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Abstract
Background Neuroendocrine neoplasia (NEN) are rare and heterogenous tumours. Few data exist on the impact of surgical therapy.
Materials and methods This is a retrospective analysis of prospectively collected data of gastroenteropancreatic NEN in the
German NET-Registry (1999–2012). It focuses on patients without distant metastases (limited disease, LD, stage I–IIIB).
Results Data of 2239 patients with NENwere recorded. Median age was 59 years, the gender ratio was 1:1.3 (f:m). A total of 986
patients (44%) had LD, and the 5-year survival rate (5 years) was 77% for all and 90% for patients with LD. A total of 1635
patients (73%) received a surgical therapy (1st to 6th line); the 5 and 10 ysr were 83/65% after and 59/35%without surgery for all
patients (p < .001). The resection margins in the LD patients were 76%, 16%, and 3% for R0, R1 and R2, respectively. The 10 ysr
was 84%, 59% and 42% for R0, R1 and R2 resections, respectively (p = .021 R0/R1, p < .001 R0/R2). The R0 resection rate was
75% for G1/G2 NET and 67% for G3 NEC.
Conclusion The rate of complete tumour resection (R0) in LD is independent of tumour grading, and R0 resection is the key
determinant of long-term survival, as demonstrated by the 10 ysr. of 84%. All NEN patients with limited disease should be
considered for operation, if possible, as the best 10-year survival is shown after an R0 resection.
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Introduction

Neuroendocrine neoplasia comprise a rare and heterogenous
group of tumours. Recently published epidemiological data of
large population-based cohorts and different nationwide tumour
registries suggest an increasing incidence and improved clinical
outcome for this disease over the last 15 years [1–5]. The inci-
dence of neuroendocrine neoplasia (NEN) is low, with 4–6 cases/
100,000 inhabitants per year. Due to an often indolent tumour
biology, its prevalence is estimated at 18–20/100,000 inhabitants,
and NENs are more prevalent than oesophageal, gastric, pancre-
atic or hepatobiliary malignancies [6–8]. In most registries, small
bowel-, pancreatic- and NEN with unknown primary (CUP) are
the most frequent entities among gastroenteropancreatic NEN.
Lymph node metastases are seen in approximately 80% of pa-
tients, and distant metastases are observed in 50–64% of cases at
the time of initial diagnosis. The liver is the most frequent site of
distant metastases, followed by peritoneum, lung and bone [9].
The survival of patients decreases when lymph node metastases
are present, and it decreases further when distant metastases are
observed [10, 11]. Different classification systems to predict
prognosis have been developed over the last decades, but they
fail in clinical practice due to their complexity. The ENETS
(European Neuroendocrine Tumor Society) classification and
grading proposal, published in 2006 for foreguts and in 2007
for mid- and hindguts by Rindi et al., were implemented into
the TNM classification in 2009 and into WHO 2010 classifica-
tion systems to enable an easier handling of these rare and com-
plex diseases [12–15]. The grading of NEN was insufficient by
common histomorphological criteria [14, 15] and is currently
based on the proliferation index Ki-67, which is proven to be of
prognostic significance [16–18]. Surgical resection is currently
the only curative treatment option for NEN. The main surgical
principle in NEN patients is a radical resection of the primary
tumour including locoregional lymph nodes and, if possible, the
complete resection of metastases [19]. Although surgery is the
cornerstone of curative treatment of NEN, only few outcome data
are available, and they are mostly monocentric and retrospective
[20–22], even less is known about the impact of surgery on long-
term survival. The aim of this study was to analyze the long-term
outcome of a surgical treated cohort of NEN with local and
locoregional NEN (TNM stage < IIIb) in a large, nationwide,
multicentric cohort (German NET-Registry, 2000–2011).

Materials and methods

The German NET-Registry is a joint multicentric effort of 30
actively participating institutions caring for patients with NEN;

it is organized by the German Society of Endocrinology
(Deutsche Gesellschaft für Endokrinologie, DGE) and was
founded in 2003; and the general mode of operation has previ-
ously been described [23]. Briefly, after registering at the NET -
Registry, the participating institutions, which are either university,
teaching, community hospitals or private chambers, obtain ap-
proval from the local ethics committee for participation in the
NET-Registry. Prior to the documentation of patient data, signed
informed consent is obtained from the NEN patients who are
being considered for inclusion in the registry. The inclusion
criteria, besides signed informed consent, require the presence
of a histologically confirmed NEN and an age greater than
18 years at the time of inclusion into the NET-Registry. In this
study, only NENs of gastroenteropancreatic (GEP) origin or of
unknown primary tumour site (CUP) with intra-abdominal man-
ifestation were analyzed for the results of oncological visceral
surgery.

