
lable at ScienceDirect

European Journal of Surgical Oncology 45 (2019) 198e206
Contents lists avai
European Journal of Surgical Oncology

journal homepage: www.ejso.com
Exploring the surgical landscape of pancreatic neuroendocrine
neoplasia in Austria: Results from the ASSO pNEN study group

Florian Primavesi a, b, Eckhard Klieser c, Benno Cardini a, Katharina Marsoner d,
Uwe Fr€oschl e, Sabine Thalhammer f, Ines Fischer g, Andreas Hauer h, Romana Urbas c,
Tobias Kiesslich i, Daniel Neureiter c, Matthias Zitt j, Reinhold Klug h, Helwig Wundsam g,
Franz Sellner f, Josef Karner f, Reinhold Függer e, Fergül Cakar-Beck a, Peter Kornprat d,
Dietmar €Ofner a, Stefan St€attner a, *, ASSO pNEN Study Group
a Department of Visceral, Transplantation and Thoracic Surgery, Medical University of Innsbruck, Innsbruck, Austria
b Department of Surgery, Paracelsus Medical University, Salzburg, Austria
c Institute of Pathology, Paracelsus Medical University, Salzburg, Austria
d Department of Surgery, Medical University Graz, Graz, Austria
e Department of Surgery, Elisabethinen Hospital, Linz, Austria
f Department of Surgery, Kaiser Franz Josef Hospital, Vienna, Austria
g Department of Surgery, Hospital Sisters of Mercy Linz, Linz, Austria
h Department of Surgery, General Hospital Horn, Horn, Austria
i Department of Internal Medicine I, Paracelsus Medical University, Salzburg, Austria
j Department of Surgery, General Hospital Dornbirn, Dornbirn, Austria
a r t i c l e i n f o

Article history:
Accepted 24 August 2018
Available online 3 September 2018

Keywords:
Pancreatic neuroendocrine tumours
Pancreatic neuroendocrine neoplasia
Survival
Pancreas
Resection
Surgery
Abbreviations: AJCC, American Joint Committee on
Society; HR, Hazards ratio; MEN, Multiple endocrine
study group of pancreatic fistula; PDAC, pancreatic du
Recurrence free survival; SD, Standard deviation; SSA
* Corresponding author. Department of Visceral, Tr

E-mail address: stefan.staettner@i-med.ac.at (S. St

https://doi.org/10.1016/j.ejso.2018.08.016
0748-7983/© 2018 Elsevier Ltd, BASO ~ The Associati
a b s t r a c t

