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Abstract

Although gastric neuroendocrine neoplasias (gNEN) are an orphan disease, their 
incidence is rising. The heterogeneous clinical course powers the ongoing discussion of 
the most appropriate classification system and management. Prognostic relevance of 
proposed classifications was retrospectively analysed in 142 patients from a single tertiary 
referral centre. Baseline, management and survival data were acquired for statistical 
analyses. The distribution according to the clinicopathological typification was gNEN-1 
(n = 86/60.6%), gNEN-2 (n = 7/4.9%), gNEN-3 (n = 24/16.9%) and gNEN-4 (n = 25/17.6%), 
while hypergastrinemia-associated gNEN-1 and -2 were all low-grade tumours (NET-G1/2), 
formerly termed sporadic gNEN-3 could be subdivided into gNEN-3 with grade 1 or 2 and 
gNEN-4 with grade 3 (NEC-G3). During follow-up 36 patients died (25%). The mean overall 
survival (OS) of all gNEN was 14.2 years. The OS differed statistically significant across all 
subgroups with either classification system. According to UICC 2017 TNM classification, 
OS differed for early and advanced stages, while WHO grading indicated poorer prognosis 
for NEC-G3. Cox regression analysis confirmed the independent prognostic validity of 
either classification system for survival. Particularly careful analysis of the clinical course 
of gNEN-1 (ECLomas, gastric carcinoids) confirmed their mostly benign, but recurrent and 
extremely slowly progressive behaviour with low risk of metastasis (7%) and an efficient 
long-term control by repetitive endoscopic procedures. Our study provides evidence for 
the validity of current classifications focusing on typing, grading and staging. These are 
crucial tools for risk stratification, especially to differentiate gNEN-1 as well as sporadic 
gNET and gNEC (gNEN-3 vs -4).
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Introduction

Gastric neuroendocrine neoplasias (gNENs) are a 
heterogeneous subgroup of gastroenteropancreatic 
neuroendocrine neoplasias (GEP-NENs) derived from 
specialized cells of the diffuse endocrine system and were 
initially described as gastric carcinoids by Max Askanazy, 
who already noted their similarity to the carcinoid 
tumours detected by Oberndorfer (Oberndorfer 1907, 
Askanazy 1923). The incidence of GEP-NEN in general 
and gNEN in particular has been rising throughout the 
last decades, probably because of increased awareness and 
broader use of diagnostic modalities such as endoscopy 
and standardized histopathological work-up (Boyce & 
Thomsen 2015, Dasari et  al. 2017). Recently published 
epidemiological data report a gNEN prevalence of 8.9% 
(5–23%) of all GEP-NEN (Delle Fave et  al. 2016). While 
the incidence of gNEN is rising worldwide, there is a 
clear trend for improved survival (Yang et al. 2018). The 
clinical and histopathological classification of gNEN 
into three subtypes (Rindi et  al. 1993, 1996) is widely 
accepted and proposed in guidelines by ENETS, NANETS 
and WHO (Rindi et  al. 2006, Ruszniewski et  al. 2006, 
Kulke et  al. 2010). Accordingly gNEN-type 1 (gNEN-1) 
are associated with hypergastrinemia (HG) in chronic 
atrophic gastritis (CAG), while gNEN-type 2 (gNEN-2) are 
resulting from HG caused by Zollinger-Ellison-Syndrome 
(ZES) either in a sporadic gastrinoma or associated with 
MEN-1-syndrome. These NENs putatively arise from the 
ECL cells of gastric corpus and fundus mucosa and have 
thus also been termed ECLomas (Rindi et al. 1993, 1996). 
In contrast gNEN-type 3 (gNEN-3) appear sporadically 
without yet known cause. In CAG the gNEN-1-incidence 
ranges between 23.4 and 39.1% (Massironi et  al. 2015, 
Campana et al. 2017). The annual incidence rate is 0.4% 
per 1463 person years (Vannella et al. 2011). Independent 
risk factors for the development of gNEN-1 are identified: 
age over 59 years, male gender, elevated chromogranin A 
(CgA) serum levels and histological findings of intestinal 
metaplasia (Campana et al. 2017). The long-term intake 
of proton pump inhibitors as independent risk factor 
for gNEN-1 is still under discussion, but new evidence 
questions this association (Soto-Solis et al. 2019).

Others proposed four subtypes by differentiating 
the sporadic gNEN-3 subgroup according to the Ki-67-
labelling index-based grading in gNET-3 and gNEC-4 
(Klöppel et  al. 2007); because of supposed clinical 
relevance, this proposal was recently adopted by the 
German S2K-Guideline for Neuroendocrine Tumours 
(Rinke et al. 2018). Up to date decision making is realigned 

to clinicopathologic type, grade and stage of the tumour 
(Borch et  al. 2005). The preconditions of an accurate 
treatment of patients with gNEN are a standardized 
histopathologic diagnosis and a commonly accepted 
while easily applicable classification system (Klimstra 
et al. 2010). For GEP-NEN the TNM-Staging and the Ki-67-
labelling index-based grading gained wide acceptance 
for risk stratification due to proven prognostic relevance 
(Rindi et al. 2006, Pape et al. 2008b, Bosman et al. 2010). 
The refinement of the classifications is a constant process 
including the recent UICC TNM Staging update (Kim 
et al. 2016, Gospodarowicz et al. 2017). New findings from 
the SEER database propose that more than six metastatic 
lymph nodes in partial or total gastrectomy gNEN are an 
independent predictor of survival (Pak et al. 2019).

