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Abstract
Duodenal neuroendocrine tumors (Duo-NETs) may arise in the ampullary and non-ampullary duodenum. Non-functioning 
Duo-NETs (NF-Duo-NETs), which account for most cases, may express various hormones. Previous studies have sug-
gested that hormone production might be associated with biological aggressiveness. Current treatment protocols are 
based on functionality, tumor size, and location, but small NF-Duo-NETs may also have metastatic potential. We aimed 
to investigate whether tumor cell subtyping, based on hormone expression, could provide further insights into NF-Duo-
NET biological behavior. We analyzed the clinico-pathological correlates of hormone expression in a multicenter series 
of 151 NF-Duo-NETs, subdividing tumors into five subtypes: gastrin-producing G-cell NETs (Gas-NETs), somatostatin-
producing D-cell NETs (Som-NETs), serotonin-producing enterochromaffin-cell NETs (Ser-NETs), plurihormonal NETs, 
and gastrin-, somatostatin-, and serotonin-negative NETs (GSSN-NETs). Som-NETs were the most frequent (31%), 
followed by plurihormonal NETs (26%), Gas-NETs (24%), GSSN-NETs (13%), and Ser-NETs (4%). Som-NETs and 
GSSN-NETs were more commonly located in the ampullary region and showed significantly larger size, more frequent 
lymphatic and/or vascular invasion, and higher pT, pN, and American Joint Committee on Cancer (AJCC-9th edition) 
stages compared to Gas-NETs, which were often (77%) diagnosed at AJCC stage I. Ampullary Som-NETs showed a 
more invasive and metastatic potential compared to non-ampullary Som-NETs, while, among plurihormonal NETs, the 
predominantly expressed hormone influenced tumor biological features, with gastrin-predominant NETs showing less 
invasive potential. At logistic regression, both tumor cell subtype and tumor size were independently associated with 
aggressiveness (pT3, pN1, or pM1 stage at diagnosis). Hormonal expression profiling may be clinically relevant in NF-
Duo-NETs, independently of tumor size.
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Introduction

Duodenal neuroendocrine neoplasms (Duo-NENs) are very 
rare, comprising only 3% of all duodenal tumors and 4–5% 
of all digestive NENs [1, 2], although their incidence has 
increased in recent decades [3].

Duo-NENs represent a heterogeneous group of 
neoplasms, which include epithelial neoplasms (i.e. 

well-differentiated neuroendocrine tumors (NETs), poorly 
differentiated neuroendocrine carcinomas (NECs), and 
mixed neuroendocrine-non-neuroendocrine neoplasms 
(MiNENs)), non-epithelial neoplasms (i.e., paraganglio-
mas), and epithelial-neuronal neoplasms (i.e., composite 
gangliocytoma/neuroma and neuroendocrine tumors (CoG-
NET) [4, 5].

Duodenal neuroendocrine tumors (Duo-NETs) can arise 
in the non-ampullary duodenum or the regions of the major 
and minor papilla/ampulla [6]. These tumors may be spo-
radic or associated with hereditary cancer predisposition Extended author information available on the last page of the article
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syndromes, such as multiple endocrine neoplasia type 1 
(MEN1) and neurofibromatosis type 1 (NF1). Duo-NETs 
can be classified clinically as functioning or non-func-
tioning tumors. Functioning tumors primarily include 
gastrinomas, which cause Zollinger-Ellison syndrome, 
serotonin-producing tumors associated with carcinoid syn-
drome, and NETs with ectopic hormone secretion, such as 
insulinomas, growth hormone-releasing hormone (GHRH)-
producing NETs causing acromegaly, and adrenocortico-
tropic hormone (ACTH)-producing NETs causing Cushing 
syndrome [7].