Data were repeatedly collected in the actively participating
institutions from source documents by qualified study nurses
who had obtained specific training and experience in the treat-
ment of NEN and filled out a specifically designed questionnaire.
For the period between 1999 and 2004, data were retrospectively
documented; after 2004, they were prospectively documented.
Documented data were transferred to an MS ACCESS database
(Lohmann & Birkner Health Care Consulting, GmbH, Berlin,
Germany) from which data were extracted and transferred to
SPSS software (version 20.0, SPSS GmbH Munich, Germany)
for further statistical evaluation and calculation.

Collected data included general epidemiologic information
such as gender, age, date of initial diagnosis, last visit to the
reporting institution and date and—if available—cause of death.
Disease-specific information such as primary tumour localiza-
tion, presence or absence of metastasis, date of detection of me-
tastasis, localization of metastasis, presence or absence of func-
tionality and hormone hypersecretion syndrome, and available
histopathological classification criteria was also obtained.
Finally, treatment-specific information on the treatment modali-
ties and results with regard to overall outcome were also record-
ed. A R0 resection was defined as histologically proved tumour-
free resection margin of more than or at least 1 mm. Overall
survival was defined as the difference between the time of first
tumour diagnosis to time of last visit or death of any cause.
Further details can be obtained from previous publications [9,
23] and the website of the NET-Registry [www.net-register.org].

Statistical analysis

The statistical evaluation was performed using SPSS software,
version 20.0 (SPSS GmbHMunich, Germany). All values are
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given as the median ± standard deviation (SD). All metric
values were tested for normal distribution using the
Komolgorov-Smirnov test and were further analyzed by
paired tests. Non-normally distributed metric variables and
ordinally scaled variables were analyzed by the Wilcoxon-
Mann-Whitney U test. For nominally scaled variables, we
used χ2 testing, Fisher’s exact test, and Wilcoxon-Mann-
WhitneyU test. For nominally scaled variables in paired t tests
in the presence of significance, log-rank testing was used.
Univariate survival rates are given as cumulative estimation
by Kaplan-Meier method and log-rank test with p < .05 as
statistically significant.

Results

Description of the cohort

A total of 2239 patients with histologically confirmed GEP-
NEN and an initial diagnosis between 1999 and 2012 were
included in the analysis. The female-to-male ratio was 1051 to
1188 (1:1.3), the mean age at initial diagnosis was 56.7 years,
and the median age was 59 years, ranging from 14 to 93 years.
The median follow-up time was 27 months, ranging from 1 to
163 months. During the follow-up period, 372 (16.6%) deaths
occurred. In 100 of 115 cases (86.9%) with a documented
cause of death, the death was considered to be NEN-related
(Table 1).

Data for disease stage were available in 2228 (99.5%)
cases. Limited disease (LD, TNM stages I–IIIa), meaning ab-
sence of distant metastasis (M0), was recorded in 986 (44.3%)
cases, and extensive disease (ED, TNM stage> IIIa), meaning
distant metastases are present, was recorded in 1242 (55.7%)
cases [14].

Grading data according to the WHO 2010 guidelines were
available in 1266 (56.5%) patients: 498 (39.3%) were grade 1
NEN (NET-G1), 585 (46.2%) were grade 2 NEN, and 183
were grade 3 NEN [24].

The most common primary tumour localizations were the
pancreas (757, 34.3%), small bowel (561, 25.4%), and carci-
noma of unknown primary site (CUP, 322, 14.6%), followed
by the stomach (163, 7.3%), rectum (108, 4.9%), and duode-
num (104, 4.7%). Presentations of appendiceal (94, 4.3%),
colonic (51, 2.3%), and oesophageal (16, 0.7%) NET were
underrepresented in this cohort of patients from neuroendo-
crine referral centres (Fig. 1a). The distribution of the surgical
cohort is shown in Fig. 1b. Characteristic hormone hyperse-
cretion syndromes were documented in 500 (22.3%) of all
2239 cases with carcinoidsyndrome in 350 (70%), insulinoma
syndrome in 70 (14%), Zollinger-Ellison syndrome in 45
(9%) cases, and other syndromes in 35 (7%) cases.

