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Abstract

Background To evaluate the outcome of duodenopancreatic reoperations in patients with multiple endocrine neo-

plasia type 1 (MEN1).

Methods MEN1 patients who underwent reoperations for duodenopancreatic neuroendocrine neoplasms (dpNENs)

were retrieved from a prospective database and retrospectively analyzed.

Results Twelve of 101 MEN1 patients underwent up to three reoperations, resulting in a total of 18 reoperations for

dpNEN recurrence. Patients initially underwent either formal pancreatic resections (n = 7), enucleations (n = 3), or

duodenotomy with lymphadenectomy for either NF-pNEN (seven patients), Zollinger–Ellison syndrome (ZES, three

patients), organic hyperinsulinism (one patient) or VIPoma (one patient). Six patients had malignant dpNENs with

lymph node (n = 5) and/or liver metastases (n = 2). The indication of reoperations was NF-pNEN (five patients),

ZES (five patients), organic hyperinsulinism (one patient), and recurrent VIPoma (one patient). Median time to first

reoperation was 67.5 (range 6–251) months. Five patients required a second duodenopancreatic reoperation for

60–384 months after initial surgery, and one patient underwent a third reoperation after 249 months. The rate of

complications (Clavien–Dindo C3) was 28%. Four patients required completion pancreatectomy. Six patients

developed pancreoprivic diabetes. After a median follow-up of 18 (6–34) years after initial surgery, ten of 12 patients

are alive, one died of metastatic pancreatic VIPoma, and one died of metastatic thymic NEN.

Conclusion Reoperations are frequently necessary for dpNEN in MEN1 patients, but are not associated with an

increased perioperative morbidity in specialized centers. Organ-sparing resections should be preferred as initial

duodenopancreatic procedures to maintain pancreatic function and avoid completion pancreatectomy.

Introduction

Duodenopancreatic neuroendocrine neoplasms (dpNENs)

represent the most common syndrome-associated cause of

death in patients with multiple endocrine neoplasia type 1

(MEN1) [1]. They develop in 60–80% of MEN1 patients

and are therefore the second most common manifestation

of the syndrome. They also represent one of the most

common reasons for morbidity, either by causing a hor-

monal syndrome when functioning, or in case of metastatic

disease, or by postoperative endocrine or exocrine dys-

function [1–4].

Surgery is indicated for either functioning dpNEN or

non-functioning (NF)-pNEN exceeding a critical size of

10–20 mm, as their risk of metastatic spread increases

significantly [5–9]. It must be kept in mind that the tumor

size differs between different imaging techniques and

histopathology [10].
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Since the majority of MEN1 patients have multifocal

duodenopancreatic disease and NF-pNENs\20 mm carry

a low oncological risk [6, 11], nowadays most experts

advocate an organ-sparing procedure for the removal of

MEN1-associated dpNEN. However, there is an ongoing

debate on the indication and extent of surgery [12, 13], and

some institutions still promote prophylactic subtotal or

total pancreatectomy [14, 15].

Although there are several retrospective studies report-

ing the outcome for initial surgery of MEN1-associated

dpNEN [3–5, 16, 17], there is a lack of information

regarding the indication and outcome of duodenopancreatic

reoperations in MEN1. In 2004, Hausman et al. [18]

reported 39 MEN1 patients, 15 of whom underwent reop-

erations. There was no information on perioperative com-

plications in this series, and as operations in this cohort

dated back as far as 1967, the indication of surgery was

either a hormonal syndrome or advanced, often metastatic

NF-pNENs. Another publication from the same group

reported the need for completion pancreatectomy for

recurrent Zollinger–Ellison syndrome in eight of 49

patients who underwent an extensive initial resection,

including distal pancreatic resection, enucleation from the

pancreatic head, and duodenotomy (‘‘Thompson proce-

dure’’) [19].

As clinical and pathological data have emerged over the

past years and diagnostic techniques are becoming more

precise, the understanding of the MEN1 syndrome and its

treatment has improved. Clinical practice guidelines by

experts [8] and ENETS consensus guidelines [20] are

provided for the management of duodenopancreatic disease

in MEN1 patients, but recommendations for reoperations

are scarce due to the lack of data.

Therefore, the aim of the present study was to evaluate

the indications, frequency, complications, and morbidity of

reoperations for MEN1-associated dpNENs.

