were included. Patients were eligible for
inclusion if they were aged ≥18 years and had undergone at le-
ast two EUS procedures for evaluation of the pancreas for the
presence of NETs. The diagnosis of MEN1 was based either on
genetic analysis or on commonly used and accepted clinical cri-
teria, stating that at least one MEN1 manifestation combined
with at least one first-degree family member with genetically
proven MEN1 is required for a diagnosis [11].

Demographic data and data on (previous) surgical treat-
ment of PNETs were recorded. Furthermore, reports of CT/MRI
of the pancreas less than 1 year before surgery were reviewed.

Endoscopic ultrasound procedures

In accordance with guidelines, patients with MEN1 underwent
surveillance imaging annually [11]. In our center, surveillance
imaging of the pancreas is done with CT or MRI alone in the ma-
jority of patients. EUS is used to monitor multiple small PNETs,
when there is doubt about growth of small lesions on CT/MRI,
or when symptomatology suggests a functional NET without a
visible lesion on CT/MRI.

Procedures were performed by four experienced ultrasono-
graphers (> 150 annual EUS procedures), who utilized the
same technique of EUS surveillance [16]. The senior author of
the paper (F.P.V.) performed the majority of procedures (78%).
Procedures were performed using a linear array echoendoscope
(GF-UC140P, GF-UCT140-AL5, or GF-UCT180; Olympus, Ham-
burg, Germany). Patients were placed in the left lateral decubi-
tus position and vital functions were monitored during the pro-
cedure. Conscious sedation using intravenous midazolam and
fentanyl was administered in the majority of the procedures
(96%); the remaining procedures were performed with monito-
red anesthesia care using intravenous propofol and alfentanil.

Procedural data were collected, including ultrasonographer,
date of procedure, and echoendoscope used. Data on PNETs in-
cluded number, size, location, and appearance. Although EUS
appearance of PNETs may vary, a typical PNET is solid, with or
without a cystic component, well demarcated, hypoechoic,
and homogeneous (▶Fig. 1) [4]. All pancreatic lesions meeting
these criteria were considered to be PNETs, which is standard
practice in EUS surveillance of PNETs in patients with MEN1 [4,
17–19]. In the majority of (asymptomatic) patients with MEN1,
one or multiple PNETs are found and for this reason, histology
of detected pancreatic lesions is not regularly obtained [20–
23]. Lesions described as cysts, without a halo sign or a solid
component, were considered to be pancreatic cysts or side-

branch intraductal papillary mucinous neoplasms and were ex-
cluded from the analyses.

PNETs ≥20mm during the initial EUS were excluded from the
growth rate analysis. Only PNETs that were identified again du-
ring at least one follow-up EUS were considered for analysis, the
exception being new PNETs visualized during the last EUS pro-
cedure [17]. PNET measurements were grouped with previous
measurements based on the reported location in the pancreas
(e. g. measurements of PNETs in the pancreatic head were grou-
ped with previous measurements of PNETs in the pancreatic
head). If multiple PNETs were found in one region, measure-
ments were allocated based on the description in the endosco-
py report (e. g. appearance or proximity to certain landmarks of
the PNET). If such a description was not available, allocation
was based on size; the largest lesion within a region during the
previous EUS was assumed to be the largest lesion during the
next EUS.

Distinction was made between PNETs that were visualized
during the first EUS procedure (“prevalent” PNETs) and PNETs
visualized during a subsequent EUS procedure (“incident”
PNETs). For a subgroup analysis, PNETs were categorized by
diameter of the longest axis at first visualization into five clas-
ses: (1) 0–4mm, (2) 5–9mm, (3) 10–14mm, (4) 15–19mm,
(5)≥20mm [24].

Study outcomes

The primary outcomes of the study were the growth rate of
small ( < 20mm) PNETs, measured as tumor diameter of the lon-
gest axis, and incidence of new PNETs that were not identified
during previous EUS. Secondary outcomes were number of
PNETs that increased≥2 categories (at least 5mm) in size du-
ring follow-up, and the proportion of surgically removed PNETs
that were also detected with CT or MRI.

