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Opinion statement

In the 2019 WHO guidelines, the classification of gastro-entero-pancreatic neuroendocrine
neoplasms (GEP NEN) has changed from one being based on Ki-67 proliferation index alone to
one that also includes tumor differentiation. Consequently, GEP NENs are now classified as
well-differentiated neuroendocrine tumor (NET), NET G1 (Ki-67 G3%), NET G2 (Ki-67 3–20%)
and NET G3 (Ki-67 920%), and poorly differentiated neuroendocrine carcinoma (NEC) (Ki-67
920%). It has been suggested that NET G3 should be treated as NET G2with respect to surgery,
while surgical management of NEC should be expanded from local disease to also include
patients with advanced disease where curative surgery is possible. High grade mixed
neuroendocrine-non-neuroendocrine neoplasms (MiNEN) have a neuroendocrine and a non-
neuroendocrine component mostly with a poor prognosis. All studies evaluating the effect of
surgery in NEC and MiNEN are observational and hold a risk of selection bias, which may
overestimate the beneficial effect of surgery. Further, only a few studies on the effect of
surgery in MiNEN exist. This review aims to summarize the data on the outcome of surgery in
patients with GEP NET G3, GEP NEC and high grade MiNEN. The current evidence suggests that
patients with NEN G3 and localized disease and NEN G3 patients withmetastatic disease where
curative surgery can be achieved may benefit from surgery. In patients with MiNEN, it is
currently not possible to evaluate on the potential beneficial effect of surgery due to the low
number of studies.

Introduction

The classification of gastro-entero-pancreatic neuroendo-
crine neoplasms (GEP NEN) has changed with the 2019
WHO classification [1••]. GEP NENs are no longer classi-
fied only from the Ki-67 proliferation index but also clas-
sified according to cell type, tumor differentiation and
molecular genetic markers. NENs are classified as well-
differentiated neuroendocrine tumors (NET): NET G1
(Ki-67 G3%), NET G2 (Ki-67 3–20%), NET G3 (Ki-67
920%) and poorly differentiated neuroendocrine carcino-
mas (NEC), all with Ki-67 proliferation index 920% [1••].

NET G3 constitutes 15–20% of the NEN G3s and is
primarily found in the pancreas, while NECs are distrib-
uted among the esophagus, stomach, pancreas, colon
and rectum. NECs have an invasive behavior and are
characterized by early metastases [2].

The mixed neuroendocrine and non-neuroendocrine
neoplasms (MiNEN) are defined as tumors with a neu-
roendocrine and a non-neuroendocrine component such

as an adenocarcinoma, squamous-cell carcinoma or
acinar-cell carcinoma, of which each component consists
of at least 30% [3, 4]. The classification of MiNEN is now
based on the differentiation of the components; thus,
MiNENs are divided into low gradeMiNEN, intermediate
grade MiNEN and high grade MiNEN [3].

After the revision of the WHO guidelines in 2019, a
consensus paper on GEP NEN was published by the
European Neuroendocrine Tumor Society (ENETS) [1,
5]. The paper states that principles for surgery in patients
with NET G3 should follow the principles for surgery in
patients with NET G2 [5]. This statement is not only
based on studies reporting the effect of surgery, but also
on studies reporting the response to systemic therapy [6,
7]. With respect to surgery in patients with NEC, the
recommendation by the North American Society for
NeuroEndocrine tumors (NANETS) has changed from
a recommendation in 2010 against surgery in patients
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with metastatic disease to surgery in all patients with
both localized and regional disease and even selected
patients with metastatic disease if curative resection can
be achieved [5, 8].

We aimed to summarize the current literature on the
outcome of surgery in patients with GEP NET G3, GEP
NEC and high grade MiNEN.