Methods

Data of all genetically confirmed MEN1 patients treated at

the Department of Surgery of the Philipps University of

Marburg have been prospectively collected in a clinical

database since 1997. Previous treatments were retrospec-

tively included to the database. The collected data included

patients’ history, family history, results of diagnostic

imaging, laboratory tests, surgical and medical treatments

as well as histopathology. Data acquisition and evaluation

were performed after obtaining the patients’ written

informed consent.

Routine screening and follow-up were performed yearly

following a standardized protocol, which was adapted to

current scientific advances and/or guidelines over the years

[21]. Annual screening of dpNEN always included at least

the measurement of proinsulin, insulin, gastrin, vasoactive

intestinal peptide (VIP), pancreatic polypeptide, and chro-

mogranin A. Functional tests, such as fasting test or

secretin stimulation test, were performed, when there was

the suspicion of either organic hyperinsulinism or Zollin-

ger–Ellison syndrome (ZES). Annual imaging of the upper

abdomen comprised endoscopic ultrasonography (EUS)

and in most cases magnetic resonance imaging (MRI) or

rarely computed tomography (CT). In cases with suspicion

of malignancy, somatostatin receptor scintigraphy was

performed until December 2013. Between 2014 and 2016,

all patients had Ga68-DOTATOC-PET/CT during a

prospective study [22], and since 2017, Ga68-DOTATOC-

PET/CT has been performed only in patients with suspi-

cion of malignancy or metastases.

All MEN1 patients with ZES underwent laparotomy

after diffuse liver metastases were excluded by preopera-

tive imaging. Bidigital palpation of the pancreas and

intraoperative ultrasonography were performed in all

patients. Until 1997, the routine initial procedure for ZES

was duodenotomy with excision of any tumors in the first

to fourth portion of the duodenum (further referred to as

‘‘duodenotomy’’), peripancreatic lymph node dissection,

and enucleation of any pNEN in the pancreatic head with

distal pancreatectomy to the level of the portal vein. Since

1998, partial pancreaticoduodenectomy (PPD) with lym-

phadenectomy was routinely performed as initial procedure

[23]. A reoperation was only indicated in case of positive

imaging results and a localized pattern of disease.

Patients with organic hyperinsulinism were operated, if

the diagnosis was proven by a positive fasting test and

diffuse metastatic disease was excluded by imaging. MEN1

patients with NF-pNENs were scheduled for pancreatic

resection until 2010, if the tumor size exceeded 10 mm in

preoperative imaging and diffuse liver metastases were

excluded. Since 2011, NF-pNENs were operated according

to ENETS guidelines, if the largest tumor diameter reached

20 mm. In addition, we scheduled patients with NF-pNENs

sized between 10 and 20 mm for surgery, if more than 20%

growth was observed during 12-month follow-up and/or a

CHES1 LOI was detected in the particular patient [24]. For

both NF-pNEN and insulinoma, the preferred standard

procedure until 2011 was a spleen-preserving left pancre-

atectomy to the level of the portal vein with enucleation of

tumors out of the pancreatic head, if present. Since 2012,

parenchyma-preserving resections focussing only on

tumors[1–2 cm, such as enucleations or distal pancreatic

resections, were preferred, if technically feasible. The

indication of reoperations was the same as of primary

surgery. The specific reoperation performed depended on

the pattern of disease recurrence as visualized by imaging

studies.
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The database was screened for patients who underwent

duodenopancreatic reoperations. Demographics, type of

tumors, indications, and type of primary and consecutive

duodenopancreatic resections, disease recurrence or new

manifestations, complications, and long-term outcome

were retrospectively analyzed in identified patients.

The grading system proposed by the International Study

Group of Pancreatic Fistula (ISGPF) [25] was used to

classify postoperative pancreatic fistulas (POPFs). Delayed

gastric emptying as well as post-pancreatectomy hemor-

rhage was defined according to the proposed definitions of

the International Study Group of Pancreatic Surgery

(ISGPS) [26]. Postoperative complications were defined

according to the Clavien–Dindo classification system [27].

Endocrine pancreatic function was documented by the need

for oral antidiabetic medication, insulin therapy, and

HbA1c. Malignancy was defined by the existence of

metastases. Tumors were graded according to the WHO

2010 classification as G1, G2, or G3.

Results

Over a 36-year period, 59 of 101 (58%) genetically con-

firmed MEN1 patients underwent primary duodenopan-

creatic resections for dpNEN at our institution. Twelve of

these 59 (20.3%) patients underwent up to three duo-

denopancreatic reoperations, resulting in a total of 18

reoperations after a median follow-up of 18 (6–34) years

after initial surgery.