Non-functioning Duo-NETs (NF-Duo-NETs), which 
account for most (> 75%) Duo-NETs, are often discovered 
incidentally but may also cause mass effect-related symptoms. 
Functioning Duo-NETs tend to exhibit more aggressive bio-
logical behavior compared to non-functioning tumors [8]. 
As a result, functioning tumors typically undergo surgical 
resection, whereas non-functioning tumors may be treated 
with less invasive endoscopic resection [5, 9–11]. Current 
treatment protocols for NF-Duo-NETs primarily consider 
tumor size and location [12]. Tumors larger than 10–15 mm 
or those located in the ampullary region generally undergo 
surgical resection. However, even smaller NF-Duo-NETs can 
develop local nodal metastasis [5, 11]. Therefore, even tumors 
smaller than 1 cm should be further evaluated using additional 
parameters such as histologic grade and clinical staging via 
endoscopic ultrasound (EUS) to guide therapeutic decisions 
[12, 13].

In other sites/organs, such as the pituitary, NETs are 
often classified based on their cell lineage and hormone 
production [14]. In the rectum and appendix, it is now rec-
ognized that there are serotonin-producing enterochromaf-
fin (EC)-cell NETs and glucagon-related peptide-producing 
L-cell NETs, and that this distinction is clinically signifi-
cant, as L-cell NETs generally have better prognosis than 
EC-cell tumors [15, 16]. NF-Duo-NETs can show immu-
noreactivity for various hormones, with gastrin, somatosta-
tin, and serotonin being the three most frequently observed 
[7, 11, 17–21], while expression of other hormonal prod-
ucts, such as pancreatic polypeptide, calcitonin, insulin, 
and glucagon is less common. Gastrin is more frequently 
expressed in non-ampullary NETs, whereas somatostatin 
expression is more commonly seen in ampullary NETs [7, 
18, 19, 21]. Although NF-Duo-NETs have generally been 
grouped together without consideration of their potential 
distinctive features related to hormone expression, somato-
statin-expressing NF-Duo-NETs appear to be biologically 
more aggressive [5, 6].

The aim of the present study was to investigate whether 
tumor cell subtyping based on hormone expression can help 
to classify NF-Duo-NETs, providing further insights into their 
biological behavior.

Materials and Method

Study Population and Clinicopathological 
Characterization

A retrospective review of research databases and pathol-
ogy files from the Pathology Departments of IRCCS San 
Matteo Hospital of Pavia/University of Pavia, University 
Hospital of Verona, University Hospital of Padua, ASST 
Sette Laghi, Varese/University of Insubria, San Martino 
Hospital, Genoa/University of Genoa, IRCCS Humanitas 
Research Hospital/Humanitas University Hospital, Milan, 
IRCCS San Raffaele Hospital, Milan, ‘Istituto Nazionale 
dei Tumori’ Hospital, Milan, and Agostino Gemelli Uni-
versity Hospital, Rome, was conducted to identify Duo-
NENs. A total of 265 Duo-NENs (comprising 135 non-
ampullary NENs and 130 ampullary NENs) diagnosed 
between 1980 and 2024 were retrieved. After excluding 
NECs, MiNENs, CoGNETs, and functioning NETs, 181 
NF-Duo-NETs were selected. Thirty cases were excluded 
due to incomplete hormonal immunohistochemical pro-
files and the lack of available sections or paraffin blocks 
for additional immunostaining. A total of 151 NF-Duo-
NETs were included in the present study, the majority of 
which (n = 149) have already been included in previous 
investigations [5, 6, 11, 22]. These cases were reinves-
tigated for tumor cell subtyping and updated follow-up 
information. Fasting plasma gastrin levels were tested in 
95 patients at diagnosis and were below 150 pg/mL. As 
this is a multicenter retrospective study collection of labo-
ratory data was not standardized; of note all selected cases 
were specifically sent for pathology analysis with no claim 
of functionality, neither symptoms or increased hormone 
plasma levels.

Clinico-pathological variables, including patient age 
at diagnosis, sex, presence of genetic tumor syndromes, 
tumor site and size, and follow-up data were obtained from 
diagnostic reports, clinical charts, interviews with family 
doctors, and/or from research databases of previous stud-
ies [5, 11]. Tumor grade (based on mitotic count and Ki67 
proliferative index) according to the 2022 WHO Classi-
fication of Endocrine and Neuroendocrine Tumors [4], 
tumor necrosis, predominant architectural pattern (nested, 
trabecular, or tubular, according to the Soga and Tazawa 
classification) [22], presence of lymphatic and/or vascular 
invasion, presence of perineural invasion, extent of inva-
sion, as well as immunohistochemical expression of pan-
keratin, general neuroendocrine markers (synaptophysin 
and chromogranin A), gastrin, somatostatin, and serotonin, 
were assessed. Hormone expression was expressed as the 
percentage of positive tumor cells. NF-Duo-NETs were 
staged according to the AJCC Cancer Staging Manual, 
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9 th edition [23]. The technical details of immunohisto-
chemistry varied across institutions and over time. Immu-
nostains for gastrin, somatostatin, and serotonin, which 
were not included in previous investigations, were per-
formed as part of the present study. The hematoxylin and 
eosin (H&E)-stained slides and immunostains of all cases 
were reviewed by two pathologists (AV and NP), and in 
the event of discrepancies, a consensus was reached.