Statistical analysis

Categorical variables were expressed as proportions. Continu-
ous variables were expressed as median (interquartile range
[IQR]) or mean (SD), where appropriate. The growth rate of
each lesion was calculated with linear mixed model analysis

▶ Fig. 1 Typical round, hypoechogenic, well-demarcated appea-
rance of a pancreatic neuroendocrine tumor.
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with random intercepts per patient and lesion to adjust for mul-
tiple observations per lesion in the same patient. Annual inci-
dence of new PNETs was calculated by dividing the number of
new PNETs by the total follow-up time (i. e. time between first
and last procedure) of all patients combined. If a previously de-
tected lesion was not described during a follow-up EUS, but was
visualized during an EUS thereafter, the missing measurement
was not considered in the analysis. Growth rates were compar-
ed by adding a multiplicative interaction term to the model and
examining the significance.

Analyses were performed using R, version 3.3.0 (R Develop-
ment Core Team 2016) or SPSS version 23 (IBM Corp., Armonk,
New York, USA). A P value of < 0.05 was considered to be statis-
tically significant.

Results
Patients

A total of 54 patients with MEN1 who underwent screening EUS
for PNETs were identified and 38 patients were included in the
study (▶Fig. 2). Patient characteristics, imaging studies perfor-
med before the initial EUS, and indication for initial EUS are
shown in ▶Table1. Four patients (11%) had a history of pancre-
atic surgery: enucleation in one, distal pancreatectomy in two,
and Whipple resection in one. None of the patients had a histo-
ry of chronic pancreatitis. A total of 169 EUS procedures were
included (median 4, IQR 2–5). Median time between procedu-
res was 10.5 months (IQR 6.3–13.0). The majority of included
patients underwent EUS every 6–12 months.

PNETs

In the 54 identified patients, 303 pancreatic lesions were visu-
alized during the screening EUS. In the 38 included patients, a
total of 275 focal pancreatic lesions were detected. A total of
226 PNETs were included in the analysis (median 6, IQR 3–8)
after excluding completely cystic lesions (n =23, 8%), PNETs de-
tected only once (n=18, 7%), and PNETs≥20mm at the first vi-
sualization (n =8, 3%) (▶Fig. 2). A total of 124 PNETs were visu-
alized during the first EUS procedure (“prevalent” PNETs, 55%)
in 33 patients (▶Fig. 2). During surveillance EUS, an additional
102 incident PNETs were identified (45%), after a median of 2.4
years (IQR 1.1–3.5) since the initial EUS procedure. A total of
66 PNETs (29%) were located in the head/uncinate of the pan-
creas and 160 (71%) were in the body/tail of the pancreas. At
first visualization, 28 PNETs (12.4%) were≥10mm (24 preva-
lent and 4 incident PNETs). In total, 129 patient follow-up years
(median 3.2, IQR 1.5–5.6) and 553 PNET follow-up years (me-
dian 2.5, IQR 0.5–3.6) were available for analysis.

Size, growth rate, and incidence

▶Table 2 shows size and growth rate of the diameter of the lar-
gest axis of all included PNETs, prevalent and incident PNETs,
PNETs <10mm, and PNETs≥10mm at first identification. At
the time of first detection, the median size of PNETs (n=226)
was 5.0mm (IQR 3.7–7.5). Prevalent PNETs were larger at first
detection than incident PNETs (P <0.001).

The annual growth of the largest diameter of all PNETs (n =
226) was 0.10mm (P =0.01) (▶Table2). Prevalent PNETs (n =
124) grew 0.21mm per year (P <0.001) while incident PNETs
(n =102) did not grow (P=0.26); this difference was significant
(P <0.01). PNETs <10mm at first identification (n =198) did not
grow (P=0.23), whereas PNETs≥10mm (n=28) grew 0.44mm/
year (95%CI 0.10 to 0.78; P=0.01) and this difference was sig-
nificant (P<0.001). The most rapid growth was seen in preva-
lent PNETs that were≥10mm during the initial EUS (n =24;
0.76mm per year; P<0.001) (▶Table2).