The median age of the 12 patients (five females, seven

males) was 35 (range 23–47) years at the time of initial

operation. The indication of the primary duodenopancreatic

resection was NF-pNEN in seven patients, ZES in three

patients, organic hyperinsulinism in one patient, and

VIPoma in the remaining patient. The initial duo-

denopancreatic resection comprised partial pancreatico-

duodenectomy (n = 1), distal pancreatectomy to the level

of the mesentericoportal axis (n = 6, two laparoscopic, one

with synchronous partial adrenalectomy), pancreatic tail

resection with (n = 1) or without duodenotomy (n = 1),

duodenotomy only (n = 1), or enucleation (n = 2). Four of

12 patients developed postoperative clinically relevant

(Clavien–Dindo C3) complications, all due to postopera-

tive pancreatic fistula type B. Mortality was nihil.

Histopathology detected malignant dpNENs in four of 12

patients (two malignant duodenal ZES, one malignant NF-

pNEN, and one malignant VIPoma) based on lymph node

(n = 4) and/or liver metastases (n = 1). All the 12 patients

had G1 tumors. Two of 12 patients developed insulin-de-

pendent diabetes mellitus after their initial operation, and

one patient needed oral antidiabetics. Two of three patients

with ZES, the patient with organic hyperinsulinism, and the

patient with the malignant VIPoma were biochemically

cured at discharge. Characteristics of reoperated patients

are given in Table 1.

After a median time of 67.5 (range 6–251) months, a

duodenopancreatic reoperation was indicated in these 12

patients either for newly developed NF-pNENs in five

patients, for recurrent ZES in three patients, for newly

developed ZES in two patients, for organic hyperinsulinism

in one patient, or for a local recurrence of VIPoma in one

patient, respectively (Table 2). In reoperations, par-

enchyma-sparing operations were preferred when techni-

cally feasible and oncologically justified. Operations

included completion pancreatectomy in one patient, distal

pancreatic resection in three patients (two with enucleation

and one with duodenotomy), duodenotomy with lym-

phadenectomy in three patients (two combined with pNEN

enucleation out of the pancreatic head), partial pancreati-

coduodenectomy in one patient, and pNEN enucleation

only in four patients, respectively. All reoperations were

performed via an open approach. Five of 12 patients had

postoperative clinically relevant (Clavien–Dindo C3)

complications, all caused by pancreatic fistula type B.

Mortality was nihil. Histopathology revealed malignancy

in five patients (three with lymph node metastases and two

with liver metastases). Two of the five patients with ZES

and the patients with organic hyperinsulinism were bio-

chemically cured at discharge after the reoperation. The

patient with recurrent VIPoma had biochemically persis-

tent disease. Another three patients developed postopera-

tive diabetes mellitus requiring insulin therapy, resulting in

five of 12 after the reoperations.

A second reoperation was indicated in five patients 60,

62, 84, 103, and 384 months after their first reoperation for

newly developed or grown NF-pNEN[20 mm (one

patient), recurrent ZES (two patients), or newly developed

ZES (two patients). Partial pancreaticoduodenectomy was

performed in three patients, enucleation and lym-

phadenectomy in one patient, and distal pancreatic resec-

tion plus duodenotomy and enucleation from the pancreatic

head in another one patient. Partial pancreaticoduodenec-

tomy equaled completion pancreatectomy in two patients.

None of these patients had postoperative clinically relevant

(Clavien–Dindo C3) complications, but three patients

newly developed diabetes mellitus requiring insulin

therapy.

One female patient (patient no. 6) with a newly devel-

oped insulinoma in the pancreatic tail underwent comple-

tion pancreatectomy at the age of 58 years as a third

reoperation after two duodenotomies with excision of

duodenal wall gastrinomas and partial pancreaticoduo-

denectomy for recurrent ZES. The postoperative course

was uneventful, despite the development of pancreoprivic
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diabetes mellitus. The patient was biochemically cured

90 months after the last operation.

After a median follow-up period of 216 (range 78–408)

months [=18 (range 6–34) years] after initial surgery, ten of

the 12 reoperated patients are alive, one patient died of

metastatic pancreatic VIPoma 20 years after initial surgery,

and one patient died of metastatic thymic NEN 13 years

after initial surgery for ZES. Nine patients developed

pancreoprivic diabetes requiring insulin therapy. Postop-

erative complications were exclusively pancreatic fistulas,

and there was no postoperative mortality. Details of reop-

erations are summarized in Table 2.

