ORIGINAL ARTICLE

Long-term Follow-up of MENT1 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

Frederic Triponez, MD,* Samira M. Sadowski, MD,* Francois Pattou, MD,T Catherine Cardot-Bauters, MD, 1

Eric Mirallie, MD,§ Maélle Le Bras, MD,9 Frédéric Sebag, MD,

Patricia Niccoli, MD, xx

Sophie Deguelte, MD, 11 Guillaume Cadiot, MD, PhD,11 Gilles Poncet, MD, PhD,$§§

Jean-Christophe Lifante, MD, PhD, Y Francoise Borson-Chazot, MD,

|| Philippe Chaffanjon, MD, PhD,xxx

Olivier Chabre, MD, PhD,tt1 Fabrice Menegaux, MD, 111 Eric Baudin, MD,§8§ Philippe Ruszniewski, MD, 999

Hélene Du Boullay, MD,

Objective: To report long-term follow-up of patients with multiple endocrine
neoplasia type 1 (MEN1) and nonfunctioning pancreatic neuroendocrine
tumors (NF-PET).

Background: Pancreaticoduodenal tumors occur in almost all patients with
MENI and are a major cause of death. The natural history and clinical
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outcome are poorly defined, and management is still controversial for small
NF-PET.

Methods: Clinical outcome and tumor progression were analyzed in 46
patients with MEN1 with 2 cm or smaller NF-PET who did not have surgery
at the time of initial diagnosis. Survival data were analyzed using the Kaplan-
Meier method.

Results: Forty-six patients with  MEN1 were followed prospectively for
10.7+£4.2 (mean = standard deviation) years. One patient was lost to follow-
up and 1 died from a cause unrelated to MEN1. Twenty-eight patients had stable
disease and 16 showed significant progression of pancreaticoduodenal involve-
ment, indicated by increase in size or number of tumors, development of a
hypersecretion syndrome, need for surgery (7 patients), and death from metastatic
NF-PET (1 patient). The mean event-free survival was 13.94 1.1 years after
NF-PET diagnosis. At last follow-up, none of the living patients who had
undergone surgery or follow-up had evidence of metastases on imaging studies.
Conclusions: Our study shows that conservative management for patients
with MEN1 with NF-PET of 2 cm or smaller is associated with a low risk of
disease-specific mortality. The decision to recommend surgery to prevent
tumor spread should be balanced with operative mortality and morbidity, and
patients should be informed about the risk-benefit ratio of conservative versus
aggressive management when the NF-PET represents an intermediate risk.

Keywords: long-term follow-up, multiple endocrine neoplasia type 1,
pancreatic neuroendocrine tumors, surgery

(Ann Surg 2018;268:158—164)

ultiple endocrine neoplasia type 1 (MEN1) is an autosomal

dominant disease that predisposes patients to develop different
endocrine tumors, mainly of the pituitary gland (micro- or macro-
adenoma, functioning or not), the parathyroid glands (primary hyper-
parathyroidism), and the endocrine pancreas (endocrine tumors of the
duodenum and pancreas, functioning or not). Pancreaticoduodenal
tumors are a major cause of premature death in patients
with MEN1.!? Standardized detection and follow-up protocols have
shown that almost all patients with MEN1 will develop pancreatico-
duodenal tumors at some point during their life.>~> Moreover, because
these protocols include high-performance imaging studies, pancreati-
coduodenal tumors are being discovered early in the course of disease.
Many small (<1-2 cm) pancreaticoduodenal tumors are detected during
routine follow-up in patients with MEN], raising the controversy as to
whether surgery should be performed on patients with small tumors.°
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Although most published studies conclude that surgical resection
should be done for insulinoma, vasoactive intestinal peptide secreting
tumor (VIPoma), glucagonoma, and somatostatinoma, the management
of small nonfunctioning pancreatic neuroendocrine tumor (NF-PET) is
highly controversial. Some authors recommend an aggressive resection
as soon as a tumor is identified but others recommend more conservative
management of small tumors, which are variously defined as less than
1 cm, less than 1.5 cm, or 2cm or smaller.” '3