On the other hand, WHO stated the heterogeneous 
course of gNEN-1 as mostly benign but rarely as of 
uncertain behaviour and the best clinical management is 
still open to a long-standing debate (Solcia et  al. 2000). 
The spectrum of recommended therapies ranged from 
aggressive surgery to even ‘watch and wait’ in early stages 
and therefore alternated in the past between presumed 
underestimation of the malignant potential and 
debilitating overtreatment (Ravizza et al. 2007, Massironi 
et  al. 2009). Current guidelines are controversial when 
it comes to best treatment and follow-up strategies in 
gNEN-1 (Kaltsas et al. 2014, Delle Fave et al. 2016). The 
likelihood for the even rare formation of metastasis of 
gNEN-1 is directly related to size and depth of invasion 
(Rindi et al. 1996, Saund et al. 2011) as well as to elevated 
Ki-67 values and serum gastrin levels (Grozinsky-Glasberg 
et al. 2013). Recently proposed size-based risk stratification 
differentiates low- (<1 cm), intermediate- (1–2 cm) and 
high-risk groups (>2 cm) (Saund et  al. 2011, Kaltsas 
et al. 2014). However, clinical guidance based on recent 
outcome data is lacking; therefore, the aim of our study 
was to identify prognostic factors of outcome in gNEN.

Materials and methods

Patient selection, data collection and processing

The medical records of 207 patients with gNEN treated 
at our institution between January 1992 and December 
2014 were analysed retrospectively. Histopathologic 
confirmation of a gNEN and age above 18  years at the 
time of hospital admission were required for inclusion. 
Consent for scientific analysis of routine clinical data 
was obtained on hospital admission in conformity 
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with the local ethics committee’s and data protection 
committee’s rules, which approve centre-based scientific 
analyses of data from patients treated at our institution 
by treating physicians as long as written general consent 
to scientific data analysis has been provided by each 
individual patient after informed consent. Patient 
files were reviewed systematically for date of initial 
diagnosis (ID), gastric localization of primary tumour, 
histopathologic grading and staging, clinical staging (i.e. 
results of resective procedures and imaging studies) and 
management information including treatment decisions 
(SF). Collected data were re-evaluated for correctness and 
consistency (SF, HJ, UFP). Survival data were obtained 
by chart review. According to the available information, 
the clinicopathologic typification as proposed by Klöppel 
et  al., the renewed UICC TNM staging system and the 
WHO grading system were applied whenever possible 
(Rindi et al. 2006, Klöppel et al. 2007, Bosman et al. 2010, 
Delle Fave et al. 2016, Gospodarowicz et al. 2017).

Definition of baseline data and alternative endpoints

The clinical and biological features of gastrinoma and 
specially the secondary character of gNEN type 2 (gNEN-2) 
lead to relevant methodological problems in retrospective 
analysis. Mainly the bias resulting from the presence of 
another primary (pancreatico-duodenal gastrinoma) 
with higher prognostic relevance was the rationale for 
exclusion of gNEN-2 from further outcome analysis.

Considering the pathophysiologies of gNEN, we 
defined baseline characteristics, primary and secondary 
endpoints as follows: pathophysiological, histological 
and clinical information available at ID were regarded as 
baseline information. In patients with gNEN-1, we defined 
an initial diagnostic period (IDP) of 6 months after date 
of ID and summarized all new histological and clinical 
data within this timeframe as baseline data. In patients 
with sporadic gNEN (gNEN-3 or gNEN-4), we defined the 
IDP as 3  months and likewise assessed all information 
recorded within this period as baseline data (Delle Fave 
et  al. 2016). The routine follow-up approach included 
repetitive upper endoscopy, abdominal ultrasound, 
computed tomography of the abdomen at 3–6 monthly 
(if stable) intervals and somatostatin receptor imaging 
(SRI) as required by suspicion of progressive disease.

We recorded data referring to ‘last well seen’ or ‘date 
of death’ for overall and NEN-related survival analyses. 
Endpoint definition was particularly challenging in  
gNEN-1 because of scarce deaths. Frequently performed 
removal by forceps rarely determined R0-results. 

Consecutively the endpoint ‘recurrence’ was not 
accessible. Therefore, histological evidence of gNEN-1 
manifestations collected after the IDP was classified as 
‘evidence of persistence’ (EP). All cases with histological 
evidence of gNEN-1, collected after the IDP, which 
showed additional progress in size, number, grading or 
respective clinical histopathologic staging were classified 
as ‘progressive disease’ (PD).

Statistical data analysis

Statistical data analysis was conducted using SPSS, 
version 25.0 (SPSS Inc.). The distribution of continuous 
variables is reported as mean, standard deviation 
(s.d.), standard error of the mean (s.e.m.), range and  
95% confidence interval (CI). After normal distribution 
was assessed by Kolmogorov–Smirnov test (for two samples 
and adhering to the Levene’s test of equal variances) the 
comparisons were performed with T-test or with Pearson’s 
chi-square test and Fisher’s exact (Fiex) if necessary.  
Mann–Whitney U test was applied for categorical variables 
and for continuous variables if normality was not given. 
All tests were two sided; a P value of <0.05 was considered 
statistically significant.