Discussion

A majority of MEN1 patients harbor diffuse islet cell

hyperplasia and multiple NEN in the pancreas [7, 28].

Therefore, long-term cure can only be achieved by pan-

createctomy. However, this procedure goes along with

severe long-term morbidity. Therefore, it is crucial for

MEN1 patients to find a compromise between the preser-

vation of pancreatic function and the cure of any hormonal

excess caused by dpNENs as well as the prevention of

metastatic dpNEN disease. Current practice guidelines

recommend the surgical removal of functioning pNEN and

non-functioning pNEN with significant growth over

3–6 months or those exceeding 10–20 mm [8]. There has

been a recommendation toward less aggressive indication

of surgery during the past years [20], and it could be shown

in a large multicentric retrospective series that

pNENs\20 mm pose a low oncological risk [29].

An exception is made by MEN1–gastrinomas causing

Zollinger–Ellison syndrome (ZES), as they—unlike

believed for many years—arise from the duodenal wall and

are often multiple and lymphatic metastases are frequently

apparent at the time of diagnosis [30].

The type of surgery is highly controversial and depends

on the type and location of dpNEN. In the past, aggressive

surgical treatment and prophylactic pancreatic resections

were promoted in order to prevent metastatic tumor growth

in many centers with expertise in MEN1 including our

institution [4, 14, 18]. However, data proving a prophy-

lactic benefit in regard to long-term survival and quality of

life are pending. As earlier data from our institution

showed that also with more aggressive surgical strategies,

the rate of recurrent pancreaticoduodenal disease was high,

did not lead to metastatic disease, but made further pan-

creatic resections necessary with loss of organ function, we

have been following a less aggressive strategy regarding

both indications and extent of surgery [4]. Small NF-pNEN

and insulinomas in MEN1 patients will be enucleated

whenever technically feasible, which is mainly dependent

on their localization with regard to the major pancreatic

duct. In case of MEN1-ZES with additional pNENs in the

pancreatic tail, a partial pancreaticoduodenectomy with

enucleation or spleen-preserving pancreatic tail resection

will be considered. This strategy also prevents the

Table 1 Characteristics of MEN1 patients who underwent duodenopancreatic reoperations

Patient

no.

Age at first

operation

Gender Initial

dpNEN

Other manifestations during

follow-up

Follow-up

(months)

Current status (dpNEN)

1 42 m ZES pHPT, adrenal 131 DOD (thymic NEN)

2 47 m ZES pHPT 268 Completion pancreatectomy, pers. ZES, no

imageable lesion

3 42 f NF-pNEN ZES, pHPT, adrenal 115 NED

4 23 m Ins ZES, NF-pNEN, pHPT 384 NF-PNEN\2 cm

5 32 f NF-pNEN ZES, pHPT, adrenal 252 NED

6 41 f ZES Ins, NF-pNEN, pHPT, Pit,

adrenal

294 Completion pancreatectomy, pers. ZES, no

imageable lesion

7 37 m NF-pNEN pHPT, Pit, adrenal 253 NF-PNEN\2 cm

8 33 m NF-pNEN ZES, pHPT, Pit 206 Completion pancreatectomy, ZES, suspicion

of metastases

9 28 m NF-pNEN pHPT, adrenal 248 NF-PNEN\2 cm

10 32 m VIPoma pHPT, Pit 237 DOD (VIPoma)

11 32 f NF-pNEN pHPT, Pit, SI-NEN, adrenal 155 Completion pancreatectomy, NED

12 39 f NF-pNEN ZES, pHPT, gastric, adrenal 330 NF-pNEN, gastric NEC

ZES Zollinger–Ellison syndrome, pHPT primary hyperparathyroidism, Adrenal adrenal adenoma, dpNEN duodenopancreatic neuroendocrine

neoplasm, NF non-functioning, Pit pituitary adenoma, DOD dead of disease, NED no evidence of disease, NEC neuroendocrine carcinoma
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development of metastatic disease and saves organ func-

tion, although it might result in a higher risk of recurrence

of pNENs with a need for reoperations. However, the

presented results support the current concept of a less

aggressive surgical approach and points to continue with it.

In order to perform an optimal pancreas-sparing surgical

treatment in MEN1-associated pdNEN, detailed knowledge

of the disease and a high expertise in open and minimally

invasive pancreatic surgery is required.