The study was conducted in accordance with the clinical 
standards set out in the 1975 Declaration of Helsinki and its 
revision in 1983 and was approved by the Ethical Committee 
of Pavia (No. 20210027824).

Tumor Cell Subtyping

NF-Duo-NETs were classified based on the immunohisto-
chemical expression of gastrin, somatostatin, and serotonin, 
using previously adopted definitions [9, 24], with slight 
modifications to homogenize the criteria among the various 
groups, as follows:

i)	 Gastrin-producing G-cell NETs (Gas-NETs): NETs 
composed exclusively or predominantly (> 50% of 
tumor cells) of gastrin-producing cells, with other hor-
mones expressed in minor cell populations (< 5% of 
tumor cells).

ii)	 Somatostatin-producing D-cell NETs (Som-NETs): 
NETs composed exclusively or predominantly (> 50% of 
tumor cells) of somatostatin-producing cells, with other 
hormones expressed in minor cell populations (< 5% of 
tumor cells).

iii)	 Serotonin-producing EC-cell NETs (Ser-NETs): NETs 
composed exclusively or predominantly (> 50% of 
tumor cells) of serotonin-producing cells, with other 
hormones expressed in minor cell populations (< 5% of 
tumor cells).

iv)	 Plurihormonal NETs: NETs expressing at least two hor-
mones (in any percentage of tumor cells), but not meet-
ing the criteria for gastrin cell tumors, somatostatin cell 
tumors, or serotonin-producing tumors.

v)	 Gastrin-, somatostatin-, and serotonin-negative NETs 
(GSSN-NETs): NETs that lack immunoreactivity for 
gastrin, somatostatin, and serotonin. When additional 
sections were available, such GSSN-NETs were also 
tested for glucagon, insulin, and pancreatic polypeptide.

Statistical Analysis

Data were described with the median and 25 th-75 th per-
centile if continuous and as counts and percent if categori-
cal. They were compared between tumor cell subtypes by 
means of the Kruskal Wallis test and the likelihood ratio 
Chi squared test. Kaplan Meier survival curves were plotted, 

and the log rank test was used to compare survival across 
subtypes. The 5-year cumulative survival and 95% confi-
dence interval (95% CI) was reported for each subtype. The 
median follow-up and 25 th-75 th percentile were computed 
with the reverse Kaplan Meier method. The independent 
association of tumor subtype and tumor size with an aggres-
sive tumor, defined as a pT3, pN1 or pM1 stage at diagnosis, 
was assessed using a logistic model. Odds ratios (OR) and 
95% CI were computed. The interaction of tumor subtype 
and size was tested and excluded. The model area under 
the ROC curve (AUC ROC) was computed for discrimina-
tion. All analyses were performed using the Stata software 
(release 18.5, StataCorp, College Station, TX, USA). A 
2-sided p-value was considered statistically significant. For 
post-hoc comparisons, the Bonferroni adjusted p-value was 
computed to 0.0025.

Results

The present study included 151 cases of NF-Duo-NETs. 
Their clinicopathological features are summarized in Sup-
plementary Table  1. Surgical resection was performed 
in 70 cases, while 81 NF-Duo-NETs were removed 
endoscopically.