Our previous studies have shown that the risk of developing
lymph node and/or distant metastases correlates with the size of the
primary tumor, and that the risk of death was low for patients with
MENT1 with small (<2 cm) NF-PET.'#!> In these studies, 5 (7.7%)
of 65 patients with NF-PET of 2cm or smaller had synchronous
lymph node or distant metastases and 2 (3.0%) surgical patients died
of the disease. Furthermore, the overall survival of patients with
MEN1 with NF-PET of 2 cm or smaller was similar to the survival of
patients with MEN1 without pancreaticoduodenal involvement.'*
Because of these favorable results, we proposed a conservative
approach for patients with MEN1 who present with NF-PET of 2 cm
or smaller that do not have aggressive features.'*!> These studies,
however, had 2 important limitations. The first was a short mean
follow-up time of 3.3 £2.6 years for patients who did not have
surgery. The second was that metastasis detection is always lower
with imaging studies [Endoscopic ultrasound (EUS), computed
tomography (CT), or magnetic resonance imaging (MRI)] than with
surgery and pathological evaluation. Consequently, some experts
doubted the low risk of metastasis we reported and feared that with
time, many lymph node and/or distant metastases would appear in
the patients who did not have initial surgery.

For all these reasons, we conducted a prospective, long-term
follow-up study of the same cohort of patients with MEN1 with small
NF-PET who had not undergone surgery during the initial follow-
up period.

METHODS

Data Collection and Analysis

A task of the Groupe d’Etude des Tumeurs Endocrines (GTE;
French Endocrine Tumor Study Group) is to maintain a registry of
patients with MEN1 at the Center for Epidemiology of the Popu-
lation at the University of Bourgogne in Dijon, France, receiving
reports on patients with MEN1 from 5 French and Belgium labora-
tories accredited for genetic testing of MEN1 and also from primary
care physicians. Registry data for patients with MENT1 include results
of genetic testing, clinic visit reports, operative reports, pathology
reports, and hospital discharge summaries.>

The MEN1 cohort was approved by the Consultative Com-
mittee on Treatment of Information in Health Research (file number
12.364) and the CNIL (National Committee for Data Protection,
authorization number DR 2013-348). Informed consent was not
required, but patients were informed about their right to withdraw
their data from the cohort.

We selected all patients with MEN1 diagnosed with NF-PET
between June 1956 and April 2003 included in the GTE registry, as
previously described.!> Briefly, NF-PET was diagnosed when 1 or
more pancreatic solid nodules were identified by any imaging studies
and after excluding gastrinomas, insulinomas, glucagonomas, VIPo-
mas, or somatostatinomas. A total of 108 patients with NF-PET were
identified among 579 patients with MENT1 included in the registry at
the time of our previous study.'*!3 Sixty-five of them had NF-PET of
2 cm or smaller of which 50 did not have surgery during the initial
follow-up period. These 50 patients comprise the present study cohort.

Follow-up procedures consisted of sequential imaging and
laboratory studies. The type and frequency of imaging studies

© 2017 The Author(s). Published by Wolters Kluwer Health, Inc.

performed varied among centers and according to the patient’s
disease course, but included at least an imaging study every 3 years
(EUS, CT, or MRI).

Statistical Analysis

Results are presented as mean values £ standard deviation
unless stated otherwise. Event-free survival was analyzed using
the Kaplan-Meier method. For survival analysis, data are expressed
as the time from NF-PET diagnosis to the end of follow-up (at last
pancreatic imaging and biochemical analyses) or death. Death,
surgery, increase in size, or development of hypersecretion were
considered progression of the pancreaticoduodenal involvement and
as “events” in the Kaplan-Meier curves. Statistical analyses were
performed and graphs generated with SPSS software version 23.0.0.0
for MAC (SPSS Inc, Chicago, IL). Legends and numbers of patients
at risk were added to the graphs using Adobe Photoshop CC2015.1.1
(Adobe Systems Incorporated, San Jose, CA).

RESULTS

Patient Characteristics

At the end of our 2003 study of 50 patients with NF-PET of
2cm or smaller who had not had surgery,'*!> 1 patient had died of
thymic tumor and 3 were lost to follow-up. This resulted in a cohort
of 46 patients with a total follow-up time of 10.7 £4.2 years (from
the date of NF-PET diagnosis to the end of this present study). The
follow-up interval from the end of our previous study to the end of the
present study is 7.7 & 3.1 years.

At the time of NF-PET diagnosis, patients were 39.9 4+ 13.6
years old and presented with 96 pancreatic tumors (2.3 = 1.9 tumors/
patient) averaging 9.3 & 5.0 mm. These tumors were identified in 21
patients by CT, in 17 by EUS, in 5 by MR and in 3 by unknown
imaging studies.