During follow-up, three PNETs (3 /226; 1%) in three patients
(8%) grew to≥20mm, 26–30 months after the initial EUS. All
three PNETs were prevalent PNETs, and sizes at the initial EUS
were 14, 16.6, and 18mm, respectively. In nine patients (24
%), the size of 11 PNETs (5%) increased significantly (≥5mm),
after a median of 2.6 years (IQR 2.3–3.3); all 11 PNETs were
prevalent at initial EUS, with a median size of 7.0mm (IQR 4.5–
10.8). None of the included PNETs metastasized during the stu-
dy period. Location of the PNET was not correlated with growth
(P=0.87). In five patients (13%), six PNETs (3%) increased two
categories in size after a median of 1.0 year (IQR 1.0–1.1).
The risk of significant growth increased with the number of
PNETs visualized in a patient during initial EUS (odds ratio [OR]
1.48 per additional PNET visualized, 95%CI 1.03 to 2.11; P =
0.03).

54 patients EUS for MEN1

38 patients included

169 EUS procedures

Only one EUS procedure n = 14
No PNET n = 2

Reasons for exclusion:
▪ PNET ≥20 mm n = 8 
▪ PNET identified only once 
 n = 18 
▪ Completely cystic lesion 
 n = 23

Imaging prior to EUS:
▪None n = 2
▪CT n = 14
▪MRI n = 26
▪Radionuclide uptake n = 7

275 lesions identified

226 PNETs included

124 prevalent PNETs 102 incident PNETs

Imaging during follow-up:
▪EUS n = 38
▪CT n = 25
▪MRI n = 33
▪Radionuclide uptake n = 12 

▶ Fig. 2 Patient inclusion flowchart. EUS, endoscopic ultrasound;
MEN1, multiple endocrine neoplasia type 1; PNET, pancreatic neu-
roendocrine tumor.

Kappelle Wouter FW et al. EUS surveillance for small PNETs in MEN1 patients… Endoscopy 2017; 49: 27–34 29

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f U

tr
ec

ht
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



The annual detection rate of new PNETs (incidence rate) was
0.79 per patient-year of follow-up (95%CI 0.73 to 0.87). One in-
cident PNETwas 20mm at first visualization, during EUS perfor-
med just 1.5 months after the initial EUS procedure; none of
the remaining incident PNETs grew to≥15mm during follow-
up.

No differences were seen between the operator who perfor-
med 78% of the procedures and the remaining three operators
with regard to number of PNETs visualized during each EUS (P =
0.65 after correction for timing of EUS), incident PNET detecti-
on rate (0.85 vs. 0.55; P =0.08), or size of incident PNETs (P =
0.57 after correction for timing of EUS).

Surgery

During follow-up, 12 surgical resections were performed in 11
patients (29%) (▶Table 3). In five patients, surgery was perfor-
med for PNETs that were≥20mm at first detection. Seven pa-
tients underwent surgery after surveillance EUS for PNETs that
were <20mm at first detection; this was done because of
growth of the PNET (n=4) or because the PNETs were hormo-
ne-producing and conservative treatment was unsatisfactory
(n =3). All PNETS≥10mm that prompted surgical resection
had also been visualized with CT/MRI less than 1 year before
surgery. In one patient, the PNETs were only visualized with
EUS prior to surgery; in this patient, however, elevated chromo-
granin A levels were detected.

Discussion
This EUS-based surveillance study shows that the growth of
small PNETs ( < 20mm) in a large cohort of patients with MEN1
is slow. Only a few small PNETs exceeded 20mm during follow-
up. The risk of significant growth was higher if a PNET was≥10
mm and increased if a higher number of PNETs was found. The
incidence rate of new PNETs was high, but these PNETs were of-
ten <10mm and did not grow during follow-up.One incident
PNET was 20mm at discovery and required surgery, but none
of the remaining 101 incident PNETs exceeded 15mm during
follow-up, suggesting that clinical relevance of incident PNETs
is limited. Finally, all PNETs≥10mm for which surgery was per-
formed were also detected with CT/MRI.