Hormonally‑Defined Tumor Subtypes

Most NF-Duo-NETs were classified as Som-NETs (31%, 
Fig. 1), followed by plurihormonal NETs (26%, Fig. 2) and 
Gas-NETs (24%, Fig. 1). GSSN-NETs (13%, Fig. 3) and 
Ser-NETs (4%, Fig. 1) were rarer. Eleven out of 20 GSSN-
NETs were also tested for glucagon, insulin, and pancreatic 
polypeptide and proved to be negative. As shown in Table 1, 
plurihormonal NETs most frequently expressed gastrin 
(82.5%), followed by somatostatin (80%). In addition, gas-
trin was the predominant hormone in 55% of such tumors. 
The most common combination was gastrin-somatostatin 
(40%), while combined serotonin-somatostatin expression 
was seen in only 7 cases (17%). Nine plurihormonal NETs 
(22%) were positive for all three hormones. All tumors were 
diffusely positive for pan-keratin and synaptophysin. Most 
NF-Duo-NETs (89%) diffusely expressed chromogranin A, 
while 16 cases, including 8 Som-NETs (17%), 3 GSSN-
NETs (15%), 3 Gas-NETs (8%) and 2 plurihormonal tumors 
(5%), showed only focal expression of chromogranin A.

Clinico‑Pathologic Features of the Tumor Cell 
Subtypes

Clinicopathological data of each individual tumor cell 
subtype are listed in Table  2. Patients diagnosed with 
Som-NETs were significantly younger than those with 
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plurihormonal tumors, with a median age at diagnosis of 
58 years and 65.5 years, respectively (p = 0.001). Five out 
of 47 (11%) Som-NETs were associated with NF1, while 
2 out of 40 (5%) plurihormonal tumors arose in patients 
with genetic tumor syndromes, including one somatostatin-
predominant plurihormonal NET in a NF1 patient and one 
gastrin-predominant plurihormonal NET in a MEN1 patient. 
Som-NETs and Gas-NETs were slightly more frequent in 
males while Ser-NETs and GSSN-NETs were more com-
mon in females; however, the difference was not statisti-
cally significant. Most Gas-NETs (78%) and plurihormonal 
NETs (60.5%) were endoscopically resected, whereas most 
Som-NETs (60%), Ser-NETs (67%), and GSSN-NETs (75%) 
underwent surgical resection.

Tumor cell subtypes showed marked differences in terms 
of location (p < 0.001). Gas-NETs arose almost exclusively 
(89%) in the first part of the duodenum, while Som-NETs 
(79%) and GSSN-NETs (60%) were mostly ampullary. Ser-
NETs and plurihormonal tumors were more widely distrib-
uted across the duodenum.

The median size of Som-NETs (17 mm) and GSSN-NETs 
(15 mm) was significantly higher than Gas-NETs (6 mm) [p 
< 0.0001 and p = 0.0018, respectively]; the median size of 
plurihormonal (7.5 mm) and Ser-NETs (13 mm) was inter-
mediate. Histologically, most (64%) Som-NETs exhibited a 
predominant tubular architecture, while Gas-NETs (76%), 
plurihormonal NETs (60%), and GSSN-NETs (55%) were 
mainly trabecular. Most tumors in all five subtypes were 
grade 1 and no grade 3 cases were identified. Although 
Som-NETs, Ser-NETs and GSSN-NETs showed a slightly 

higher proportion of grade 2 neoplasms in comparison with 
Gas-NETs and plurihormonal NETs, the difference was not 
statistically significant (Table 2). Tumor necrosis was absent 
in all cases.

Lymphatic and/or vascular invasion was significantly 
more often seen in Som-NETs (62%) and GSSN-NETs 
(65%) in comparison with Gas-NETs (11%) [p < 0.001]. 
Perineural invasion was slightly more common in Som-
NETs (17%) and GSSN-NETs (20%), although the differ-
ence was not statistically significant. Invasion beyond the 
submucosa was more frequent in Som-NETs (55%) com-
pared to Gas-NETs (19%) [p = 0.001]. In addition, it was 
also common in GSSN-NETs (60%) and Ser-NETs (57%), 
but rare in plurihormonal NETs (25%), without reaching 
statistical significance.