One patient was lost to follow-up (alive with 4 NF-PET, the
largest was 1.7 cm after 2 yr of additional follow-up), and the 45 other
patients were still being followed at the end of the present study (Fig. 1).
One of these 45 patients died of a cause unrelated to MEN1 at age 76.
Another patient died of metastatic NF-PET at age 67. Initially, at age 57,
he had an elevated pancreatic polypeptide (PP) level (1432 pg/mL)
without evidence of a pancreatic tumor on CT and EUS (although patient
morphology made it difficult to analyze the imaging studies). At the age
of 60, the patient had an increase in PP to 2287 pg/mL and a CT scan was
still described as normal. Then at the age of 63, the PP was stable but
EUS showed 3 pancreatic tumors of 3, 5, and 7 mm. One year later, EUS
and CT showed 5 NF-PET with a maximum size of 16 mm and numerous
hepatic masses, confirmed to be of endocrine nature on biopsy (maxi-
mum size 4.3 cm). He died 3 years later of disease progression after
multiple regimens of chemotherapy.

Long-term Outcomes

Seven patients (15.2%) underwent surgery after initial con-
servative management at 5.9+4.7 years of follow-up (Table 1,
Fig. 1). The indication for surgery was an increase in size of the
largest tumor over 2 cm for 3 patients; hypersecretion for 3 patients [ 1
with insulinoma, 1 with Zollinger-Ellison syndrome (ZES), and 1
with VIPoma], and for 1 patient, development of a single hepatic
metastasis that led to a combined pancreatic + liver resection. The
patient with ZES was initially managed medically, but later under-
went surgery (Whipple procedure) for an intestinal perforation that
developed while the patient was on proton pump inhibitor (PPI)
therapy. In 2 patients, preoperatively unidentified lymph node meta-
stases were found at pathological evaluation (1 in the patient with
ZES and 1 in a patient with a 25 mm NF-PET; patients 2 and 3 in
Table 1). After a postoperative follow-up time of 5.0+ 2.4 years,
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FIGURE 1. Flow chart of study cohort with number of patients and mean follow-up times of the entire cohort and of the subgroups

(years & standard deviation). F/u indicates follow-up.

these 7 patients are considered ‘“‘oncologically cured,” although 3
patients have new NF-PET on imaging studies and the patient with
ZES is still receiving treatment with PPI; his hypergastrinemia is
well controlled.

Of the 39 patients in the nonsurgical cohort (Fig. 1), 4 (8.7%)
had a significant increase in the size (7.5 & 4.5 mm) of their NF-PET
after a follow-up time of 13.9 £ 5.2 years but did not undergo surgery.
In 4 patients (8.7%) a hypersecretion developed after a follow-up
time of 13.7 2.5 years. Three patients had ZES with tumors of less
than 1cm detected on imaging studies; their symptoms are well

controlled with PPI therapy. One patient, a 35-year-old with hyper-
insulinism and 4 pancreatic nodules identified on EUS (largest
11mm) is currently receiving somatostatin analogs and does not
wish to have surgery.

Twenty-eight of the 46 patients (60.9%) have clinically
stable disease after 10.3+3.5 years of follow-up. At the
beginning of their pancreaticoduodenal MEN1-associated disease,
these patients presented with an average of 2.3+1.8 lesions
per patient; maximum size of 10.6 =4.5mm (total, 61 lesions).
At the end of follow-up, these patients had an average of 2.9 £2.3

TABLE 1. Characteristics of Multiple Endocrine Neoplasia Type

1 Patients Who Underwent Surgery

Age at NF-PET Interval to Indication for f/u After
Patient Diagnosis (yr) Surgery (yr) Surgery Surgery Surgery (yr) Last f/u
1 51.2 9.1 Increase in size DSP 6.3 2 New NF-PET (max 4 mm)
(max 29 mm) PP normal, NIDDM
2 34.1 11.5 Increase in size Whipple + enucleation, 3.4 3 NF-PET (max 15mm), no
(max 25 mm) 1LN +/7LN evidence of LN or distant
mets
3 49.4 11.2 ZES, NF-PET stable Whipple (4 gastrinoma, 1.2 Persistent hypergastrinemia,
in size 1LN +/1LN) no evidence of LN or
distant metastasis
4 30.4 4.8 Symptomatic VIPoma DSP + enucleation 39 NIDDM, biochemically cured
of VIPoma, no evidence
of tumor on MRI
5 59.3 32 Hepatic metastasis DSP + enucleation + left 5.1 No evidence of tumor on CT
(8 mm) hepatic lobectomy
OLN +/6LN
6 42.5 1.0 Increase in size Body + tail resection 8.3 3 new NF-PET (max 4 mm),
(max 25 mm) PP normal
7 36.2 1.0 Insulinoma + increase Body + tail resection + 6.8 NIDDM, biochemically cured

in size (max 22 mm)

enucleation of
8 tumors

of insulinoma, no new
tumor on MRI

Number of positive LN/number of resected LN.