GEP NEN G3
Localized and regional disease

The studies on NET G3 and NEC are presented in Table 1. Overall, hazard ratio
(HR) for mortality was below one suggesting a beneficial effect of surgery. Median
progression-free survival (PFS) was between six and 42 months, while median
overall survival (OS) was between nine and 152 months. The studies diverge
according to differences in localization of primary tumor, tumor stage and the
distribution of patients with either NET G3 or NEC [10, 12, 23, 25]. Early studies
have addressed the poor prognosis of NEN G3s [26, 27] leading to a recommen-
dation against surgery in the NANETS 2010 guidelines [8, 26, 27]. However, after
the publication of two large studies [10, 12], both ENETS and NANETS now
recommend surgery of tumorswith Ki-67 proliferation index 920% [5, 28]. A study
based on the Surveillance, Epidemiology and End Results (SEER) database includ-
ed 335 patients with non-metastatic NET G1-G3 and NEC [12] followed with
respect to disease-specific survival (DSS). Median survival was higher in patients
undergoing surgery (153 vs. 71 months), while non-surgical management was a
poor prognostic factor associated with reduced DSS (HR 4.5) in patients with NET
G1–3 and NEC [12]. The authors recommended surgery in patients with localized
and regional disease. This recommendation was supported by a more recent
European analysis of 60 patients (28% NET G3, 72% NEC) from eight centers
[10]. The study found that recurrence-free survival (RFS) after radical surgerywas 14
months, and the 2-year overall survival (OS) was 65%, but the effect of surgery was
better in patients with NET G3 compared to NEC (HR for survival 4.2) [10].

Metastatic disease
The ENETS guidelines from 2016 did not recommend surgery in NEN G3
patients with metastatic disease. The first publication to challenge this opinion
was a study from 2017 where 32 patients withmetastatic disease (24 with NEC,
two with NET G3 and six which could not be determined) underwent resection
of the primary tumor and/or radio frequency ablation of liver metastases [9].
The 5-year survival rate was 43%, and four patients were disease-free after 5
years. Recently, data from twomulticenter studies have supported the feasibility
of surgery in selected patients with metastatic disease [11, 13]. The largest study
included recent data from the Nordic NEC study group on 154 patients with
NET G3 or NEC diagnosed from 2007 to 2015 and aimed to investigate
outcomes after tumor surgery in patients with localized, regional andmetastatic
disease [13]. R0 resection in patients with localized and regional disease was
associatedwith a 5-year OS andmedianOSof 42% and 39months respectively.
In metastatic disease, the median OS in patients with R0 resection vs. an R1 or
R2 resection was 32 and 11 months, respectively. The results of these studies
support the recommendation of surgery in selected patients with metastatic
disease as stated in the ENETS conference paper from 2019 [5, 9, 11, 13].
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NEN G3 according to organ

Esophagus and stomach

Only a few studies report the outcome after surgery in patients with
NEN G3 from esophagus or stomach, and results are conflicting [14–
16]. The largest study is from the SEER database of 12,878 patients
with GEP NEC and GEP MiNEN from 1975 to 2016 which includes
198 patients with esophageal NEC and 1011 patients with gastric NEC
[14]. In the whole database, 11% had stage I disease, 7% had stage II
disease, 9% had stage III disease and 18% had disseminated disease,
while stage was unknown in 55% of patients [14]. Surgery had no
prognostic impact in patients with esophageal NEC, while no surgical
treatment was a poor prognostic factor in patients with gastric NEC
with respect to OS (HR 3.2). The beneficial effect of surgery in gastric
NEC was also reported in a small study including 12 patients with
gastric NEN G3 and a larger study which pooled gastric NEN G3 with
NET G1 and G2 [15, 16]. In the small study, 94% of patients with
gastric NEN G3 had lymph node metastases, while distant metastases
were found in 13% [16]. With regard to MiNEN, 85% had lymph node
metastases, and 30% had distant metastases [16]. In the larger study
lymph node metastases were found in all patients with esophageal
tumors and in 96% of patients with gastric tumors [15].