Som-NETs and GSSN-NETs showed significantly higher 
pT stage compared to Gas-NETs (p < 0.001 and p = 0.002, 
respectively). Specifically, 71% of Gas-NETs were pT1, 
compared to only 26% of both Som-NETs and GSSN-NETs. 
Plurihormonal NETs and Ser-NETs showed intermediate 
pT stage distribution. The same tendency was observed 
regarding local nodal metastasis (pN). Namely, lymph node 
metastases (pN1) were found in 50%, 49%, 28.5%, 22.5%, 
and 16% of GSSN-NETs, Som-NETs, Ser-NETs, plurihor-
monal NETs and Gas-NETs, respectively. Although distant 
metastasis at diagnosis was more frequent in GSSN-NETs 
(25%) in comparison with Som-NETs (9%), Gas-NETs (5%), 
plurihormonal NETs (7.5%), and Ser-NETs (0%), the dif-
ferences were not statistically significant. The distribution 
of tumor stages (AJCC 9 th Edition) across subtypes was 

Fig. 1   Histological images of a Gas-NET, a Som-NET, and a Ser-
NET. A-B) Gas-NET showing a trabecular architecture and diffuse 
positivity for gastrin (A, hematoxylin–eosin; B, gastrin immunostain-
ing). C-D) Som-NET featuring a tubular architecture and extensive 

positivity for somatostatin (C, hematoxylin–eosin; D, somatostatin 
immunostaining). E–F) Ser-NET exhibiting a nested structure and 
diffuse positivity for serotonin (E, hematoxylin–eosin; F, serotonin 
immunostaining)
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significantly different (p = 0.003); post-hoc comparisons 
showed that Som-NETs and GSSN-NETs were diagnosed 
at a significantly higher stage compared to Gas-NETs. Spe-
cifically, only 32% and 24% of Som-NETs and GSSN-NETs, 
respectively, were diagnosed at stage I compared to 77% of 
Gas-NETs. Specifically, 77% of Gas-NETs were diagnosed 
at stage I, compared to only 32% and 24% of Som-NETs and 
GSSN-NETs, respectively.

At logistic regression, tumor cell subtype and tumor size 
were independently associated with an aggressive tumor 
(Fig. 4), with an increased likelihood of aggressiveness for 
Som-NETs, Ser-NETs and GSSN-NETs compared to Gas-
NETS, together with an increased likelihood of aggressive-
ness for tumor size > 10 mm.

Compared to non-ampullary Som-NETs (n = 10), amp-
ullary Som-NETs (n = 37) exhibited significantly higher 
proportions of cases with predominant tubular architecture, 
lymphatic and/or vascular invasion, grade 2, and tumor size 
> 10 mm (Table 3). In addition, pT2 and pT3 stages and 

lymph node metastases were more common in ampullary 
Som-NETs.

Among plurihormonal NETs, somatostatin-predominant 
NETs (n = 17) showed a significantly more frequent loca-
tion in ampullary regions, a significantly higher proportion 
of cases with tumor size > 10 mm, predominant tubular 
architecture, lymphatic and/or vascular invasion, perineural 
invasion and invasion beyond the submucosa, as well as a 
higher pT stage and AJCC stage at diagnosis, compared to 
gastrin-predominant plurihormonal NETs (n = 22) (Table 4).

Survival Analysis by Tumor Cell Subtype

Thirteen patients were lost to follow-up while the median 
follow-up time of the whole series was 106 months (25 th-75 
th: 51–172). Although the overall survival analysis showed 
no statistical significance among all five groups (p = 0.563, 
Fig. 5), the 9-year overall survival was 38% (95% CI: 9–67) 
for patients with GSSN-NETs, in comparison with 83% (95% 

Fig. 2   Histological images of a plurihormonal non-functioning duo-
denal neuroendocrine tumor. The tumor shows trabecular architecture 
(A, hematoxylin–eosin). The neoplasm exhibits expression of both 
gastrin (in most tumor cells; B, gastrin immunostaining), and sero-

tonin (in 5–10% of tumor cells; C, serotonin immunostaining). Rare 
somatostatin-positive cells are also seen (D, somatostatin immu-
nostaining)
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CI: 68–92), 78% (95% CI: 57–90), 73% (95% CI: 53–86), and 
67% (95% CI: 19–90), for patients with Som-NETs, Gas-
NETs, plurihormonal NETs and Ser-NETs, respectively.