DSP indicates distal splenopancreatectomy; f/u, follow-up; LN, lymph node; max, maximum size; NIDDM, non—insulin-dependent diabetes mellitus.
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FIGURE 2. Follow-up of growth of NF-PET in mm, as afunction of
time in years represented graphically. Time was defined until date
of last follow-up, or time until surgery for patients who underwent
surgery. Patients who underwent surgery are represented by red
lines, patients who were followed clinically by blue lines, the
patient who died from MENT1 disease by a black line, the patient
who died of a non—MENT-related cause by a dashed black line,
and the patient lost to follow-up by a green line.

lesions per patient; maximum size of 10.9 +3.8 mm (total, 79
lesions).

The changes in the diameter of the initially diagnosed NF-PET
are shown in Figure 2.

Overall event-free survival of the entire cohort, for which
surgery, increase in size or secretion, and death were all considered
events, was 13.9 £ 1.1 years (Fig. 3A). Surgery-free survival of the
entire cohort, with surgery defined as an event, was 16.6 £ 1.0 years
(Fig. 3B).

At the time of last follow-up, all 45 patients had MEN1-
associated primary hyperparathyroidism. Five patients had nonsur-
gical therapy, 31 had surgery once, 7 had surgery twice, and 2
patients had surgery 3 times. Twenty-eight patients had MENI1-
associated pituitary disease: 18 had nonsurgical therapy (13 with
prolactinomas, 4 with nonsecreting adenomas, and 1 with growth
hormone adenoma) and 10 had surgery for their pituitary disease (4
with prolactinomas, 4 with nonsecreting macroadenomas, and 2 with
Cushing disease, 1 of whom finally underwent bilateral adrenalec-
tomy for recurrent Cushing disease after hypophysectomy). Thirteen

100%

FIGURE 3. Kaplan-Meier representation
of event-free survival curves after NF-PET
diagnosis. A, Overall event-free survival
of entire cohort, including surgery,
increase in size or secretion, and death 205
as events. B, Surgery-free survival of the
entire cohort, in which surgery is defined

60%

40%

Event free survival

0%

patients had adrenal disease: 9 had nonresected adrenal cortical
adenoma, 2 had their cortical adenomas resected, and 2 had adrenal
Cushing adenomas resected. Three patients developed lung carci-
noids (surgical management in 1 patient, follow-up only in the 2
others). Only 1 patient had none of the common MEN1-associated
diseases at last follow-up.

DISCUSSION

This prospective follow-up study of the same cohort of
patients with MEN1 with small NF-PET who had not undergone
surgery during the initial follow-up period'> extended the follow-up
interval of the original study by 7.7 & 3.1 years, for an average of
10.7 4.2 years. This long-term study shows that 60.9% of patients
continued to have stable disease, whereas only 39.1% show signifi-
cant progression of pancreaticoduodenal involvement (either
increase in size or number of tumors and/or development of a
hypersecretion syndrome). Sixteen percent of patients underwent
pancreaticoduodenal surgery and only 1 patient (2.2%) died of
metastatic NF-PET. Furthermore, none of the alive patients presented
with metastases at the last follow-up visit. To our knowledge, this is
the largest study of patients with MEN1-associated NF-PET who did
not have initial surgery at diagnosis and who had a mean follow-up
time of more than 10 years.