Therapy

In the nationwide registry, 1635 out of 2239 patients
(73.0%) were operated on, and there were 1756 operations
in total.

Depending on available information, surgery was 1st line
therapy in 65% (1369/2109), 2nd line therapy in 31% (330/
1083) and 3rd line in 17% (57 /569) of patients. In total sur-
gery was documented up to 6st line therapy, which means
surgery was done repeatedly or between and after other ther-
apies like biotherapy, chemotherapy, or others. Non-surgical
treatment in patients with remaining or recurring NEN includ-
ed somatostatin analogue therapy (biotherapy) in 30% (667/
2239), chemotherapy in 16% (364/2239), and PRRT in 15%
(329/2239, Fig. 1c, d) of patients. The rate of surgery depend-
ing on tumour stage (extensive disease, ED, and limited dis-
ease, LD) is shown in Fig. 2.

The distribution of Ki-67-based grading was performed
according to the ENETS proposal, which was adopted by
the WHO 2010citation [25].

TNM-based staging was defined as limited (LD, TNM I–
IIIa) or extensive disease (ED, TNM IIIb and IV) in patients
with and without surgical therapy, as summarized in Fig. 3.

General outcome

The overall 5-year survival rate (5 ysr) was 77% for all pa-
tients (n = 2217) in the German NET-Registry, 59% for the
non-surgical (n = 502) group, and 83% for the surgically treat-
ed group (n = 1632) (p < .001, Fig. 4).

The 5-year survival for all patients with LD (n = 967) was
77.3%, and the 10-year survival was 59%. The mean overall
survival was 137 months, while a median overall survival was
not calculated in the LD group (Fig. 5).

Results of surgery in limited disease

Resectional margin

In the surgically treated group, 840 out of 1632 (51.5%) pa-
tients had LD at their initial diagnosis, and this was confirmed
in 808 (49.5%) patients at the time of surgery. A total of 32
(2%) patients developed extensive disease or were falsely
stratified. Information on resection margins was available in
495 patients (58.8%). Of those, 376 patients (75.9%) had a
complete resection with histologically confirmed tumour-free
resection margins (R0 resection). These patients had a 5-year
survival rate of 94% and a 10-year survival rate of 84%. In
patients with microscopic positive tumour margins (R1 resec-
tion, n = 78, 15.7%) or macroscopic tumour persistence (R2
resection, n = 14, 2.8%), the survival rates were 88% and 85%
after 5 years and 59% and 42% after 10 years, respectively
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(p = .021 for R0 versus R1, p < .001 for R0 vs. R2, not
significant for other groups, Figs. 4 and 5).

Grading and resection margin

Information on grading and resection margin was avail-
able in 422 out of 840 patients with an LD stage.
Additionally, 398 patients (94%) presented with G1 and
G2 tumours.

Data for resection margin were available in 84% (334/
398) of these patients with G1 and G2 tumours.
Specifically, 251 patients (75%) had an R0 resection, 56
(17%) had an R1 resection, and 13 (4%) had an R2 re-
section. In 14 (4%) of cases, the resection margin was
documented as RX (unclear, Fig. 5). In patients with G3
NEC (n = 24), the resection margins were documented in
18 patients (75%), with 12 patients presenting with an R0
resection (67%), 4 patients with R1 (22%), and 2 with Rx
(11%) (Fig. 6). There was a tendency for better survival in
the R0-resected group: 5 ysr was 61% in this group vs.
50% in the R1 group, but this was not significant
(p = .176 for R0 vs. R1, Fig. 6).

Discussion

Primary tumour distribution and rate of surgical
therapy

TheGermanNET-Registry is the first national platform compar-
ing long-term outcomes after surgical and non-surgical therapies
in patients with neuroendocrine neoplasia (NEN). This study
was focused on patients with limited diseases and excluded
patients with liver or other distant metastases. The data should
be representative, as they have been contributed by centres of
different sizes in Germany. However, they are not population-
based. This aspect might result in some bias concerning the
primary tumour distribution: appendiceal NEN, type I gastric
NEN, and small rectal NEN are underrepresented when com-
pared to population-based registries [26]. Small (< 2 cm)
appendiceal NEN, without risk factors such as mesoappendiceal
infiltration >3 mm or Ki-67 > 2%, is cured after an appendecto-
my and does not require any follow-up. Small incidental gastric
NET, in the case of chronic-atrophic gastritis (type I), and small
incidental rectal NEN, which can be removed endoscopically,
are rarely referred to any NET centres (Fig. 6).