Overall survival (OS), time to evidence of persistence 
(TTEP) and time to progressive disease (TTPD) were 
estimated using the Kaplan–Meier method and tested for 
statistical significance by log-rank testing for all gNEN. We 
conducted a univariate analysis of baseline characteristics, 
followed by a multivariate analysis of significant variables. 
The relative hazard for EP and PD in gNEN-1 was calculated. 
Especially the relative risk of OS and NEN-related survival 
depending on typing, staging and grading was compared 
with the lowest risk group and analysed using an age- and 
gender-adjusted Cox proportional hazards model (Rindi 
et al. 2006, Klöppel et al. 2007, Bosman et al. 2010, Delle 
Fave et al. 2016, Gospodarowicz et al. 2017).

Results

Cohort characteristics

In total, 142 patients with gNEN, who were treated at 
our institution between January 1992 and December 
2014, met inclusion criteria and were analysed 
retrospectively. According to the clinicopathologic 
typification, 86 patients (60.5%) had CAG-associated 
gNEN-1, 7 (5%) had ZES-associated gNEN-2 and  
49 (34.5%) had sporadic gNEN-3 (Delle Fave et al. 2016);  
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the latter could be differentiated into 24 patients 
with gNEN-3 (i.e. NET) and 25 gNEN-4 (i.e. NEC) 
according to Klöppel et al. as shown in Table 1 (Klöppel 
et  al. 2007). The mean age at ID differed significantly 
between the patients with gNEN-1 and sporadic gNEN, 
but in detailed analysis only patients with gNEN-1 
were younger compared to gNEN-4 but not to gNEN-3 
(Table  2). gNEN revealed a male-to-female ratio (m/f) 
of 1:1.22 with women constituting the majority of the 
gNEN-1 (m/f-ratio of 1:2.07) and men the majority of 
sporadic gNEN (m/f-ratio of 2.43:1).

Clinicopathological and treatment characteristics

The variety of applied treatment strategies across all 
gNEN is shown in Table  3. To further characterize the 
largest subgroup, the clinicopathological characteristics of 
patients with gNEN-1, in particular locations, number and 
size of polyps, associated histology, grading (WHO 2010), 
pTNM stage and clinical stage (UICC 2017) are provided in 
reference to resective approach (Table 4) since only very few 
received medical treatment (SSA) (Table 3). Patients with 
gNEN-1 received multiple resections during follow-up.  

Table 1 Cohort characteristics.

gNEN-1, n (%) gNEN-2, n (%) gNEN-3, n (%) gNEN-4, n (%) Overall, n (%)

Type 86 (60.6) 7 (4.9) 24 (16.9) 25 (17.6) 142 (100)
Associated clinical condition CAG G/ZES/MEN-1 Sporadic –
Grading (WHO 2010)a 76 7 20 25 128
 G1 59 (77.6) 4 (57.1) 4 (20) 0 67 (52.3)
 G2 17 (22.4) 3 (42.9) 16 (80) 1 (4) 37 (28.9)
 G3 0 0 0 24 (96) 24 (18.8)
 Grade n.k. 10 0 4 0 14 
Staging (UICC 2017), clinical 81 n.a. 24 25 130
 Stage I 72 (88.9) n.a. 5 (20.8) 0 77 (59.2)
 Stage II 6 (7.4) n.a. 5 (20.8) 3 (12) 14 (10.8)
 Stage III 1 (1.2) n.a. 4 (16.7) 6 (24) 11 (8.5)
 Stage IV 2 (2.5) n.a. 10 (41.7) 16 (64) 28 (21.5)
 Stage n.k. 5 n.a. 0 0 5 
Synaptophysin (IHC) 60 3 19 22 104
 Positive 59 (98.3) 3 (100) 19 (100) 21 (95.5) 102 (98)
Chromogranin A (IHC) 71 3 21 22 117 
 Positive 71 (100) 3 (100) 19 (90.5) 16 (72.7) 109 (93.2)
Gastrin (serum) 51 6 9 7 73
 Normal 7 (13.7) 0 7 (77.8) 6 (85.8) 20 (27.4)
 Elevated 44 (86.3) 6 (100) 2 (22.2) 1 (14.2) 53 (72.6)
 n.k. 35 1 15 17 68 
Chromogranin A (serum) 52 5 12 15 84
 Normal 7 (13.5) 0 2 (16.7) 5 (33.3) 14 (16.7)
 Elevated 45 (86.5) 5 (100) 10 (83.3) 10 (66.7) 70 (83.3)
 n.k. 34 2 12 9 57 
Metastases at ID 86 n.a. 24 24 134
 Yes 3 (3.5) n.a. 12 (50) 18 (75) 33 (24.6)
 No 83 (96.5) n.a. 12 (50) 6 (25) 101 (75.4)
n.k. 0 n.a. 0 1 1 
Deaths 69 6 24 23 122
 Yes 7 (10.1) 1 (16.7) 11 (45.8) 18 (70.8) 37 (30.3)
 No 62 (89.9) 5 (83.3) 13 (54.1) 5 (20.8) 85 (69.7)
 n.k. 17 1 0 2 20 
Cause of death 6 1 6 13 26
 gNEN-related 1 (16.7) 1 (100) 6 (100) 12 (92.3) 20 (70)
 Other 5 (83.3) 0 0 1 (7.7) 6 (30)
 n.k. 1 0 5 4 10 

G1 Ki-67-index ≤2%; G2 Ki-67-index 3-20%; G3 Ki-67-index >20%; Grade n.k. Ki-67-index not available.
aClinical and first available Ki-67-labelling index-based grading; initial and first available information for clinical staging included, staging for patients with 
gNEN-2 was not applicable due to missing data and non-gastric primary; n, amount, % calculated on known data.
CAG, chronic atrophic gastritis; G, gastrinoma; gNEN, gastric neuroendocrine neoplasia; ID, initial diagnosis; IHC, immunhistochemistry; MEN-1, multiple 
endocrine neoplasia type 1; n.a., not available; n.k., not known; ZES, Zöllinger–Ellison syndrome.
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Resection by forceps and snare were the predominantly 
used techniques (n = 77; 88.4%), followed by EMR and 
ESD (n = 20; 23.3%). Surgery was an exception in gNEN-1 
(n = 10; 11.6%), as shown in Fig. 1.