The treatment strategy for small NF-PET in patients with
MENT remains controversial. Pancreaticoduodenal tumors continue
to be a significant cause of death in patients with MEN1, even though
the endocrine-related causes of death (e.g., gastric or intestinal
perforations due to ZES) are becoming very rare because of effective
medical therapies.!>!7~!° Neuroendocrine thymic tumors are
another major cause of death in patients with MENI1, particularly
in male smokers and justify specific investigations and follow-
up.’>?° When current recommendations for screening of patients
with MEN1 3 are followed and more sensitive imaging methods are
used,?!"?? most patients with MEN1 will show pancreatic involve-
ment during their lives, making these tumors a clinically relevant
problem for every patient with MEN1. Our previous study showed
that 53% of 134 patients diagnosed with MEN1 since 1997 had
pancreaticoduodenal tumors at age 50 and 84% had tumors at age
80.!5 One study,?> however, demonstrated that patients with MEN1
had multiple “‘precursor” tumors (microadenomatosis) not yet ident-
ified by imaging, confirming that using more sensitive imaging
techniques will show an increase of their penetrance.?* For instance,
in a screening program for patients with MEN1 using CT, MRI, and
EUS, a penetrance of 42% was found in patients ages 12 to 20,%
which is much higher than 10% at age 20 in our previous study.!'
Moreover, most of these small tumors progress slowly over time,
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follow-up time (years)

follow up time (years)
Number remaining:
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estimated as a mean increase of 15% of the largest tumor size per
year in one study,?® and one third of patients will have a significant
increase in size and/or number of tumors during 5 years, as suggested
by one of our previous GTE studies.*

For patients with MEN1 with small NF-PET, several groups
suggest that surgical resection be considered when tumors are more
than 1 cm in size (Thakker et al,® the Uppsala group,?’ the Marburg
group,’ and the MEN consortium in Japan?®). The NIH group and
the National Comprehensive Cancer Network in the United States
suggest a more conservative approach for tumors 1 to 2 cm.2?~3!
Similarly, the GTE recommends conservative management of NF-
PET of 2 cm or smaller if there are no signs of aggressiveness, such
as rapid progression on imaging studies.*!'* A recent European
multicenter study'? concluded that surgical treatment of NF-PET of
2 cm or smaller at initial diagnosis is rarely justified, similar to the
ENETS Consensus guidelines.!> The DutchMEN1 Study Group
alsorecently analyzed data from 152 patients with MEN1 who were
diagnosed with NF-PET. Using time-dependent Cox analysis with
propensity score adjustment, they reported that after a median
follow-up of 5.4 years, surgery was not associated with a significant
lower risk of NF-PET liver metastases or death and concluded that
the majority of patients with MEN1 with small NF-PET can
safely be managed by watchful waiting, thereby avoiding major
surgery without loss of oncological safety. (S. Nell et al, oral
presentation held during the WorldMEN Congress in Utrecht in
October 2016).

The treatment approach for patients with MEN1 with small NF-
PET warrants comparison with the approach for sporadic small NF-PET,
for which several recent studies recommend nonsurgical management
with clinical follow-up because no metastases or death have occurred
among patients who had observation only.*>~3* In those studies, the 2 cm
cutoff for recommending surgery was followed, although 1 study
showed better prediction of malignancy when a 1.7 cm cutoff for surgical
management was used.>> The reported incidence of lymph node meta-
stases is low in sporadic, small G1 NF-PET, further confirming that
surveillance only is a safe approach. 337

Series from large centers have reported a very low or even 0%
mortality rates from pancreaticoduodenal surgery in patients with
MENTI, but limited data are available on long-term complications,
disabilities, and quality of life after pancreaticoduodenal surgery in
these patients. First, a study from the University of Michigan®®
reported that with aggressive management with the “Thompson
procedure” (left pancreatectomy and enucleation for head lesions,
together with a duodenotomy in the case of ZES), 15 of 39 patients
(38%) needed one or more reoperations for disease persistence or
recurrence during follow-up. Over a median follow-up time of 6
years, 30 additional surgeries were performed with a median interval
time of 4 years between the different surgeries. Two patients died
during follow-up because of metastatic pancreatic NET despite an
aggressive management protocol consisting of repeated surgeries
when pancreatic tumors were identified. Ten (47%) patients had
insulin-dependent diabetes and 7 (33%) needed oral medication for
diabetes. Moreover, 4 patients (20%) had significant disability and
were unable to return to work. Second, a follow-up study of the same
University of Michigan series from 1979 to 2008 showed that 8 of 49
patients needed completion pancreatectomy and duodenectomys;
median follow-up was 12 years and a median of 2 additional
surgeries were reported.>® There were 7 complications related to
surgery, including 1 death after enterocutaneous fistula and 3 patients
who required insulin pumps to treat postoperative diabetes. The
results of both studies from the University of Michigan*-° dem-
onstrate that despite aggressive management, disease-specific deaths
were not totally prevented and long-term morbidity was significant,
even if immediate postoperative mortality was low. Third, in a series