With this restriction, the distribution of primary tumours is
comparable to other national registries [1–4]. The most

Table 1 Patient characteristics
according to surgical and non-
surgical therapy

Total Patients with
surgery (%)

Patients without
surgery (%)

Total n 2239 1635 (76.2) 510 (23.8)

Primary tumour localization n (n = 31: no information
for primary)

2208 1633 499

Oesophagus (n, %) 16 (0.7) 13 (0.8) 2 (0.4)

Stomach (n, %) 163 (7.3) 128 (7.8) 31 (6.2)

Pancreas (n, %) 757 (34.3) 545 (33.4) 182 (36.5)

Duodenum (n, %) 104 (4.7) 75 (4.6) 19 (3.8)

Appendix (n, %) 94 (4.3) 92 (5.6) 1 (0.2)

Small intestine (n, %) 561 (25.4) 493 (30.1) 47 (9.4)

Caecum (n, %) 32 (1.4) 29 (1.8) 3 (0.6)

Colon (n, %) 51 (2.3) 40 (2.5) 7 (1.4)

Rectum (n, %) 108 (4.9) 96 (5.9) 11 (2.2)

Unknown primary
(CUP) (n, %)

322 (14.6) 122 (7.5) 196 (39.3)

Age at ID Median (years) 59 58 61

Sex Female (n, %) 1051 772 (47.3) 240 (47.1)

Male (n, %) 1188 863 (52.8) 270 (52.9)

ENETS grading Total 1266 946 275

G1 (n, %) 498 (39.0) 408 (43.1) 74 (26.9)

G2 (n, %) 585 (46.2) 438 (46.3) 124 (45.1)

G3 (n, %) 183 (14.5) 100 (10.6) 77 (28.0)

Disease stage at ID Total 2262 1657 605

LD (n, %) 986 (43.6) 840 (50.7) 146 (24.1)

ED (n, %) 1276 (56.4) 817 (49.3) 459 (75.9)
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common primary localizations are the pancreas (34.3%) and
the small intestine (SI, 25.4%), followed by the group of car-
cinomas of unknown primary tumours (CUP, 14.6%) and gas-
tric NEN (7.3%, Fig. 1a, b).

At the initial diagnosis, a limited disease stage (ENETS
stage I–IIIa), which includes locoregional lymph node metas-
tases, was found in 43.6% of patients, and an extensive

disease stage, including distant metastases, in 56.4% of pa-
tients. Surgical therapy was performed in 1635 of 2239 (73%)
patients, and a total of 1756 operations were performed as a
1st to 6th line therapy (Fig. 1). The rate of surgical therapy is
comparable to the findings of Sakin et al., with 70% of sur-
geries performed in a monocentric study of 85 NEN cases
[25]. The authors described a curative surgery being used in

Fig. 1 a, bDistribution of primary tumours in the surgical and non-surgical groups. c, dDifferent therapies in the German NET-Registry and in surgery
as multistep therapies

Fig. 2 Rate of surgical therapy in
limited disease (LD, ENETS
stage I–IIIa) and in extensive
disease (ED, ENETS stage IIIB–
IV)

Langenbecks Arch Surg



64% of patients and a palliative surgery being used in 6% of
patients. In our registry, we have no information about the
intention of surgery.

In a Norwegian population-based study on NEN of all
sites, the rate of the distant metastases of the rectum, stomach,
small intestine, pancreas, and colon were 19.3, 26.6, 50.6, 52,
and 60%, respectively. The rate of distant metastases for
appendiceal NEN was only 5.3%.

Limited diseases and extensive diseases were seen in 57.9
and 42.1%, respectively, which is different from our findings,
with 43.6 and 56.4% for LD and ED, respectively, in the
GermanNET-Registry [27]. Herein, the comparability is weak

because all of the primary sites and all of the NEN types,
including epithelial and medullary types, are included.