Grading based on Ki-67-labelling index (first-
available) was recorded in 128 (90.1%) gNEN (Table 1). In 
total, 67 patients had G1 (52.3%), 37 had G2 (28.9%) and 
24 presented with G3 (18.8%). Ki67-index was available 
in 73 of 86 gNEN-1 (84.8%). In this subgroup 77% of 
all patients had a G1, and 23% had a G2 NET, while 
no grade 3 NEN was reported (Fig. 2). Sufficient clinical 
information for adequate clinical staging was available 
in 81 of 86 with gNEN-1 (94%) and in all patients with 
sporadic gNEN (Table 1). At initial diagnosis (ID) clinical 
staging according to UICC 2017 was available in 130 of 
142 patients (91.5%). In total the majority presented 
with stage I (59.2%), stage II and III (19.3%) and stage 
IV (21.5%). In 76 (88.4%) of all patients with gNEN-1 
information for staging was given (Table  4). Besides 
age (P = 0.035) and amount of polyps (P = 0.001) mainly 
tumour size (macroscopic, P = 0.044, and microscopic, 
P = 0.014) determined the therapeutic strategy in gNEN-1 
(Supplementary Table  1, see section on supplementary 
data given at the end of this article).

Staining data were available in 104 of 141 (73.7%) 
patients for synaptophysin and 117 of 141 (82.9%) 
regarding CgA. Serum gastrin levels were available in 73 
of 141 patients (51.7%) and in 84 of 141 patients (59.6%) 
CgA-levels were given (Table  1). Serum gastrin levels 
were significantly higher in gNEN-1 than in gNEN-3 
and gNEN-4 (P < 0.001 and P = 0.012), while CgA levels 
not (P = 0.546 and P = 0.532; Table  2). However, serum 
gastrin levels were not statistically significant neither for 
metastatic and non-metastatic, low- or intermediate grade 
(G1 vs G2) nor treatment (ER vs SR) in gNEN-1 (P = 0.777, 
P = 0.049, P = 0.749).Ta
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Table 3 Therapeutic strategies.

gNEN ERa SR SSA CTx PRRT

gNEN-1, n 154 13 3 0 1
gNEN-3, n 9 21 5 8 15
gNEN-4, n 9 21 4 30 0
Total, n 172 55 12 38 16

gNEN gastric neuroendocrine neoplasia according to Klöppel et al. (2007).
aColumn includes diagnostic interventions without resective intention in 
gNEN-3 and gNEN-4.
CTx, chemotherapy; EMR, endoscopic mucosa resection; ER, endoscopic 
resection (including EMR and ESD); ESD, endoscopic submucosa 
dissection; gNEN, gastric neuroendocrine neoplasia; n, number, (all 
interventions summarized, cumulative figures); PRRT, peptide receptor 
radionuclide therapy; SR, surgical resection; SSA, somatostatin analogues.
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In total, 36 of 142 patients (25.4%) died during 
follow-up. In 20 of 26 cases (77%) with known cause 
of death, death was NEN related. Seven patients with 
gNEN-1 (8%) died during follow-up, but only one death 
was NEN related (liver failure due to extensive hepatic 
metastasis, 1.2%).

Survival analysis

Total mean OS (any cause of death) for all patients was 
14.216  years (s.e.m. 0.935; CI 12.283–16.049). Mean OS 
differed statistically significant between all gNEN-types as 

presented in Fig. 3 (gNEN-1 vs gNEN-3: P < 0.001; gNEN-1 
vs gNEN-4: P < 0.001; gNEN-3 vs gNEN-4: P = 0.019).  
In 128 patients of 142 (90.1%), the updated UICC 2017 
tumour staging system was available (stage I: n = 75,  
stage II/III: n = 25 and stage IV: n = 28); due to few numbers 
stages II and III were analysed combined for OS as shown 
in Fig.  4A. Mean OS differed statistically significant 
between all stages (I vs III: P = 0.001; I vs IV: P < 0.001;  
II/III vs IV: P = 0.002).

Outcome according to maximum Ki-67-labelling 
index-based grading of the WHO (2010) grading system 
was analysed in 119 of 142 patients (83.8%). Mean 
OS differed statistically significant between all grades  
(G1 vs G2: P = 0.044; G1 vs G3: P < 0.001; G2 vs G3: 
P < 0.001; Fig. 4B).

Because outcome appeared to be almost unlimited 
for gNEN-1 alternative endpoints other than OS for 
characterizing long-term outcome were studied. In 43 of 
82 patients with gNEN-1 (52.4%) evidence of persistence 
(EP) was confirmed by endoscopic and histopathological 
follow-up; calculated mean TTEP was 7.56 years (Fig. 5A). 
In addition, for only 15 of 82 patients (18.3%), a disease 
progression (PD) was documented and a mean TTPD of 
13.83 years was calculated (Fig. 5B).