Introduction: Pancreatic neuroendocrine neoplasia (pNEN) show increasing incidence and management
is complex due to biological heterogeneity. Most publications report isolated high-volume single-centre
data. This Austrian multi-centre study on surgical management of pNENs provides a comprehensive real-
life picture of quality indicators, recurrence-patterns, survival factors and systemic treatments.
Methods: Retrospective, national cohort-study from 7 medium-/high-volume centres in Austria, coor-
dinated under the auspices of the Austrian Society of Surgical Oncology (ASSO).
Results: Two-hundred patients underwent resection for pNEN, 177 had non-functioning tumours and 31
showed stage 4 disease. Participating centres were responsible for 2/3 of pNEN resections in Austria
within the last years. The mean rate of completeness of variables was 98.6%. Ninety-days mortality was
3.5%, overall rate of complications was 42.5%. Morbidity did not influence long-term survival. The 5-year
overall-survival (OS) was 81.3%, 10-year-OS 52.5% and 5-year recurrence-free-survival (RFS) 69.8%.
Recurrence was most common in the liver (68.1%). Four out of five patients with recurrence underwent
further treatment, most commonly with medical therapy or chemotherapy. Multivariable analysis
revealed grading (HR:2.7) and metastasis (HR:2.5) as significant factors for relapse. Tumours-size �2 cm
(HR:5.9), age �60 years (HR:3.1), metastasis (HR:2.3) and grading (HR:2.0) were associated with OS.
Tumours <2 cm showed 93.9% 10-year-OS, but 33% had G2/G3 grading, 12.5% positive lymph-nodes and
4.7% metastasis at diagnosis, each associated with significant worse survival.
Conclusion: Resection of pNENs in Austria is performed with internationally comparable safety. Analysed
factors allow for risk-stratification in clinical treatment and future prospective trials. A watch-and-wait
strategy purely based on tumour-size cannot be recommended.
© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
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Introduction
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Pancreatic neuroendocrine neoplasia (pNENs) still represent a
rare entity compared to pancreatic ductal adenocarcinoma (PDAC),
although the incidence of currently 1e2/100000 is constantly
increasing, mainly attributed to widespread use of improved cross-
sectional imaging techniques [1e3]. Due to clinical and biological
heterogeneity, optimal management concerning surgical resection
or systemic treatment remains a matter of debate since several
factors such as hormonal activity, histological grading, tumour-size
as well as underlying genetic syndromes need to be considered. As
a consequence of the low incidence of pNENs, only a limited
number of single-centre publications with sufficient patient
numbers (n> 100) for reasonable analysis are available. These
include a recent, large-scale report by the Verona group [4] and
amongst others, publications from Shanghai [5], Heidelberg [6] and
Tampa/Florida [7] (Table 1). Within these reports, several risk-
factors for recurrence-free (RFS) and overall-survival (OS) after
resection have been recognised, e.g. non-functioning tumours, high
proliferation rate (grading), positive nodal status, vascular invasion,
presence of metastasis and poor staging according to the AJCC and
ENETS classification. Also, perioperative risk of surgery for this
distinct cohort of patients was considered comparably lower than
the overall pancreatic resections population with postoperative
mortality rates between 0.7% and 4.2% in these specialized de-
partments, depending on the definition used (in-hospital mortality
or 90-day mortality). Since these outcomes were generated by
isolated highest-volume centres, translation of results to other
countries with slower advances in centralization and hospitals with
lower resection numbers remains debatable. Nationwide outcomes
after pancreatic resections e.g. from Germany reported in-hospital
mortality rates of over 9% just recently [8]. Limitations of single-
centre data may be overcome by national multicentre registries,
as has been shown in Germany [9], Spain [10,11], and the
Netherlands [12]. Yet, these existing registries havemostly reported
on epidemiologic and oncological data on GEP-NENs in general,
often lacking detailed perioperative, surgical short-term and
oncological long-term aspects for pNENs in particular. Registers on
pancreatic resections for PDAC from different national societies
have previously also shown to be an effective tool for baseline
evaluation of the current status of surgical treatments before
initiation of prospective trials as well as for audit purposes [13e16].
Up to this day, no multicentre data on surgical treatment of pNENs
in Austria have been published to our knowledge. Accordingly, the
aim of the present national analysis of medium-to high-volume
centres was 3-fold: First, to provide a comprehensive real-life pic-
ture of resected pNEN in Austria from a surgical oncologists’
perspective, including quality indicators (morbidity and mortality)
as baseline evaluation for future studies. Second, to assess details
on recurrence patterns, current distribution of systemic treatment
after resection and factors influencing long-term outcome. Third, to
perform a sub-analysis of patients with small tumours (<2 cm)
aiming to add insights to the ongoing controversial discussion
about a possible watch-and-wait strategy on these mostly inci-
dental, asymptomatic pNENs.
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Material and methods

This is a retrospective, national, multicentre cohort-study. All
hospitals performing medium (10e20) or high-volume (�20 per
year) pancreatic resections [13,17] in Austria were invited to
participate in a database under the auspices of ASSO (Austrian
Society of Surgical Oncology, a national affiliated society of ESSO e

European Society of Surgical Oncology). To encourage scientific
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activities of young colleagues and support fairness, at least one
junior and senior surgeon teamed up for data acquisition in each
department and will be considered for co-authorship of resulting
publications originating from the ASSO pNEN study group. All
consecutive patients that underwent pancreatic surgery and had a
histological diagnosis of pNEN were included. Cases with simulta-
neous diagnosis of PDAC were excluded due to obvious impact on
long-term survival. Patients with simultaneous metastases were
included, when a curative strategy for all detectable lesions was
performed (single- or multi-stage treatment). Accordingly, patients
who underwent palliative debulking or bypass surgery were
excluded, as were patients withmetastasis that underwent primary
tumour resection but never proceeded to secondary metastases
resection. Centres were free to choose their individual timeframe of
inclusion between 1997 and 2016. Ethics committee approval was
obtained independently by each participating department accord-
ing to local ethics regulations. The EC approval number of the
coordinating centre (PMU Salzburg) is 415-EP/73/408-2014. Ne-
cessity for written informed consent was waived due to the
retrospective study character. Centres reported their patient data
on preoperative diagnostics, surgical management, postoperative
complications, and long-time follow-up including adjuvant treat-
ment and recurrence data. Missing data were complemented by
means of telephone interview or retrieval of external medical re-
ports. Data management was centrally coordinated and validated
by two consultant surgeons (F.P. & S.S), reviewing each individual
patient data concerning integrity and plausibility. In summary 3
rounds of data crosschecks with participating centres were per-
formed. Date of latest individual follow-up was 01/11/2017. Overall
survival (OS) was validated with national, governmental data from
the Statistics Austria Mortality Register when available (Query: 31/
12/2016) [18]. Completeness of OS follow-up was quantified as
proposed by Clark et al. [19]. In short, it is defined by the ratio of the
total observed person-time and the potential person-time of
follow-up. Their definition was adapted, so that last follow-up
within 12 months of end of the study (by 01/11/2016) was
considered complete. Completeness of variables in the database
was defined as the percentage of rows that contain a non-null,
Fig. 1. A) Completeness of presented variables in the ASSO database (mean: 98.6%; median:
follow-up (ratio of total observed follow-up years and potential person-time).
meaningful value for the data element, as described by Bloom
et al. [20].