Surgical therapy and survival

The difference in the survival rates between our patients who
received or did not receive surgery is high; however, because
the data were retrospectively added and due to the heteroge-
neity of the groups, a statistical comparison could not be per-
formed. One hundred forty-six of 986 patients (15%) with
limited disease and 36% (459/1276) of patients with ED did
not receive any surgical therapy.

R0 vs R1 p=.021

R0 vs R2 p<.001

R1 vs R2 n.s.

x R0 (n=376)

o R2 (n=14)

Δ R1 (n=83)

a+b) Long-term survival in limited disease stage dependent on resection margin
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 %

94% 88% 85%

84%

59%
42%

0%

20%

40%

60%

80%

100%

R0 R1 R2

Survival dependent on resec�on 
margin in LD

5-YSR

Fig. 4 a, b The benefit of complete tumour resection in limited disease is
elucidated in long-term survival: a tumour-free resectional margin (R0)
has crucial impact on long-term survival, resulting in excellent 10-year

survival rates: 84% (n = 376), 59% (n = 83), and 42% (n = 14) for R0, R1,
and R2-resection. p values are p = .021 for R0 versus R1 and p < .001 for
R0 versus R2 resection, n.s. for R1 and R2

Fig. 3 Results of surgical therapy
rate of resection margin in limited
disease stage were available in
495 of 840 pts. with LD data for
tumour grading in n = 422 with
398 (94.3%) G1 of G2 NET and
24 (5.7%) G3 NEC. Data for
resection margin were available
for 334 G1/G2 and 18 G3 NEC
patients
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Gender and age were comparable in both groups, but tu-
mour stage and tumour grade were different (see Table 1). LD
stage was present in only 51% of the surgical group and in
24% of the non-surgical group. The distributions of the
ENETS grading were 43, 46, and 11% in the surgical group
for G1, G2, and G3, respectively, and 27, 45, and 28% in the
non-surgical group for G1, G2, and G3, respectively. No in-
formation was available for the general health status and local
operability, as well as if any surgical procedure was discussed.

Data for survival after surgery in the registries are rare. In a
review of the period ranging from 2000 to 2013, Jilesen et al.
found a 5 ysr for a limited disease of pancreatic NEN between
85 and 93%, which is comparable to our finding of a 5 ysr of
92% for NENwith limited diseases [28]. No data for resection
margins were available. Hill et al. found an improved median
survival of 114 months in localized, regional, and metastatic
pancreatic NEN after complete tumour resections, compared
to 35 months if surgery was recommended but not performed
(n = 310/115, HR 0.48, national study). No data for resection
margins were available in the retrospective study, and the

reason for not performing surgery is not known.
Furthermore, both groups displayed heterogeneity in tumour
stage and age [29]. Prospective randomized controlled trials
will be necessary to answer this question in a satisfactory way.

The overall 5-year survival rate (ysr) was 77%, and the 10
ysr was 59%, for all patients (n = 2217) in the German NET-
Registry. These findings are comparable to or slightly better
than other registries, with the restriction that many registries
include NEN of all sites. In the Spanish database, the 5 ysr is
83 and 78% for small bowel and pancreatic NEN, respective-
ly. In the SEER and Norwegian databases, the 5 ysr is 50% for
all NEN types, 74% for rectal and appendiceal NEN, 59% for
small bowel NEN, 45% for stomach NEN, 41% for colon
NEN, and 43% for pancreas NEN [1, 27]. Hallet et al. found
a 5 ysr of 61% and a 10 ysr of 46.5% in a population-based
retrospective study in Canada (n = 5619) and 38% of metas-
tases at the initial diagnosis, including lung and other NEN
[6].

Cetinkaya et al. analyzed a population-based registry of
Norway in the time period from 1993 to 2015 and found

Fig. 6 A total of 24 G3 NEC
patients with limited disease were
registered; resection margin was
available for 18 patients. R0 in12/
18 pts. (67%), R1 in 4/18 (22%),
and Rx in 2/18 (11%). There was
a tendency seen to better survival
in R0 vs R1 resected patients; p
value was not significant

p< .001

surgery
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no surgery
(n=502)
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a) Outcome of surgery in the whole cohort (n=2358) b) Outcome of surgery in Limited disease (LD) 
since ini�al diagnosis (ID, n=931)
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Fig. 5 Surgery dependent survival in limited disease
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17,128 NEN incidences of all sites, including NEC and small
cell NEC. They described a 5 ysr of 64.8% for low/
intermediate aggressive tumours and 8.4% for aggressive tu-
mours. Tumour classification was not performed according to
the ENETS, and comparability was not attained, due to unre-
stricted tumour sites. The use of surgical therapy was not
analysed, but there was an interesting increase in survival
observed over time [27].