Cox regression analysis of the whole cohort 
for survival

The typification of gNEN according to Klöppel et  al. 
was shown to be a strong independent predictor of 
outcome for both overall as well as NEN-related survival 
with increased hazard ratios for death depending on 
typing and grading (Table 5). Grading proved to be an 
independent predictor of outcome with a significantly 
increased risk for overall death in G3 and for NEN-
related survival in G2 as well as G3 compared to NET-
G1 as well. Similarly, the UICC 2017 staging system 
demonstrated an increased risk of death for advanced 
stages (Table 5).

Cox regression analysis of gNEN-1 for 
secondary endpoints

The multivariate analysis (age- and gender-adjusted 
model) showed a higher hazard of EP if polyps were 
multiple (P = 0.016) or in case of more than five polyps 
(P = 0.001). The amount of more than five polyps at ID 
was associated with a 3.4-fold increased risk (P = 0.045) 
for PD underlining the chronic condition of CAG and the 
necessity of endoscopic surveillance.

Table 4 Clinicopathological characteristics of patients with 
gNEN-1 according to resective treatment strategy.

Resective 
treatment 
strategy

ER, n (%)

SR, n (%)
 

Overall, n (%)ER (any) EMR/ESD

gNEN-1, n (%) 76 (88.4) 20 (23.3) 10 (11.6) 86 (100)
Sex 
 Female 53 12 5 58 (67.4)
 Male 23 8 5 28 (32.6)
Endoscopic findings
 Gastric 

locations of 
polyps 

69 19 11 80 (100)

  Corpus 57 14 10 67 (83.75)
  Fundus 11 4 1 12 (15)
  Cardia 1 1 0 1 (1.25)
 Number of 

polyps
66 17 9 75 (100)

  Singular 20 5 5 25 (33.3)
  Multiple 46 12 4 50 (66.7)
  <5 32 9 6 38 (74.5)
  >5 13 3 0 13 (25.5)
 Size of polyps 46 14 9 55 (100)
  <2 cm 42 12 4 46 (83.6)
  >2 cm 4 2 5 9 (16.4)
Grading (WHO 

2010)
64 19 7 71 (100)

 G1 51 15 5 56 (78.9)
 G2 13 4 2 15 (21.1)
 G3 0 0 0 0
 Grad n.k. 12 1 3 15
Staging (UICC 

2017), clinicala
68 19 8 76 (100)

 Stage I 58 11 3 61 (80.3)
 Stage II 9 8 3 12 (15.8)
 Stage III 0 0 1 1 (1.3)
 Stage IV 1 0 1 2 (2.6)
 Stage n.k. 8 1 2 10

G1 Ki-67-index ≤2%; G2 Ki-67-index 3-20%; G3 Ki-67-index >20% 
according to Grading WHO 2010; specifications in % are given in reference 
to available information.
aAt initial diagnosis.
EMR, endoscopic mucosa resection; ER, endoscopic resection (including 
snare resection and EMR/ESD); ESD, endoscopic submucosa dissection; 
n.k., not known; SR, surgical resection.
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Discussion

This single-centre study presents a large clinical cohort of 
gNEN and describes the three most important independent 
prognostic parameters: pathophysiological typification 
including highly malignant grade 3 (gNEC, gNEN-4 
type), WHO grading according to Ki67-proliferative index 
and UICC staging. Furthermore, on detailed analysis 
of the mostly indolent gNEN-1 subgroup (i.e. so-called 
ECLomas), we demonstrate both, excellent long-term 
outcome but also the slowly progressive nature due to the 
underlying condition of CAG ultimately leading to disease 
persistence as well as progression and even metastasis 
and death. Therefore, these results are a strong indicator 
that lifelong follow-up is warranted as recommended by 
current guidelines and that long-term outcome of gNEN-1 
is excellent if appropriate classification and treatment 
stratification are applied.

In our clinical cohort, the recorded baseline data were 
comparable to figures reported in the literature (La Rosa 
et  al. 2011, Saund et  al. 2011, Thomas et  al. 2013, Kim 
et al. 2016, Liang et al. 2016, Shen et al. 2016, Chung et al. 
2018, Vanoli et  al. 2018, Yang et  al. 2018). Our analysis 

demonstrated that the pathophysiological typification 
initially proposed by Klöppel et al., the UICC 2017 TNM 
staging and the WHO 2010 grading classifications are of 
great prognostic relevance in gNEN (Klöppel et  al. 2007, 
Bosman et al. 2010, Delle Fave et al. 2016, Gospodarowicz 
et  al. 2017). Of note, the vast majority of gNEN with 
elevated serum gastrin levels were in fact gNEN-1 (Tables 1 
and 2) significantly associated with CAG and thus also 
associated with better outcome figures (see below). 
However, analyses did not show that elevated gastrin 
levels increased the risk for progressive disease in gNEN-1, 
while the amount of polyps did by 3.5-fold (Table 5). The 
pathophysiological typification according to Klöppel et al. 
showed a strong significant difference in OS of all types 
(Fig. 3). In addition, patients with gNEN-3 as compared to 
gNEN-4 can be stratified according to their considerably 
lower risk of death (Table 5).

Our data show that the Ki-67-labelling index is 
correlated reciprocally with prognosis in gNEN like it is 
for upper GEP-NEN (Pape et al. 2008b). The majority of 
gNEN-1 had G1; G2 grades were on the lower edge of 
the scale (Fig. 2), while no G3 was found, alike to others 
(Campana et  al. 2016). The Ki67 index-based grading 

Figure 1
Sequences of resection strategy in patients with gNEN-1. Sequences of resection strategy in patients with gNEN-1. EMR, endoscopic mucosa resection; 
ESD, endoscopic submucosa dissection.