Histological differentiation (grading) was assessed according to
the World Health Organization (WHO) classification for pNENs
(2010), based on morphological mitotic rate (<2 in 10 high-power
fields (HPF): G1, 2e20/HPF: G2, and >20/HPF: G3) or immunohis-
tochemically evaluated tumour proliferative activity, by the rate of
Ki-67-positive tumour cells (G1, G2 and G3: �2%, 3e20%, >20%). In
cases with mitotic rate differing from Ki-67 index, the higher of
both was selected. Staging was based on the European Neuroen-
docrine Tumour Society (ENETS) classification [21]. Resection
margin status was rated R0 in case of complete resection without
microscopic residual tumour at the margin, R1 (microscopically
positive margins) or R2 (macroscopically residual tumour).

Statistical analysis was performed with SPSS statistics for Win-
dows, version 21.0 (IBM Corp. Armonk, NY). Data are described as
mean or median plus standard deviation (SD) or range depending
on the type of data, for categorical variables the number and pro-
portion are displayed. For plotting of survival curves, the Kaplan-
Meier-method was used with log-rank statistics to detect differ-
ences between subgroups. Cox-proportional hazards regression
modelling was performed to estimate hazard ratios (HR) with 95%
confidence intervals (95% CI) for factors influencing OS and RFS.
Survival was defined as time from surgery to death/last follow-up
(OS) or to recurrence/last follow-up (RFS). Factors evaluated in
univariate analysis were considered statistically significant and
included in the multivariable model, when p-value was <0.05.

Results

Patient characteristics and clinical features

By the end of 2017, data of 200 patients with surgically resected
pNEN were reported by 7 hospitals. Twenty-two percent of regis-
tered patients underwent resection between 1997 and 2006 and
78% from 2007 to 2016. The mean andmedian rate of completeness
of presented variables was 98.6% and 100%, respectively (Fig. 1A),
completeness of follow-up [19] was 86.4% (Fig. 1B). According to
100%) B) Plot of observed follow-up by time since entry of study. C ¼ Completeness of



Table 2A
Patient and tumour characteristics.

Number of patients
(percentage)

Sex: Female 103 (51.5%)
Age: Median (range) 61.9 (14.2e84.2)
Symptoms (multiple possible)
None 119 (59.5%)
Hormonal secretion 23 (11.5%)
Pain 29 (14.5%)
Others (e.g. jaundice) 36 (18%)

Preoperative Diabetes (missing¼5) 27 (13.5%)
Functional hormonal syndrome 23 (11.5%)
Insulinoma 17 (8.5%)
Others (Gastrinoma etc.) 6 (3%)
None 177 (88.5%)

Genetic syndrome
None 195 (97.5%)
MEN 5 (2.5%)

Pancreatic tumour location
Head 73 (36.5%)
Body 34 (17%)
Tail 80 (40%)
Multiple sites 13 (6.5%)

T stage (ENETS classification)
T1 61 (30.5%)
T2 54 (27%)
T3 82 (41%)
T4 3 (1.5%)

N status
Negative 108 (54%)
Positive 52 (26%)
No lymphadenectomy or n/a 40 (20%)

Metastasis present 31 (15.5%)
Resection margin status
R0 177 (88.5%)
R1 14 (7%)
R2 4 (2%)
Rx 5 (2.5%)

Grading (WHO 2010)
G1 (�2% Ki-67) 87 (43.5%)
G2 (2e20% Ki-67) 80 (40%)
G3 (>20% Ki-67) 25 (12.5%)
Gx 8 (4%)

Pathological tumour size (missing¼1)
Median 25.0mm (2e200)
� 20mm 136 (68%)

Gx¼ grading not documented; ISGPF ¼ International study group of pancreatic
fistula; MEN¼Multiple endocrine neoplasa; n/a¼ not available; N status¼ Lymph
node status; T stage¼ Tumour stage.