Reoperations, especially of the pancreas, are considered

technically demanding with a high risk of complications.

This might be especially true for MEN1 patients, who

Table 2 Details of reoperations

Patient

no.

Initial operation Indication Age at initial

OP

Malignancy Complications Morbidity Biochemical

cure

1 DUODX ? DPR ZES 42 N1 – – yes

2 PPD ZES 47 N1 – Insulin yes

3 DPR ? partial adrenalectomy NF-pNEN 42 – – Insulin

4 Enuc Ins 23 – – – yes

5 Pancreatic tail resection NF-pNEN 32 – POPF type B –

6 DUODX ZES 41 – POPF type B – no

7 DPR NF-pNEN 37 – – –

8 DPR NF-pNEN 33 – – –

9 DPR NF-pNEN 28 – – –

10 DPR VIPoma 32 M1 (liver) POPF type B – yes

11 DPR NF-pNEN 32 N1 – –

12 Enuc NF-pNEN 39 – POPF type B –

First reoperation Interval after initial OP (months)

1 DPR ? DUODX ? Enuc ZES 68 N1 POPF type B – no

2 Completion pancreatectomy ZES 103 – – no

3 DUODX ? Enuc ZES 67 – POPF type B Insulin yes

4 Enuc Ins 6 – – – yes

5 PPD ZES 251 N1 – Insulin yes

6 DUODX ZES 13 – – – no

7 Enuc NF-pNEN 18 N1 – –

8 Enuc NF-pNEN 12 – – –

9 Enuc NF-pNEN 93 – POPF type B –

10 DPR VIPoma 186 M1 (Liver) POPF type B Insulin no

11 DUODX ? Enuc ? liver

resection

NF-dpNEN 47 M1 (Liver) – –

12 DPR ? Enuc NF-pNEN 138 POPF type B Insulin

Second reoperation Interval after first ReOP (months)

1 Enuc ZES 31 N1 – –

4 DUODX ? DPR ? Enuc ZES ? NF-

pNEN

379 N1 – –

6 PPD ZES 48 N1 – Insulin yes

8 Completion pancreatectomy ZES 72 N1 – Insulin yes

11 Completion pancreatectomy NF-pNEN 13 – – Insulin

Third reoperation Interval after second ReOP (months)

6 Completion pancreatectomy Ins 147 – – Insulin yes

OP operation, DUODX duodenotomy, PPD partial pancreaticoduodenectomy, DPR distal pancreatic resection, Enuc enucleation from the

pancreas, ZES Zollinger–Ellison syndrome, NF-pNEN non-functioning pancreatic neuroendocrine neoplasm, Ins insulinoma, VIP vasoactive

intestinal peptide, POPF postoperative pancreatic fistula
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usually have a very soft pancreas with a small pancreatic

duct, which are major risk factors for postoperative severe

complications, especially POPF and postoperative pancre-

atic hemorrhage. Unfortunately, there are almost no data

regarding the outcome of duodenopancreatic reoperations

in MEN1. The present study is the third focusing on this

issue, while the two previous publications came from the

same institution [18, 19]. The previous studies reported a

high risk of recurrent pdNEN with the need for reopera-

tions (62% of initially operated patients [18]) and a fre-

quent need for completion pancreatectomies, especially in

patients with ZES after initial extensive resections [19].

Our present data show that duodenopancreatic reopera-

tions in MEN1 patients do not harbor an increased risk of

neither perioperative complications nor morbidity com-

pared with the initial resection. Thus, we would encourage

to initially perform organ-sparing resections, whenever

oncologically and technically feasible to maintain as much

pancreatic function as possible and thus quality of life. As

shown in the present series, this philosophy can avoid a

completion pancreatectomy even after repeated reopera-

tions for a long time, without impairing patients’ prognosis.

Also, reoperations were performed after a median of more

than 5 years, and some patients did not require operative

treatment for dpNEN recurrence for more than 30 years.

Endocrine and exocrine pancreatic malfunctions can thus

be delayed for a long time, even if further pancreatic

resections become necessary.

Conclusion

Reoperations are frequently necessary for duodenopancre-

atic NEN in MEN1 patients, but are not associated with an

increased perioperative morbidity in specialized centers.

Therefore, organ-sparing resections should be preferred as

initial duodenopancreatic procedures to maintain pancre-

atic function and avoid completion pancreatectomy as long

as possible.
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