Figure 2
Ki-67-index in patients with gNEN-1. First available 
Ki-67 index in patients with gNEN-1 according to 
the WHO grading system 2010 (Bosman et al. 
2010): G1 Ki-67 <3%; G2 >3–20%; G3 >20%.

https://doi.org/10.1530/ERC-18-0582
https://erc.bioscientifica.com © 2019 The authors

Printed in Great Britain
Published by Bioscientifica Ltd.

This work is licensed under a Creative Commons 
Attribution 4.0 International License.

https://doi.org/10.1530/ERC-18-0582
https://erc.bioscientifica.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


758S Felder et al. Gastric neuroendocrine 
neoplasias

26:9Endocrine-Related 
Cancer

showed a statistically significant difference in OS between 
all grades (Fig. 4B and Table 5A, B).

Further analysis revealed that UICC 2017 staging 
statistically separated stage IV from all other stages 
and indicated an increased relative risk of death. The 
combination of locally advanced and locoregionally 
progressed stages II and III showed likewise compared 
to stage I and stage IV a statistically different OS, that is 
a 13-fold risk of death in patients with stage IV disease 
(Fig. 4A and Table 5). These results are supported by prior 
findings implicating that size, invasiveness and disease 
spread have a significant impact on a poorer outcome 
(Rindi et al. 1999, Pape et al. 2008b, Saund et al. 2011). 
In our cohort statistically significant correlations between 
amount, size, Ki67 index and type were given (Table 2), but 
the relevance of the amount of infiltrated lymph nodes due 
to lack of specific data could not be evaluated; however, 
the predictive value for survival was shown recently (Pak 
et al. 2019). The major therapeutic approach in all gNEN 
was resection or systemic in advanced irresectable gNEN 
(Table 3). In gNEN-1, local resection was predominantly 
performed, while surgical resections as well as palliative 

Figure 3
Kaplan–Meier analysis of overall survival of patients with gNEN according 
to the refined typification (Klöppel et al. 2007). Kaplan–Meier analysis of 
overall survival (with endpoint any death cause) of patients with gNEN 
according to the classification proposed by Klöppel et al. (2007) (gNEN-1 
vs gNEN-3 vs gNEN-4). s.e.m., standard error of mean; CI, confidence 
interval; *one death reported without available survival time. Mean 
survival (years); SEM (CI 95%): gNEN-1: 18.713; 0.777 (17.195–20.241); 
gNEN-3: 9.118; 1.401 (6.372–11.863); gNEN-4: 5.316; 11.164 (3.035–7.596); 
overall: 14.216; 0.935 (12.383–16.049).

A

B

Figure 4
Kaplan–Meier analysis of overall survival of patients with gNEN according 
to the UICC 2017 staging and WHO 2010 grading system. (A) Kaplan–
Meier analysis of overall survival (with endpoint any death cause) of 
patients with gNEN depending on the regrouped UICC 2017 staging 
system, i.e. due to few cases patients with stages II and III were regrouped 
into stages II and III. s.e.m., standard error of mean; CI, confidence interval; 
*one death reported without available survival time. Mean survival 
(years); s,e,m, (CI 95%): Stage I: 18.633; 0.855 (16.987–20.338); stages II and 
III: 10.183; 1.371 (7.495–12.871); Stage IV: 4.283; 0.737 (2.839–5.727); 
overall: 14.297; 0.962 (12.412–16.182). (B) Kaplan–Meier analysis of overall 
survival of patients with gNEN according to the WHO 2010 grading system 
(Bosman et al. 2010). Kaplan–Meier analysis of overall survival (with 
endpoint any death cause) of patients with gNEN according to the WHO 
2010 grading system, i.e. clinical and first available Ki-67-index based 
grading; G1 Ki-67-index ≤2%; G2 Ki-67-index 3-20%; G3 Ki-67-index >20%. 
s.e.m., standard error of mean; CI, confidence interval; *one death 
reported without available survival time. Mean survival (years); s.e.m. (CI 
95%): G1: 18.194; 0.873 (16.484–19.904); G2: 11.740; 1.240 (9.310–14.141); 
G3: 5.468; 1.207 (3.102–7.833); overall: 14.105; 0.954 (12.235–15.975).
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approaches were more often conducted in sporadic 
gNEN (Fig. 1 and Tables 3, 4). In contrast, patients with 
sporadic gNEN had relatively advanced stages (61.3%: 
30/49) which explains the high rate of surgery as well as 

chemotherapy in this subgroup, because only in gNEN-3 
with low risk profile ESD might be a safe option (Kwon 
et  al. 2013). Regarding the treatment and survival of 
gNEN-4 (i.e. sporadic gNEC) our results are comparable 
to the literature on gNEC and GEP-NEC in general (Ishida 
et al. 2013, Xu et al. 2014, Heetfeld et al. 2015, Tang et al. 
2015, Liu et al. 2017). The type dependent 5- and 10-year 
OS rates of our cohort were as follows: gNEN-1 95.6% and 
86.9%, in gNEN-3 69.3.8% and 41.0% and in gNEN-4 
33.8% and 28.2% respectively.