Table 1. Studies on surgery in patients with gastro-entero-pancreatic neuroendocrine neoplasms G3

Reference Year Area n Organ HR1 Median progression
free survival (months)

Median overall
survival (months)

Galleberg [9] 2017 Nordic 32 GEP N/A 8.4 35.9

Merola [10] 2020 Europe 60 GEP N/A 14 N/A
Merola [11] 2020 Europe 15 GEP N/A 8 59
Mosquera [12] 2016 North America 335 GEP 0.2 N/A 153

Pommergaard [13] 2021 Nordic 154 GEP 0.5 8 21
Shi [14] 2020 North America 12,160 GEP 0.3 N/A 107
Van der Veen [15] 2018 The Netherlands 30 Esophageal and gastric 0.3 15 23

Shen [16] 2016 China 69 Gastric 0.3 N/A 22.5
Xie [17] 2016 China 132 Gastric N/A N/A 48
Crippa [18] 2016 Italy 59 Pancreatic 0.3 N/A 35

Feng [19] 2019 North America 350 Pancreatic 0.4 N/A 12
Haugvik 2015 Nordic 119 Pancreatic 0.4 7–18 23
Partelli [20] 2015 Europe 19 Pancreatic 0.5 42 97
Yoshida [21] 2019 Japan 70 Pancreatic 0.1 N/A 9–39.5

Conte [22] 2016 North America 100 Colo-rectal N/A N/A 20.8
Fields [23] 2019 North America 1208 Colo-rectal 0.5 N/A 9
Shafqat [24] 2015 North America 367 Colo-rectal N/A 6–14 18–21

Smith [25] 2014 North America 126 Colo-rectal 0.8 N/A 10.2

GEP gastro-entero-pancreatic
1HR with respect to mortality in curatively resected patients
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Pancreas

The prognostic impact of surgery in patients with GEP NEN G3 has best been
described in pancreatic NEN [18–21, 29]. The NANETS guidelines from 2020
do not recommend surgical treatment of patients with pancreatic NEC as the
generally poor prognosis does not seem to be improved by surgery [30]. This
opinion, however, was not supported by the Nordic NEC study [29] including
76 patients with NET G3, 39 with NEC and four with non-classified tumors
from10Nordic university hospitals [29]. The patientswere included over a 14-
year period and were followed with respect to survival. Resection of the
primary tumor and subsequent metastatic surgery were associated with a
significantly higher 3-year survival rate of 69% compared to 45% for patients
with resection of the primary tumor and chemotherapy at recurrence and 17%
for patients only treated with chemotherapy [29]. Therefore, the authors
recommended surgery to selected patients with metastatic disease.
The results from theNordic study were supported by several other studies in
patients with NET G3 but not in pancreatic NEC [18–21]. The effect of
surgery on median OS varied from 4 months [19] to 33 months [21]. The
difference inOS could be explained by differences in the cohorts as the long
OS was found in a NET G3 cohort as opposed to the short OS which was
reported in a mixed NET G3 and NEC cohort [19, 21].

Small intestine

In the small intestine NEN G3s are extremely rare, and if they occur NET
G3s are the most common, while poorly differentiated NECs are rare [31].
The NANETS guidelines recommend resection of localized disease in NET
G3 [31], but the evidencewith respect to surgery is limited. For NEC, a SEER
database study included 249 patients with small intestinal NEC and
showed no surgery to be a negative prognostic factor with respect to
mortality (HR 1.5) [14].

Colon and rectum

Although several large studies have been performed on colon and rectum [14,
22–25], there are only few studies published after the newWHO guidelines in
2019. Two large American retrospective studies investigated the effect of
surgery [14, 23]. One of them including 1208 patients with colorectal NEC
from the National Cancer Database showed a beneficial effect of surgery (HR
0.5) with amedianOS of 9months [23]. The results were supported in a SEER
database study including 798 patients with colonic NEC and 1376 patients
with rectal NEC [14]. A non-surgical approachwas a negative prognostic factor
with respect to OS in both the colon (HR 0.39) and rectum NEC (HR 0.26)
[14]. These results were in contrast to an earlier retrospective study in 126
patientswithNEC froma single center [25]. These patients had amedianOSof
13.2 months [25]. The discrepancy between the studies may reflect differences
in the proportions of patients with metastatic disease [23, 25]. The effect of
surgery may differ in small-cell NECs compared to non-small-cell NECs [24].
In another SEER database study including 1367 patients, surgery was a prog-
nostic factor if tumor was a localized non-small cell NET G3 or NEC, as

810 Neuroendocrine Cancers (M Cives, Section Editor)



median OS was 21 months in patients undergoing surgery compared to 6
months in the no surgery group. This beneficial effect of surgery could not be
found in patients with small-cell NET G3 and NEC [24].