Table 2B
Surgical procedures and postoperative complications.

Number of patients
(percentage)

Procedure performed
Pylorus-resecting pancreatic head resection 17 (8.5%)
Pylorus-preserving pancreatic head resection 34 (17%)
Distal pancreatectomy 102 (51%)
Enucleation 35 (17.5%)
Total pancreatectomy 12 (6%)
Laparoscopic approach 19 (9.5%)

Simultaneous metastasectomy/organ resection
None 118 (59%)
Liver 11 (5.5%)
Bowel 2 (1%)
Peritoneal 1 (0.5%)
Stomach 2 (1%)
Spleen 47 (23.5%)
Others (e.g. Adrenal gland) 2 (1%)
Multiple 17 (8.5%)

Intended Lymphadenectomy performed 145 (72.5%)
Postop complications (Clavien-Dindo classification [22])
0 115 (57.5%)
1 10 (5%)
2 16 (8%)
3a 28 (14%)
3b 23 (11.5%)
4a 2 (1%)
4b 1 (0.5%)
5 (in hospital mortality) 5 (2.5%)
Any morbidity 85 (42.5%)
Severe morbidity (�3b, excluding death) 26 (13%)
Severe morbidity (�3b, including death) 31 (15.5%)
90-days mortality 7 (3.5%)

Pancreatic fistula (ISGPF 2005 definition)
Grade A 22 (11.3%)
Grade B 19 (9.5%)
Grade C 11 (5.5%)
Clinically relevant (Grade B or C) 30 (15%)

Postoperative Diabetes
None 151 (75.5%)
De novo 22 (11%)
Pre-existing, new insulin-dependency 0 (0%)
Pre-existing, no aggravation 27 (13.5%)

Length of stay: Median 15 days (2e119)

Gx¼ grading not documented; ISGPF ¼ International study group of pancreatic
fistula; MEN¼Multiple endocrine neoplasa; n/a¼ not available; N status¼ Lymph
node status; T stage¼ Tumour stage.

F. Primavesi et al. / European Journal of Surgical Oncology 45 (2019) 198e206 201
estimations from previously evaluated national data, our study
group was responsible for about two third of all pNEN resections in
Austria within the last 5e10 years [3]. Patient characteristics are
depicted in Table 2A. One hundred and ninety-five cases (97.5%)
were sporadic NEN, only 5 (2.5%) patients had multiple endocrine
neoplasia (MEN). Regarding the functional hormonal status of tu-
mours, 177 (88.5%) were non-functioning (inactive) tumours, 17
(8.5%) insulinoma and 6 (3%) others such as gastrinoma.

Surgical procedures and postoperative outcome

Details on surgical procedures and postoperative outcome are
listed in Table 2B. Most commonly distal pancreatectomy was
performed (n¼ 102; 51%), followed by pancreatic head resections
with pylorus-preserving (n¼ 34; 17%) or pylorus-resecting tech-
nique (n¼ 17; 8.5%) and enucleations (n¼ 35; 17.5%). Intended
lymphadenectomy was applied in 145 cases (72.5%) and laparos-
copy in 19 cases (9.5%; none with robotic surgery). In 21 of 31 pa-
tients presenting with metastatic disease, a simultaneous curative
intent metastasectomy was performed (20 hepatic resections, 1
peritonectomy), the remaining patients (n¼ 10) underwent resec-
tion of (hepatic or pulmonary) metastasis in subsequent proced-
ures. Ninety-days mortality occurred in 7 patients (3.5%). The
overall rate of postoperative complications was 42.5%, with 13% of
patients experiencing severe morbidity (>3a according to the
Clavien-Dindo classification [22]) and 15% showing a clinically
relevant pancreatic fistula (Grade B/C according to the ISGPF clas-
sification [23]). None of the 27 patients (13.5%) with pre-existing
diabetes experienced aggravation of their diabetes in terms of
new postoperative insulin dependency, 22 of 173 (12.7%) previously
non-diabetic patients were diagnosed with new-onset post-
operative diabetes.
Results of pathological workup