Our findings on growth rate of small, asymptomatic PNETs in
patients with MEN1 are in line with the results of a recent, nati-
onwide study in The Netherlands [25]. In this study, CT and MRI
were used to assess growth rate of PNETs (n =92) over a median
follow-up period of 4 years (range 0.5–16.5). Median baseline
tumor size in the study (12.0mm, range 3–82) was larger than
in our study, which is probably due to the fact that CT and MRI
are less suitable for detecting lesions < 10mm [4]. Even though
much larger PNETs were included, the authors reported no cli-
nically relevant growth ( < 1mm per year). Sakurai et al. [26] re-
ported on 13 prevalent PNETs using CTwith a follow-up ranging
from 24 to 115 months. Only one PNET showed significant
growth ( >20%), but this PNETwas already 31mm during the in-
itial EUS. In another study, the Groupe des Tumeurs Endocrines
reported an increase of PNET size of at least two categories
(median baseline size 6.0mm, range 2–60) in 2 of 16 patients

▶Table 1 Baseline characteristics.

Patient characteristics n=38

Sex, male, n (%)  13 (34)

Age , mean (SD), years  41 (14)

Surgery prior to EUS, n (%)   4 (11)

Alcohol consumption, n (%)

None  12 (32)

1–2 unit(s) per week  19 (50)

1 unit per day   3 (8)

2 units per day   4 (11)

Prior imaging modality, n (%)

None   2 (5)

CT  14 (37)

MRI  26 (68)

Radionuclide uptake scan   7 (18)

Indication initial EUS, n (%)

Doubt about growth  16 (42)

Suspicion of functional PNET  14 (37)

Multiple small PNETs   4 (11)

More detail about location   3 (8)

Other   1 (3)

Imaging during follow up, n (%)

CT  25 (66)

MRI  33 (87)

Radionuclide uptake scan  14 (37)

No. of EUS procedures, median (IQR), n   4 (2–5.3)

Patient follow-up, median (IQR), years   3.2 (1.1–5.6)

No. of PNETs, median (IQR), n  7 (4– 9)

PNET characteristics n =226 (100)

Location PNET, n (%)

Head/uncinate  66 (29)

Body/ tail 160 (71)

Size PNET, mm

0–4  99 (44)

5–9  99 (44)

10– 14  21 (9)

15– 19   7 (3)

PNET follow-up, median (IQR), years

Total 2.5 (0.5–3.6)

Prevalent PNETs 2.6 (0.6–3.6)

Incident PNETs 2.4 (0.0–3.6)

EUS, endoscopic ultrasound; CT, computed tomography; MRI, magnetic
resonance imaging; PNET, pancreatic neuroendocrine tumor; IQR, inter-
quartile range.
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after a median follow-up of 50 months (range 12–70) with EUS,
resulting in a patient number-needed-to-test of 8, comparable
to the number we found (5 of 38 patients; 7.6) [24]. In another
EUS-based surveillance study by Kann et al., median baseline
size of PNETs was also 5mm [17]. However, the authors report-
ed a growth of 1.3% (SD 3.2%) per month, which would result
in an annual growth of 16.8% per year (1mm in the first year),
whereas we found an annual growth of 0.10mm (2%). Fewer
patients (n =20) and fewer PNETs (n =61) were included in that
study. Moreover, considerably fewer patient and tumor follow-
up years were available than in the current study: 33.8 vs. 129
patient-years and 106.7 vs. 553 tumor-years, respectively. Fur-
thermore, only four patients (11%) from our cohort had a histo-
ry of pancreatic surgery, whereas 10 patients (50%) in the study
by Kann et al. had previously undergone surgery [17]. These
findings suggest that patients referred to Kann’s institution
had a more aggressive disease course.