The reported 5-year OS rates of gNEC are heterogenous 
with 35–48% (Ishida et al. 2013, Xu et al. 2014, Tang et al. 
2015). Unfortunately heuristic testing of various alternative 
Ki67-thresholds showed no benefits for stratification of 
patients at low- and mid-risk, but a 2.38-fold increased 
risk of death in gNEC with Ki67 index >57.5% was 
recently reported (Xie et  al. 2017). Hence, especially 
grading determines prognosis in gNEN supporting a type 
differentiation of gNEN-3 (gNET) from gNEN-4 (gNEC).

In gNEN-1 the evaluation of recurrence and progression 
remains difficult because of several methodological 
problems such as multiplicity, incomplete resection 
by forceps, observer bias and last but not least chronic 
proliferative stimulation in CAG by hypergastrinemia 
(Merola et  al. 2012). However, the excellent OS of 
gNEN-1 (Fig. 3) is comparable with cohorts treated more 
aggressively (Borch et al. 2005, Gladdy et al. 2009). Thus, 
our findings support the trend towards a more cautious 
approach in low-risk gNEN-1 (<1 cm, <5 lesions, G1–G2) 
with ER and annual surveillance (Ruszniewski et al. 2006, 
Delle Fave et al. 2016).

Otherwise our findings refuse any oversimplification 
of gNEN-1 (Rappel et al. 1995, Ravizza et al. 2007). At least 
a concise diagnostic work- and follow-up is warranted to 
identify the individual risk profile (Ichikawa et al. 2003, 
Ruszniewski et al. 2006, Chen et al. 2012, Kim et al. 2014). 
Our data state a 3.4-fold increased risk of progression in 
patients with more than five gNEN-1 lesions, but probably 
due to stringent surveillance without consequences for 
long-term survival.

Surgery is controversially discussed regarding gNEN-1.  
Multiplicity and recurrence after resection have been 
assumed to justify even antrectomy in gNEN-1 in the past 
(Gladdy et al. 2009). However, in our gNEN-1 cohort surgery 
was only applied in 11.6% with no deleterious results in 
long-term survival suggesting a less invasive strategy to be 
sufficient in most gNEN-1. Independent from gNEN type 
a gastrectomy has been recommended in large (>2 cm), 
deeply infiltrating G2 tumours and widespread lesions 
or in the case of recurrence despite prior ER, EMR/ESD 

A

B

Figure 5
Kaplan–Meier analysis of secondary endpoints. (A) Time to evidence of 
persistence (TTEP) of patients with gNEN-1; EP, Evidence of Persistence 
defined as endoscopic and histopathologic rediscovery of gNEN-1 polyps 
during follow-up. s.e.m., standard error of mean; CI, confidence interval. 
Mean TTEP (years); s.e.m. (CI 95%): gNEN-1: 7.56; 1.098 (5.416–9.72). (B) 
Time to progressive disease (TTPD) in patients with gNEN-1; PD, 
progressive disease defined as transformation of histopathological grade 
(WHO 2010) and/or increased clinicopathological staging (pTNM/cTNM) 
during follow-up. s.e.m., standard error of mean; CI, confidence interval. 
Mean TTPD (years); SEM (CI 95%): gNEN-1:13.83; 1.75 (10.38–17.28).
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or local SR, and in some cases of metastasis (Ruszniewski 
et al. 2006, Kaltsas et al. 2014, Delle Fave et al. 2016). Our 
data support this more invasive approach due to a six-
fold increased risk for NEN-related death in gNEN lesions 
bigger than 2 cm (Table 5).

Reports on metastasis rates in gNEN-1 are heterogenous: 
ranging from 4.8 to 19.2% (Sagatun et  al. 2016,  
Vanoli et al. 2018). In our cohort in six cases (7%) metastatic 
disease was detected in gNEN-1 (50% of such during 
follow-up, see Supplementary Table  2), while only one 
NEN-related death occurred. Both clinical constellations 
are extremely rare (Grozinsky-Glasberg et al. 2013). Both 
alternative endpoints for gNEN-1 indicate the chronic and 
potentially progressive clinical course of gNEN-1 requiring 
a long-term follow-up: in 50.7% PD occurred after a mean 
of 12 years but without consequence for disease-specific 
survival (Fig. 5). The persistence rate indicates the clinical 
chronicity of gNEN-1 with 44.5% at 5, 76.5% at 10 and 
82.4% at 15  years of follow-up in our cohort (Fig.  5A), 
similarly documented with a 63.6% mean recurrence 
rate (RR) after 8  months and a recurrence free survival 
of 24  months or even a RR of 18% in gNEN-1 (Merola 
et  al. 2012, Uygun et  al. 2014). These data demonstrate 
the possibility of excellent OS of gNEN-1 treated by local 
resection and endoscopic follow-up. Thus, surgery may 
only be justifiable in the very rare patients with advanced 
or even metastatic gNEN-1 (Kaltsas et al. 2014, Delle Fave 
et al. 2016).