162 | www.annalsofsurgery.com

of 20 patients, postoperative morbidity occurred in 7 (35%) after
pancreaticoduodenectomy and 40% of patients showed long-term
endocrine and exocrine pancreatic insufficiency after a median
follow-up time of 3 years.*® Fourth, in a series of 38 patients with
MEN1 who had duodenopancreatic resections, 10 (26%) underwent
up to 4 reoperations for either recurrent or metastatic disease. Post-
operative morbidity occurred in 18 (47%) patients after initial
surgery, and in 4 (10%) patients after reoperation (pancreatic fistula
in 13 of 36 patients and postoperative diabetes mellitus in 4 patients).
After a median follow-up of 109 (range 1-264) months, 35 patients
(92%) were alive, all 8 patients with insulinoma and 7 of 13 patients
with ZES were biochemically cured, and liver metastases did not
develop in any patient during follow-up. The 10-year survival rate
was 87% for ZES, 87% for insulinoma, and 100% for NF-PET.
Twenty-four of 38 (63%) patients developed new PET in the pan-
creatic remnant after a median of 109 months, which led to resection
of the pancreatic remnant in 3 (8%) patients.10 These results show
that PET, either functioning or nonfunctioning will appear in patients
with MENT1 as long as pancreatic tissue is left in place. Finally, in a
recently published multicenter series from the DutchMEN1 group,
19 of 58 patients (33%) who underwent pancreaticoduodenal surgery
for NF-PET at academic centers developed major early compli-
cations and 14 (23%) developed long-term endocrine and/or exocrine
insufficiency.*! One patient died 30 days after surgery and 2 patients
became permanently disabled.

The main limitation of the present study is the multicenter
design with heterogeneous clinical management and imaging follow-
up among centers, which might have biased the uniformity of
analyses. It is therefore not possible from the present study to make
clear recommendations on the type of imaging study and laboratory
testing that should be performed during follow-up. We can, however,
suggest that for patients with stable disease and no sign of aggres-
siveness, an imaging study should be done every 2 to 3 years. We
previously showed that EUS and MRI are complementary investi-
gations for the detection of pancreatic tumors in patients with
MEN1,*? and that EUS detects more tumors, as confirmed by
others.2! MRI, however, detected more large (>2cm) tumors in
our study.*? A specific study evaluating the ability of both techniques
in detecting tumor growth during follow-up has not been done yet.
Hence, the choice of imaging study to be used remains debatable.
Because all tumors bigger than 1 cm are easily detectable with MRI,
using it instead of EUS should be evaluated. In our opinion, MRI is
the first imaging technique to be used to detect and follow NF-PET in
patients with MEN1 because unlike EUS, it is not invasive or require
general anesthesia, unlike CT, it is not irradiating, and, according to
our recommendations to follow small NF-PET without surgery, we
do not need to find those very small tumors that would probably be
more visible on EUS.

Another limitation of the present study is the definition of
“disease progression.” We chose to study the patients and the
duodenopancreas as a whole and therefore decided to include all
events related to the duodenopancreas. We are aware that those
events are not only related to the initial NF-PET but to the overall
progression of the MEN1-related disease. For instance, the 3 patients
who underwent surgery because of a hypersecretion syndrome most
probably did not have progression of the initially identified NF-PET,
but another, new tumor. To overcome this limitation, we have also
shown the size progression of the initial tumor (Fig. 2), as others have
done when monitoring NF-PET in patients with MEN1 with serial
EUS.*2¢

Future areas of research are that diagnosis and surveillance of
PET in patients with MEN1 will involve high-quality imaging, such
as EUS with fine needle aspiration or microbiopsies (allows for
better grading classification than fine needle aspiration) or newer

© 2017 The Author(s). Published by Wolters Kluwer Health, Inc.
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functional somatostatin receptor positron emission tomography
(%®Gallium).2!-#243 New prognostic markers have emerged such as
DAXX-ATRX mutations to help stratify and select patients with
potentially aggressive PET.**

In summary, our study demonstrates that conservative manage-
ment for patients with MEN1 with NF-PET of 2cm or smaller is
associated with a low risk of disease-specific mortality, as only one of
the patients died of progressive disease after 10.7 years of follow-up.
The decision to recommend surgery to prevent tumor spread should be
balanced against operative mortality and morbidity. This recommen-
dation, however, should not be understood as an obligation, as each
patient should be informed about the risk-benefit ratio of a conservative
versus aggressive management and participate in the decision making
when the NF-PET is considered to be of intermediate risk.
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