Interpretation of studies

Based on the 2019 WHO classification, there is a need for studies consid-
ering the distinction between NET G3 and NEC. Because the classification
of tumors with a Ki-67 proliferation index 920% as either NETG3 orNEC is
new, the previous literature is difficult to interpret according to the 2019
classification, as many studies included both patients with NET G3s and
NECs [12, 16–18, 24, 29, 32]. However, in one study the cohort was
divided into two groups (well-differentiated and poorly differentiated)
using features mainly based on morphology with criteria comparable to
those of the current classification. This allows differentiation between NET
G3 and NEC [10]. The differences in cohorts with respect to distribution of
NET G3 and NEC patients contribute to differences in observed beneficial
effects of surgery as surgery is associated with longer OS in NET G3
compared to NEC [19, 21]. Another challenge is studies mixing NET G3
and NEC with NET G1 and NET G2, which makes the interpretation
difficult. This approach may overestimate a potential beneficial effect of
surgery due to an improved prognosis in patients with NET G1 and G2 [20,
33–35].

Management of NET G3 and NEC

Our proposal for management of NET G3 and NEC is illustrated in Fig. 1.
The use of adjuvant therapy is not recommended in NET G3 in the recent
Nordic guidelines, while patients with NEC are recommended adjuvant

Fig. 1. Proposal for consideration of surgery in patients with NET G3, NEC or high grade MiNEN. MiNEN mixed neuroendocrine-non-
neuroendocrine neoplasm, NEC neuroendocrine carcinoma, NET neuroendocrine tumor.
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therapy with 4–6 cycles of Cis-/Carboplatin and Etoposide [36]. Currently,
neoadjuvant therapy is not recommended in guidelines [5, 36].

GEP MiNEN

MiNENs consist of a neuroendocrine and a non-neuroendocrine component
where each component contributes with a minimum of 30% of the total
component [3]. This 30% threshold, although arbitrary, is based on the as-
sumption that the lesser component is unlikely to influence the biological
behavior of the neoplasm. However, this may be questioned as a study includ-
ing 88 patients with gastric MiNEN found a poor prognosis in patients with a
NEC component of 10% [3, 37]. The study concluded that the definition of
MiNEN needs future verification and revision. The prognosis and malignant
potential ofMiNEN are determined by themost aggressive component [38, 39].
Most MiNENs are found in the esophagus and the esophageal/gastric junction
and in the colon and rectum [40, 41]. The prognosis depends on the localiza-
tion, as MiNENs with a pancreatico-duodenal origin have a poorer prognosis
compared to lower and upper gastro-intestinal MiNENs [41].

The effect of surgery in MiNEN is shown in Table 2. HR for mortality
was below one indicating a prognostic effect of surgery. Median PFS was
between 8 and 32 months, and median OS was between 11 and 92
months. Based on the current literature, there are several challenges
when MiNEN studies are evaluated. Studies with MiNEN published
before 2017 are characterized by lack of grading [16, 23, 41]. Some
studies only report pooled data on MiNEN and NEC [13, 15]. The
prognosis of MiNEN compared to a “pure” NEC differs in different
organs being worse in the esophagus, small intestine, appendix and
stomach but slightly better in the pancreas, gall bladder, colon and
rectum [14, 25, 32, 37, 42, 45–49]. Finally, the results of surgery have
not been studied exclusively, but in combination with other treatments
which makes evaluation of the surgical treatment difficult [41]. In 50
patients with GEP MiNEN, we have previously shown that the median
OS was 46 months in patients with localized disease vs. 7 months in

Table 2. Studies on surgery in patients with gastro-entero-pancreatic mixed neuroendocrine and non-neuroendocrine
neoplasms

Reference Year Area n Organ HR1 Median progression
free survival (months)

Median overall survival
(months)

Frizziero [40] 2019 Europe 19 GEP N/A 14 28.6
Laenkholm [42] 2021 Nordic 50 GEP 0.3 32 47
Pommergaard [13] 2021 Nordic 47 GEP 0.5 8 21

Shi [14] 2020 North America 718 GEP 0.4 N/A 92
Shen [16] 2016 China 20 Gastric 0.3 N/A 22.5
Zheng [43] 2020 North America 315 Appendix 0.4 N/A N/A

Nieβen [44] 2021 Austria 13 Pancreatic N/A N/A 31

GEP gastro-entero-pancreatic
1HR with respect to mortality in curatively resected patients

812 Neuroendocrine Cancers (M Cives, Section Editor)



patients with metastatic disease, and no surgery was associated with
higher mortality (HR 3.4) [50]. Our data suggest that it is important
to consider surgery in patients with localized MiNEN.