Pathological features of resected specimens including TNM
staging are listed in Table 2A. Themedian tumour size was 25.0mm
(2e200), 64 patients (32%) had a lesion <20mm. A complete, R0
resection, was achieved in 177 (88.5%) cases. In 160 patients (80%)
lymph-nodes were analysed on the surgical specimen, of whom 52
cases had nodal positive tumours, accounting for 32.5% of
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specimens with available lymph-nodes and 26% of all resected
patients. The rate of lymph-node positivity according to grading
(available in 153 of 160 lymph-node resected patients) was 17.2%
(10/58) in G1, 38.4% (28/73) in G2 and 45.5% (10/22) in G3 tumours
(p¼ 0.011).
Follow-up, further treatment, recurrence and oncological outcome

With a median follow-up of 44.9 months (0e235.7), the whole
cohort showed an estimated 5-year-OS of 81.3%, a 10-year-OS of
52.5% (median: not reached), and a 5-year-RFS of 69.8% (median:
112 months; 95%-CI: 84.6e139.4). Regarding adjuvant treatment,
48 patients (24%) received any form of local or systemic therapy
after surgical resection (Table 3). The role of adjuvant therapy is not
well defined in pNENs, therefore indications were made on a highly
individual case-by-case decision at each centre's discretion. In-
dications were high tumour grading and/or positive lymph node
invasion in 36 cases (75%), R1/R2 resection in three patients (6.3%)
and in 5 patients (10.4%) systemic therapy was given as an adjunct
to metastasectomy (indication unknown: n¼ 4/8.3%). Concerning
relapse of disease (median follow-up: 28.5 months; 0e184.8), 47
patients (23.5%) experienced recurrence, most commonly in the
liver (68.1%) followed by the pancreas (29.8%). Four out of five pa-
tients with recurrence underwent further treatment, most
commonly by medical treatment. Surgery or ablation was per-
formed in 25.5% of all patients with recurrence. Multivariable
analysis (Table 4A) revealed grading (HR 2.71; 95% CI: 1.57e4.67)
andmetastasis (HR 2.50; 95% CI: 1.11e5.64) as significant factors for
Table 3
Follow-up and survival data after surgery.

Number of patients
(percentage)

Adjuvant therapy (multiple possible)
None 152 (76%)
SSA/TKi/mTORi 20 (10%)
PRRT 5 (2.5%)
Chemotherapy 25 (12.5%)
Radiotherapy 3 (1.5%)
Radiofrequency ablation 1 (0.5%)
Patients receiving > 1 different treatment 6 (3%)

Follow-up data: Overall survival
Patients deceased during follow-up 43 (21.5%)
Median follow-up 44.9mo (0e235.7)
Mean follow-up 52.8mo (SD± 44.1)

Follow-up data: Recurrence
Patients with recurrence during follow-up 47 (23.5%)
R2 resection/deceased within 90 d
postop/no data available

14 (7%)

Median follow-up for recurrence status 28.5mo (0e184.8)
Mean follow-up for recurrence status 38.4mo (SD± 37.1)

Location of recurrence (multiple possible) (% of recurrences)
Pancreas/Local recurrence 14 (29.8%)
Liver 32 (68.1%)
Lunge 4 (8.5%)
Other (Distant LN, stomach, etc.) 9 (19.1%)
Patients with recurrence in >1 organ 10 (21.3%)

Patients receiving further therapy for recurrence
(multiple possible)

(% of recurrences)

No further therapy/no info 7/4 (21.3%)
SSA/TKi/mTORi 20 (42.6%)
PRRT 4 (8.5%)
Chemotherapy 11 (23.4%)
Re-Operation 5 (10.6%)
Percutaneous ablation 7 (14.9%)
Patients receiving > 1 different treatment 10 (21.3%)

LN¼ lymph nodes; mo¼months; mTORi¼mechanistic target of rapamycin in-
hibitors; PRRT¼ peptide receptor radionuclide therapy; SSA¼ somatostatin ana-
logs; SD¼ standard deviation; TKi¼ tyrosin kinase inhibitors.
RFS. Regarding OS, factors associated with worse outcome in uni-
variable analysis are shown in Fig. 2. After incorporation in a
multivariable model, tumour size �2 cm (HR 5.98; 95% CI:
1.43e25.04), age� 60 years (HR 3.14; 95% CI: 1.53e6.45), metas-
tasis (HR 2.27; 95% CI: 1.02e5.03) and grading (HR 2.00; 95% CI:
1.22e3.29) remained significant (Table 4B). Neither incomplete
resection (R1/R2) nor nodal status was significantly associated with
OS. Presence of metastasis at diagnosis was associated with a
decreased median survival of 55.6 months (95% CI: 30.61e80.59).
Patients with both tumour-size � 2 cm and G3 grading (n¼ 21)
showedmetastasis at the time of surgery in 52.4% and had a poor 5-
year OS of 36.2%. Of note, in the whole cohort, occurrence of any (or
severe) postoperative morbidity or clinically relevant pancreatic
fistula did not impair OS.