We found that prevalent PNETs grew significantly faster than
incident PNETs (P<0.01), unlike a recent study in which incident
PNETs were found to grow significantly faster than prevalent
PNETs (P=0.01) [18]. Although the study by D’souza et al. had
a long follow-up, only 11 patients with 30 PNETs (18 prevalent
PNETs and 12 incident PNETs) were included. Furthermore, EUS
data from 1990–2010 were used and cystic lesions were inclu-
ded. Although age at the initial EUS was comparable (41 vs. 42
years), we found more (3.3 vs. 1.6 PNETs/patient) but smaller
PNETs (6.0mm vs. 9.5mm) during initial EUS. This suggests
that in the other study, small prevalent PNETs may have been
missed initially and were only visualized after having grown lar-
ger, thus erroneously being considered an incident PNET. Mo-
reover, 8 of 11 patients had a history of distal pancreatectomy
and 9/18 prevalent PNETs (50%) were ≥10mm during initial
EUS; in our cohort this was seen in only 24/124 (19%) PNETs. Fi-
nally, technical advancements in EUS equipment in our more
recent cohort may have played an important role as small PNETs
are easily missed; this is demonstrated by the fact that often
more PNETs are found during pancreatectomy than during ima-
ging studies [15, 20–23, 27].

The incidence rate of new PNETs reported by Kann et al. was
comparable to our findings: 0.62 vs. 0.79 PNETs per patient-
year follow-up, respectively [17]. D’souza et al. reported 12 in-
cidental lesions during 72.4 patient-years of follow-up, resul-
ting in an incidence rate of just 0.17 PNETs per patient-year
[18]. Sakurai et al. reported 6 new lesions during 91 follow-up
years, resulting in an incidence of just 0.07 PNETs per patient-
year [26]. The lower incidence rate of this latter study is explai-
ned by the fact that CT was used to detect PNETs. It is likely that
lesions that were considered incident PNETs in the study by Sa-
kurai et al. were in fact already prevalent during an earlier ima-
ging study, but were too small to be detected.

The current study suggests that the clinical benefit of sur-
veillance EUS may be limited. Previous studies have shown that
a size ≥20mm is a predictive and easily workable cutoff point to
identify patients at risk for PNET-related metastasis [12, 15, 24,
28, 29]. The decision to perform surgery is often based on the
largest PNET, thus limiting the clinical relevance of detecting
smaller PNETs. As can be seen in ▶Table 3, surgically resected
PNETs ≥10mm were all visualized with CT/MRI beforehand. Fur-
thermore, EUS surveillance may not be useful if no PNETs are
visualized during the initial EUS, since incident PNETs almost
never grow beyond 20mm. One “incident” PNET in our study
was 20mm when it was first mentioned in the endoscopy re-
port, and it was described as having a lymph node-like appea-
rance. This EUS procedure was performed only 1.5 months after
the initial EUS procedure. There was no mention of the PNET in
the initial EUS report, while the PNET was already visible on CT/
MRI, and EUS was repeated to visualize the lesion to make an in-
formed decision about surgical intervention. During surgery,
the lesion was found in the tail of the pancreas and the tail was
resected. It is likely that the lesion was prevalent during the in-
itial EUS, but that there was no mention of it in the report be-
cause it was considered a lymph node.

Initial screening and surveillance for PNETs in patients with
MEN1 can be performed with CT/MRI, as lesions ≥10mm are
found at least as often with MRI as with EUS, and asymptomatic
PNETs <10mm have limited clinical relevance [19]. If a patients’
symptomatology suggests a functional PNET, then EUS is the

▶Table 2 Size and annual growth of pancreatic neuroendocrine tumors.