MiNEN according to organ

Esophagus and stomach

Esophageal MiNENs normally develop in the lower third of the esophagus
[38, 51]. In the stomach, MiNENs account for 7% of gastric NENs and 25%
of all gastric NECs [32, 37, 45]. A SEER database study of 41 patients with
gastric MiNEN found no prognostic effect of surgery, but no data on tumor
stage were reported [14]. This is in contrast to a previous single-center study
including 20 patients of whom 90% had regional or metastatic disease,
[16]. Here, an R0 resection was associated with an improvement in OS. The
difference in outcome, however, may be explained by the small number of
patients included in the studies or unequal tumor stages.

Appendix

Appendicular MiNEN is associated with a poor prognosis, but the literature
is sparse [43, 44, 52]. Recent data of 315 patients found that no surgery was
associated with a poor prognosis, HR 2.5 [44].

Pancreas

The indication for surgery in localized MiNEN is unclear. The effect of
surgery in localized MiNEN was presented in two retrospective studies [47,
53]. However, the material was heterogeneous in both studies as they
included possible acinar carcinomas and NENs [47, 53]. Currently, it is
unknown if surgery should be recommended in pancreatic MiNEN.

Small intestine, colon and rectum

Contrary to the colorectal form, MiNENs in the small intestine are rare [25,
38, 39]. In a SEER database study, surgery had no impact on prognosis in
small intestinal MiNEN [14]. There was no effect of surgery in patients with
colonic MiNEN, while a non-surgical approach was associated with a
poorer prognosis in rectal MiNEN (HR 4.1) [14]. However, the study
neither reported tumor stage, performance status (PS) nor MiNEN grade
[14].

Interpretation of studies

The evidence of surgery inMiNEN is scarce. Only few studies on the effect of
surgery in patients with MiNEN have been performed [14, 16, 41, 44, 50,
53] which makes it impossible to evaluate the potential beneficial effect of
surgery in this group of patients. There is a need for studies investigating the
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effect of surgery according to localization of primary tumor and disease
stage.

Management of high grade MiNEN

Our suggestion for management of high grade MiNEN is shown in Fig. 1.
We recommend adjuvant chemotherapy as proposed for patients with NEC
[4]. Currently, no guidelines support the use of neoadjuvant therapy.

Conclusion

This review is updated after the 2019 WHO guidelines and includes the new
studies which suggest that not only patients with localized and regional disease,
but also selected patients with metastatic disease may profit from surgery. The
studies evaluating the effect of surgery in general suggested a beneficial effect of
surgery in both NEN G3 and MiNEN. In NEN G3, median PFS was up to 42
months, while median OS was up to 153 months. In MiNEN, median PFS was
up to 32 months, and median OS was up to 92 months. It is a limitation that
the literature before 2019 did not separate NETG3 andNEC [12, 16–18, 24, 29,
32], and studies pooled NEN andMiNEN [13, 15]. We did not perform ameta-
analysis of data with a weighted estimate of the effect of surgery on PFS and OS
in NENG3 andMiNEN. All studies, however, seem to suggest a beneficial effect
of surgery. Finally, all studies reporting the effect of surgery in patients with
NENs and MiNENs are observational [9, 11–25, 29, 41, 44, 50, 53] and thus
may have selection bias, as primarily patients with good PS undergo surgery,
whichmay lead to overestimation of the potential beneficial effect of surgery. In
conclusion, we suggest, depending on age and comorbidity, surgery in all
patients with localized and regional GEP NEN G3, as well as in patients with
metastatic disease, if radical resection can be obtained. Radical surgery is
currently the only hope for cure and prolonged survival.
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