Somatostatin analogues (SSAs) have not been used 
routinely in our cohort of gNEN-1 mainly due to lack 
of evidence for prolongation of lifetime, relatively high 
costs and thus an unclear cost-benefit ratio in gNEN-1. 
However, long-term outcome was extremely favourable 
for gNEN-1 justifying the watch-and-wait approach 
(Kulke et al. 2010) with mostly endoscopic management 
in contrary to antrectomy (Borch et  al. 2005, Guillem 
2005, Dakin et  al. 2006) or systemic antiproliferative 
SSA treatments (Grozinsky-Glasberg et al. 2008, Thomas 
et al. 2013, Massironi et al. 2015, Campana et al. 2016). 
However, in rare metastatic gNEN-1 with low Ki-67-
labelling index and proven SSTR2 expression (Delle Fave 
et  al. 2016), SSA can be considered as palliative option 
for symptom and growth control (Table  3). Promising 
alternatives for disease control might be Gastrin/CCK2 
Receptor antagonists (Netazepide) or mTOR inhibitors 
(Lohneis et al. 2014, Boyce & Thomsen 2015). So far, the 
presented data constrain that repeated local resections 
by short and mid-term endoscopic follow-up is a 
pragmatic and cost-effective approach which leads to a 
very good clinical outcome of gNEN-1, even in cases of 

Table 5 Cox regression analysis of overall and gNEN-related 
survival in all patients with gNEN and TTEP and TTPD of 
patients with gNEN-1.

Risk stratifiers Hazard ratio (CI 95%) P value

Overall survival
 Typing
  gNEN-1a

  gNEN-3 4.776 (1.720–13.257) 0.003
  gNEN-4 11.139 (4.076–30.439) <0.001
 Grading (WHO 2010), at ID
  G1a

  G2 1.764 (0.635–4.897) 0.276
  G3 4.881 (1.866–12.769) 0.001
 Grading (WHO 2010)b

  G1a

  G2 2.328 (0821–6.601) 0.112
  G3 7.417 (2.757–19.951) <0.001
 Staging (UICC 2017–regrouped)
  Stage Ia

  Stage II and III 4.447 (1.455–13.592) 0.009
  Stage IV 12.957 (4.489–37.399) <0.001
NEN-related survival
 Typing
  gNEN-1a

  gNEN-3 18.335 (2.116–155.164) 0.008
  gNEN-4 67.203 (8.013–563.632) <0.001
 Number of polyps
  Singulara vs multiple 0.118 (0.014–0.984) 0.048
 Size
  <2 cma vs >2 cm 6.202 (0.968–39.746) 0.054
 Ki-67-labelling index 1.017 (1.003–1.032) 0.02
 Grading (WHO 2010), at ID
  G1a

  G2 9.404 (1.121–78.890) 0.039
  G3 25.203 (3.044–208.664) 0.003
 Grading (WHO 2010)b

  G1a

  G2 9.459 (1.129–79.248) 0.038
  G3 37.728 (4.613–208.599) 0.001
TTEP
 Age, at ID 0.987 (0.962–1.011) 0.288
 Gender
  Femalea vs male 1.43 (0.747–2.738) 0.281
 Number of polyps
  Singulara vs multiple 2.524 (1.191–5.349) 0.016
 Number of polyps
  <5a vs >5 3.725 (1.716–8.089) 0.001
TTPD
 Age, at ID 0.973 (0.931–1.018) 0.234
 Gender
  Femalea vs male 2.628 (0.925–7.47) 0.07
 Number of polyps
  Singulara vs multiple 1.387 (0.414–4.646) 0.596
  <5a vs. >5 3.541 (1.031–12.161) 0.045

gNEN gastric neuroendocrine neoplasia according to Klöppel et al. (2007); 
G1 Ki-67-index ≤2%; G2 Ki-67-index 3-20%; G3 Ki-67-index >20% 
according to grading system of WHO 2010.
bGrading with first available Ki-67-labelling index; staging according to 
UICC 2017; TTEP, time to evidence of persistence; TTPD, time to 
progressive disease; areference variable; CI confidence interval; P value 
<0.05 considered statistically significant; significances and related hazards 
presented in bold, an age- and gender-adjusted model was applied.
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recurrence or progression due to ongoing HG caused by 
CAG. However, follow-up intervals are part of ongoing 
controversy, probably because of inconsistent reports on 
the adenocancerogenic potential of CAG and intestinal 
metaplasia itself (Chen et al. 2015, Lahner et al. 2015, Xie 
et al. 2017). Neither adenocarcinoma nor a life-threatening 
progression of gNEN-1 was documented during follow-up 
in our cohort. Thus, stringent surveillance is mandatory 
in gNEN-1 due to the risk of progressive disease and 
metastases, which while unlikely to occur, have grave 
consequences if missed.

Limitations

The results of our study may not be generalized due to 
some limitations such as immanent selection bias of 
retrospective analysis as well as specific definitions or 
alternative endpoints, which will limit the degree of 
comparability with other studies. Furthermore, a referral 
bias to our ENETS Centre of Excellence leading to more 
advanced patients with a poorer prognosis can be assumed 
(Pape et al. 2008a). In addition, limited histopathological 
information was rated as a random limitation due 
to histopathological diagnoses made in external 
institutions. Tumour tissue for additional Ki-67-labelling 
was unavailable because of biopsy specimen or lack of 
availability from the allocating institution. Moreover, the 
treatment with forceps often implicates a resection effort 
but not necessarily the R0-result in the context of gNEN-1 
(because of multiplicity or stealth submucosal invasion), 
challenging the oncologic concept of recurrence in this 
kind of neoplasia.

Conclusion

In summary, our data demonstrate that the typification 
proposed by Klöppel et al. (2007), the new UICC (2017) 
classification system for histopathological and clinical 
staging and the WHO grading system (2010) are valid for 
risk stratification of gNEN in routine patient management. 
While the course of gNEN-1 is mostly benign with rare 
low risk of metastasis and death, the prognosis of sporadic 
gNEN can be successfully stratified by refined Ki67-
labelling index-based typing.
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This is linked to the online version of the paper at https://doi.org/10.1530/
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