n Initial EUS, median (IQR), mm Annual growth (95%CI), mm P value

PNETs 226 5.0 (3.7 –7.5) 0.10 (0.02 to 0.19) 0.01

Prevalent

< 10mm 100 5.0 (4.0 –7.1) 0.11 (0.003 to 0.21) 0.04

≥10mm  24 12.0 (10.8–15.0) 0.76 (0.42 to 1.11) < 0.001

Total 124 6.0 (4.0 –8.5) 0.21 (0.10 to 0.32) < 0.001

Incident

< 10mm  98 4.2 (3.0 –5.9) –0.03 (–0.13 to 0.07) 0.54

≥10mm   4 12.3 (11.3–12.7) –0.63 (–1.47 to 0.21) 0.17

Total 102 4.4 (3.0 –6.0) –0.06 (–0.18 to 0.05) 0.26

EUS, endoscopic ultrasound; IQR, interquartile range; CI, confidence interval; PNET, pancreatic neuroendocrine tumour.
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imaging modality of choice if CT/MRI shows no PNET, as EUS is
the most sensitive modality for detecting smaller PNETs
[4, 9,10,19,20]. Based on the findings of the current study, if a
PNET of 10–19mm is identified during screening CT/MRI, then
surveillance imaging should be performed after 6–12 months
to avoid potential delay in surgery. If only PNETs <10mm are
visualized during screening, surveillance CT/MRI after 6–12
months can be useful to assess whether there is growth of the
PNETs. If limited growth of the PNETs (i. e. < 5mm) is observed
at that time and no PNET is≥20mm, periodic surveillance ima-
ging using MRI or CT with longer intervals (e. g. once every 2–3
years) may be justified. Additional EUS imaging can then be
performed when symptomatology suggests a functional NET
but CT/MRI show no PNET, or when there is doubt about
growth of a PNET on CT/MRI (▶Fig. 3). This approach is largely
in line with previous recommendations [15].

This study has some potential limitations. Histology assess-
ment was not available in the majority of PNETs. However, ob-
taining histology of pancreatic lesions in MEN1 is not common
in clinical practice or clinical studies, as the a priori chance that
a pancreatic lesion is a PNET is very high in patients with MEN1
[4, 17–23]. In certain cases, histological assessment could be
considered when there is doubt about neuroendocrine origin
of the lesion (i. e. when EUS features are suggestive of adeno-
carcinoma). However, we never encountered such a dilemma.
Dedicated effort went into allocating measurements to the cor-
rect PNET by using a hierarchal model. Nevertheless, measure-
ments within one region of the pancreas were grouped based
on size if no further description of the PNETs was available.
Theoretically, it is possible that an incident PNET grew larger
than a previously visualized PNET between two EUS procedures.
However, no growth was observed in solitary incidental PNETs,
in which re-identification is not difficult. Although this shortco-
ming may be more profound in a retrospective study, a pro-
spective study would require similar assumptions. Unless a
PNET has distinct features, allocating measurements to the cor-
rect PNET can only be done based on the previously reported

location and size. It is seldom possible to determine the exact
location of a PNET on previously recorded images. Therefore,
the ultrasonographer needs to rely largely on the previous EUS
report; this is a well-known shortcoming of (E)US.

This was a single-center study, which can be considered eit-
her an advantage or a disadvantage. The fact that one experi-
enced ultrasonographer performed 78% of the EUS procedures
reduces operator bias; on the other hand, it limits generalizabi-
lity of the study outcomes. However, no differences were ob-
served between the operators with regard to number of lesions
found or incident PNET detection rate. As MEN1 is rare and care
for these patients requires a multidisciplinary approach with
experienced physicians, treatment is centralized in The Nether-
lands. Therefore, limited generalizability is not a clinically rele-
vant shortcoming in the context of care for patients with MEN1.

In conclusion, based on this large cohort, small PNETs in pa-
tients with MEN1 grow more slowly than previously thought,
and EUS-based surveillance of these PNETs appears to have li-
mited clinical value. Although PNETs increase in size, few pa-
tients had a PNET that grew to≥20mm. Only prevalent PNETs
with a size of≥10mm at initial visualization have a relatively
high risk of showing significant growth; PNETs <10mm and in-
cident PNETs did not grow. Therefore, the interval between sur-
veillance imaging could probably be prolonged if only small,
asymptomatic PNETs are found during the initial screening. Fur-
thermore, standard EUS surveillance does not appear warran-
ted because of the limited additional value when compared
with noninvasive imaging modalities.
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▶ Fig. 3 Proposed screening and surveillance imaging strategies for pancreatic neuroendocrine tumors in multiple endocrine neoplasia type 1
(MEN1). CT, computed tomography; MRI, magnetic resonance imaging; PNET, pancreatic neuroendocrine tumor; EUS, endoscopic ultrasound.
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