Patients with small tumours

We furthermore investigated outcomes in patients with tu-
mours <2 cm (n¼ 64; 32%). Their characteristics did not differ from
the overall cohort regarding age, sex, symptoms or diabetes as
depicted in Table S1. However, 17.2% were functional tumours
compared to 8.8% of tumours �2 cm (p¼ 0.098). In 41 patients
(64.1%) the tumour was diagnosed incidentally, without causing
any symptoms. Nine patients (14.1%) underwent a laparoscopic
procedure. Despite small tumour size, 21 patients (33%) had G2/G3
grading, 8 cases (12.5%) showed positive lymph-nodes, and 3 (4.7%)
patients had metastasis at the time of pancreatic surgery. Although
excellent long-term results were achieved with a 10-year-OS of
93.9%, four patients (6.3%) experienced recurrence (at a mean of
31.8 months). Of these, 3 out of 4 initially presented with positive
lymph-nodes or G2/G3 grading and recurrence was associated with
worse 10-year-OS (37.5% vs. 100%; p< 0.001), with two patients
deceasing during follow-up related to progressive disease recur-
rence (both with G2/G3, non-functional tumours). Patients with
functional, small-tumours (n¼ 11) showed 100% 5-year-OS.

Discussion

The ASSO pNEN-database represents one of the most compre-
hensive, national multi-centre cohorts within Europe evaluating
this rare tumour entity by providing in depth details on surgical
treatment, postoperative outcome and systemic treatment. Data
quality is good with a high rate of completeness (Fig. 1A,B), but a
clear potential for further improvement in terms of imaging, lab-
oratory analysis and histology is given. One example for current
limitations is the missing differentiation between G3 NET and NEC
(well-differentiated vs. poorly-differentiated), as recently recom-
mended in the 2017 WHO-guideline [24] and rapidly been adopted
by most pathologists and clinicians [25,26]. Another restriction of
our retrospective analysis is unavailability of disease-specific sur-
vival data, which would be of special interest due to the high me-
dian age of patients and potentially semi-benign behaviour of most
pNENs. Furthermore, specific histological markers such as micro-
vascular or perineural invasion have been shown to influence
OS [4,27], but were not routinely examined in our cohort until
recently.

Despite these limitations, several conclusions can be drawn
regarding the afore-mentioned aims of this study. First, pancreatic
resections for pNENs in Austria are performed with internationally
comparable morbidity (42.5%) and mortality (3.5%). While the un-
derlying reported single-centre data for 90-days mortality have
been validated with national survival statistics [18], morbidity
including grade B/C fistula (15%) is based on retrospective analysis
and might be underestimated, as complication rates of 50% and
clinically relevant fistula rates of up to 18% have been reported in



Table 4A
Univariable and multivariable analysis of factors influencing recurrence free survival. (n¼ 186).

Univariable Cox Regression Multivariable Cox Regression

HR 95% CI P HR 95% CI P

Patient characteristics
Age �60 1.20 0.67e2.15 0.540
Male sex 0.91 0.50e1.66 0.759
Symptomatic tumours 1.49 0.84e2.66 0.176
Preoperative diabetes 0.34 0.08e1.42 0.140
Genetic syndrome 1.48 0.36e6.16 0.589
Functional tumours 0.11 0.02e0.79 0.028 0.26 0.04e1.94 0.188
Tumour characteristics
Grading (WHO 2010)* 4.68 2.94e7.52 <0.001 2.71 1.57e4.67 <0.001
T stage (ENETS)* 3.97 2.34e6.76 <0.001 **
Tumour size �2 cm (ENETS> T1) 4.66 1.67e13.01 0.003 2.51 0.84e7.53 0.100
N status (N1 vs. N0 or Nx) 4.56 2.49e8.35 <0.001 1.63 0.79e3.37 0.190
R status (R1 vs. R0) 2.61 1.01e6.75 0.049 0.87 0.31e2.47 0.792
Metastasis 7.93 4.18e15.05 <0.001 2.50 1.11e5.64 0.027
Tumour site* 1.14 0.84e1.55 0.400
Postoperative factors
Postoperative morbidity
Any 1.08 0.59e2.00 0.796
Severe 0.80 0.29e2.25 0.675