In our study, the 5 ysr for the non-surgical (n = 502)
group was 59%, and the 5 ysr for the surgically treated
group was 83% (n = 1632, p < .001). The 5 and 10 ysr in
LD were 83 and 65% with surgery, respectively, and 59
and 35% in LD without surgery, respectively (p < .001).
The mean overall survival was 137 months, whereas the
median overall survival was not obtained in LD (Fig. 4).
There are no other registry data analysing the survival
rates according to surgical outcomes.

Resection rate and survival

Our data suggest a survival advantage for surgically resected
patients with limited NEN disease (LD, stage I–IIIb). In this
collective group, 52% of the surgically treated group (839/
1632) had a limited disease at initial diagnosis, and 48% had
a limited disease at the time of surgery. The reason for the
delay of surgery with subsequent tumour progression from
the initial diagnosis to the time of surgery is not able to be
extracted from our database and may reflect the situation of
healthcare status, e.g. time to referrals to a centre.

A macroscopic complete tumour resection was achieved in
92% of patients (454/495, R0 and R1), of which 78 cases
(16%) showed a microscopic incomplete tumour resection
(R1), and in 14 cases (3%), the resection was macroscopically
incomplete.

The LD survival rates were 94, 88, and 85% after
5 years for R0, R1, and R2 resections, respectively
(Fig. 6b), and the LD survival rates were 84, 59, and
42% after 10 years for R0, R1, and R2 resections, re-
spectively. Thus, complete tumour resection (R0) is a
superior method, compared to a microscopic incomplete
resection (R1, p = .021), and superior to a macroscopic
incomplete tumour resection (R2, p < .001). No signifi-
cance could be observed between R1 and R2 resections.
Surprisingly, the survival disadvantages for R1 and R2
resections were not evident after 5 years but were evi-
dent after a long-term follow-up of 10 years, as is de-
scribed in Fig. 6. The missing significance level be-
tween the R1 and R2 resections may be explained by
the small group that was analysed, with 78 patients
receiving R1 resections and 14 patients receiving R2
resections.

The comparison of our results with other surgical studies is
difficult, as most studies focus on resection rates of liver

metastases and rarely focus on resections of primary tumours
without distant metastases.

Surgery in G3-NEC

There are little data concerning the outcomes of surgery in G3-
NEC with limited disease, as only 4% (18/421 in LD) of
patients who received surgical therapy were classified as G3.
However, these results show a possible benefit of R0 resection
in these patients (5 ysr of 61% vs. 50% in R1, n.s.). Similar
findings were observed by Shafqat et al. [30]. In this retro-
spective study of the SEER database from 2000 to 2011, 1367
patients were identified with colorectal neuroendocrine carci-
noma. Patients with localized and non-small cell NEC had
better survival rates with surgery (median survival of
21 months versus 6 months, respectively, p < .0001).
Notably, the prognoses in resected NEC were worse, with an
increasing number of lymph node metastases reported.
However, no differences in median survival were observed
after surgery in small cell NEC (18 months versus 14 months,
respectively) (p = .95). The overall 5 ysr in this distinct cohort
was 16.3% for all of the patients and 57.4, 56.4, 26.3, and 3%
for stages I, II, III, and IV NEC, respectively.

Limitation of this study

The limitations of this study include the retrospective inclu-
sion and the heterogenous quality of the data, leading to small
subgroups. The low rate of complete information of the per-
formed surgical procedures, the resection margins, and the
details of immunohistochemistry weaken the validity of this
study. Furthermore, only univariate analysis was performed to
prove the impact of surgical therapy in a heterogenous popu-
lation. In future analysis of the German Net-Registry, multi-
variate analyses should be performed.

Conclusion

In patients with limited NEN disease (I–IIIB), complete sur-
gical tumour resection (R0) is indicated, independent of tu-
mour grade. A histological tumour-free margin (R0)
leads to excellent long-term survival after 10 years that
is not seen in R1- or R2-resected patients. Multimodal
approaches and neoadjuvant procedures should be fur-
ther evaluated in these patients, but additional studies
are needed to evaluate the role of such a therapy in
locally advanced NEN.
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