Clinically relevant pancreatic fistula (grade B or C) 0.61 0.19e1.98 0.411

*Entered as categorical variable; ** not included in multivariable model due to collinearity with tumour size �2 cm; *** not included due to obvious confounding.
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prospective trials on pancreatic resections by other groups
[16,28,29]. Furthermore, in our cohort, 12.7% of patients developed
new-onset postoperative diabetes. Analysing our findings in the
context of previous publications, indications for resection of pNENs
still need to be discussed with great diligence in each patient, since
increasingly tumours with small size are diagnosed incidentally [4].
Even enucleations show a considerable risk for pancreatic fistula or
associated complications [6]. Nevertheless, our study confirmed
findings from recent reports [30,31], showing that postoperative
complications in pNEN do not influence long-term outcome
measured by RFS or OS. These results are contrary to reports of
impaired survival in cholangiocarcinoma patients suffering com-
plications after hepatectomy [31,32], while studies on outcome and
complications after resections for PDAC are inconclusive [33e36].
In summary, evidence does not indicate adjustment of post-
operative surveillance or adjuvant treatment in pNEN patients
experiencing complications after resection.

Secondly, insights on recurrence allow for preoperative risk
stratification and optimization of early relapse-detection and po-
tential therapy. Tumour size �2 cm (HR 5.98), age �60 (HR 3.14),
poor grading (HR 2.00) and metastasis at the time of surgery (HR
2.27) were independently associated with worse OS, while grading
(HR 2.71) and metastasis (HR 2.50) were independently associated
with RFS. These risk factors have also been reported in the studies
from Verona [4], Heidelberg [6] and Shanghai [5], which have
additionally shown non-functionality and nodal-positivity as pre-
dictors of OS and RFS; both were significant in our univariate
analysis, but did not remain significant in the multivariable model,
possibly due to the smaller number of patients.

Almost every fourth patient experienced recurrence, with more
than 90% showing liver metastases or local/pancreatic relapse.
Particularly patients with poor grading (G2/G3) and metastasis at
diagnosis had substantially increased risk for recurrence, signifi-
cantly influencing OS. Our results are in line with non-European
studies from Asia [5,37] reporting relapse in 25% of patients after
curative resection, most commonly in the liver (>85%). Although
progressive liver resections and debulking of 70e90% of total he-
patic tumour volume have been advocated for neuroendocrine
metastasis recently [38e41], only 10% of recurrences in our cohort
were treated with resection. We conclude a need for intensified
involvement of surgical oncologists in the postoperative follow-up
and discussion for multidisciplinary treatment of relapsing pNEN
patients to ensure full curative potential in case of oligometastatic
recurrence. Furthermore, prospective trials on treatment of recur-
rence are needed. Neoadjuvant chemotherapy or peptide receptor
radionuclide therapy (PRRT) [42] for high-risk patients (nodal
positive, poor grading, tumours �2 cm) is another topic justifying
scientific evaluation to improve outcomes.

The final result of our study comprises subanalysis of small tu-
mours <2 cm. There is an ongoing debate about observation versus
resection, since a strict correlation between size and malignancy in
non-functioning pNENs has been demonstrated in retrospective
series [43]. Further reports showed no recurrence or tumour-
related death in cases with upfront resection or with observation
and consequent resection after progression. These retrospective
findings hypothesised observation as a reasonable alternative to
surgery. Besides the obvious bias inherited in this conclusion,
caution should be advised since follow-up was limited to 4 years in
these studies [44e46]. The ENETS guidelines recommendation for
possible observation of small pNENs [47] is based on studies on
inherited tumour syndromes like MEN-1 [48] and may therefore
not directly be extrapolated to sporadic pNENs. Similarly to dia-
metrical results by other groups [49e51], 33% of our small-tumour
patients presented with poor grading (G2/G3), 12.5% with positive
lymph-nodes and 4.7% with metastasis, resulting in a recurrence
rate of 6.3% and two deaths (3.1%) owing to progressive disease.
Accordingly, risk stratification by size alone is not adequate [51,52].
However, in case of complete resection of tumours <2 cm with
absent risk factors (positive lymph-nodes, poor grading, metas-
tasis), less stringent long-term follow-up seems acceptable. Pro-
spective investigations of small pNENs are challenging due to the
low incidence and generally slow growth rate, requiring more
extensive follow-up. Recently, ENETS has approached the current
lack of evidence with the ASPEN trial, a prospective large-scale
study for small non-functional pNENs [53].

To further optimize the future potential of our database several
structural improvements are necessary. To lower the threshold for
participation of centres, we have liberally set the time-spans of data



Fig. 2. Survival analysis (Kaplan-Meier; log-rank) for factors influencing overall survival (n¼ 200) A) Functional (n¼ 23) vs. non-functional tumours (n¼ 177), B) WHO 2010
Grading: G1 (n¼ 87), G2 (n¼ 80), G3 (n¼ 25), C) Resection margin (R-Status; R0 (n¼ 177) vs. R1/2 (n¼ 18), D) Nodal status: N0/no lymphadenectomy (n¼ 148) vs. N1 (n¼ 52), E)
Metastasis: M0 (n¼ 169) vs M1 (n¼ 31), F) Tumour size: <2 cm (n¼ 64) vs.� 2 cm (n¼ 136) G) Patient-age: <60a (n¼ 87) vs.�60a (n¼ 113), H) ENETS 2006 T-stage: T1 (n¼ 61), T2
(n¼ 54), T3/4 (n¼ 85), I) ENETS 2006 Stage I (n¼ 56), II (n¼ 76), III (n¼ 36), IV (n¼ 32).
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inclusion. Therefore, each centre has reported different time-eras
(Fig. 1B). In the “core era” between 2010 and 2013, where all cen-
tres reported their data resulting in a yearly median of 23 cases,
participating departments performed almost 2/3 of Austrian pNEN
resections nationwide [3]. The next planned steps include expan-
sion to whole-era reports of each centre and integration of further
centres performing medium-to high-volume surgery. Together
with effects of ongoing centralization in pancreatic surgery in
Austria and rising incidence of pNENs, an anticipated yearly
documentation of 40 surgical pNEN cases seems achievable. To
further foster efforts and modern requirements of surgical-driven,
registry-embedded clinical trials [54,55], expansion of the current
database to a structured, prospective, auditable, nationwide regis-
try will be accomplished in the near future.

In conclusion, this first publication by our study group ac-
knowledges several results of available literature, including risk
factors influencing pNEN recurrence and OS. Pancreatic surgery in
Austrian centres is performed with internationally comparable
morbidity and mortality. A watch-and-wait strategy purely based
on tumour size cannot be recommended according to our data.
Results of prospective trials (e.g. the ASPEN study) will add more
insights to this controversial issue. The ASSO pNEN study group



Table 4B
Univariable and multivariable analysis of factors influencing overall survival in the whole cohort of pan-NEN Patients (n¼ 200).

Univariable Cox Regression Multivariable Cox Regression

HR 95% CI P HR 95% CI P

Patient characteristics
Age� 60 2.62 1.30e5.29 0.007 3.14 1.53e6.45 0.002
Male sex 0.85 0.46e1.60 0.624
Symptomatic tumours 1.48 0.81e2.70 0.202
Preoperative diabetes 1.23 0.52e2.92 0.636
Genetic syndrome 1.13 0.27e4.70 0.871
Functional tumours 0.12 0.02e0.91 0.040 0.33 0.04e2.53 0.288
Tumour characteristics
Grading (WHO 2010)* 3.13 1.97e4.98 <0.001 2.00 1.22e3.29 0.006
T stage (ENETS)* 2.98 1.88e4.73 <0.001 **
Tumour size �2 cm (¼ENETS> T1) 9.37 2.27e38.77 0.002 5.98 1.43e25.04 0.014
N status (N1 vs. N0 or Nx) 4.35 2.33e8.15 <0.001 1.74 0.83e3.65 0.146
R status (R1 or R2 vs. R0) 2.24 0.99e5.05 0.053
Metastasis 5.47 2.77e10.80 <0.001 2.27 1.02e5.03 0.044
Tumour site* 0.82 0.60e1.13 0.233
Postoperative factors
Postoperative morbidity
Any 1.52 0.82e2.80 0.183
Severe 1.06 0.41e2.72 0.908

Clinically relevant pancreatic fistula (grade B or C) 1.00 0.39e2.57 0.999
Postoperative recurrence 4.72 2.81e7.93 <0.001 ***

*Entered as categorical variable; ** not included in multivariable model due to collinearity with tumour size �2 cm; *** not included due to obvious confounding.
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serves as a profound base for further research on resected pNENs in
Austria.
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