Discussion

Our study analyzed a large series of 151 NF-Duo-NETs 
based on their hormone expression. Among NF-Duo-NETs, 
Som-NETs are the most frequent accounting for 31% of all 
cases, followed by plurihormonal tumors (26%) and Gas-
NETs (24%). Several significant clinico-pathological cor-
relates of the different hormone profiles emerged. Specifi-
cally, Som-NETs and GSSN-NETs showed morphological 
features associated with biological aggressiveness (higher 
rates of lymphatic and vascular invasion and higher pT, pN, 
and AJCC stage). On the other hand, Gas-NETs were usu-
ally small tumors and were frequently diagnosed at stage I. 
Such behavioral differences did not appear to be associated 
with tumor grade, as in our study most NF-Duo-NETs were 
grade 1 and there was no difference in tumor grade distribu-
tion across subtypes.

The relatively more aggressive features of Som-
NETs were also seen in other luminal GI sites, such as 
in the rectum, where, however, they are reported to be 
much rarer (2%) [25]. It is important to emphasize that 

Fig. 3   Histological images of a gastrin-, somatostatin-, and seroto-
nin-negative neuroendocrine tumor (GSSN-NET) of the ampullary 
region. The low-power view (A) highlights a local lymph node metas-
tasis (arrowhead) and infiltration of pancreatic parenchyma (arrow) 
(A, hematoxylin–eosin). The tumor shows a well-differentiated neu-
roendocrine morphology with a predominantly trabecular architec-
ture (B), minor areas with a nested pattern and occasional nuclear 

pleomorphism (B-C, hematoxylin–eosin). The neoplasm shows dif-
fuse expression of synaptophysin (not shown) and focal positivity for 
chromogranin A (D, chromogranin A immunostaining). Tumor cells 
are negative for serotonin (E, serotonin immunostaining), gastrin (F, 
gastrin immunostaining) and somatostatin (G, somatostatin immu-
nostaining), with positive internal controls in the duodenal mucosa

Table 1   Hormone expression in plurihormonal nonfunctioning duo-
denal neuroendocrine tumors

Plurihormonal neuroendocrine tumors n = 40

Hormone expression (in any percentage of tumor cells)
Gastrin expression, N (%) 33 (82.5)
Somatostatin expression, N (%) 32 (80)
Serotonin expression, N (%) 24 (60)
Predominantly expressed hormone
Gastrin, N (%) 22 (55)
Somatostatin, N (%) 17 (42.5)
Serotonin, N (%) 1 (2.5)
Hormone combinations
Gastrin +/somatostatin +/serotonin-, N (%) 16 (40)
Gastrin +/somatostatin-/serotonin +, N (%) 8 (20)
Gastrin-/somatostatin +/serotonin +, N (%) 7 (17.5)
Gastrin +/somatostatin +/serotonin +, N (%) 9 (22.5)
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Table 2   Clinico-pathologic features of the five tumor cell subtypes of non-functioning duodenal neuroendocrine tumors

Gas-NETs (n 
= 37)

Som-NETs (n 
= 47)

Ser-NETs (n 
= 7)

Plurihormonal 
NETs (n = 40)

GSSN-NETs (n 
= 20)

Overall p value Significant post-
hoc compari-
sons*

Age at diagno-
sis, median 
(25 th-75 th), 
years

66 (52–73) 58 (45–65) 66 (48–70) 65.5 (55–74) 61 (50–70) 0.0278 Som-NETs vs 
plurihormo-
nal NETs (p 
= 0.0012)

Patient sex 0.244
Female, N (%) 13 (35) 21 (45) 5 (71) 20 (50) 12 (60)
Male, N (%) 24 (65) 26 (55) 2 (29) 20 (50) 8 (40)
Genetic tumor 

syndrome
0.063

Yes, N (%) 0 5 (11) 0 2 (5) 0
No, N (%) 37 (100) 42 (89) 7 (100) 38 (95) 20 (100)
Tumor site  < 0.001 Som-NETs vs 

Gas-NETs (p 
< 0.001);

Som-NETs vs 
plurihormo-
nal NETs (p 
< 0.001);

GSSN-NETs vs 
Gas-NETs (p 
< 0.001);

Plurihormo-
nal NETs vs 
Gas-NETs (p 
= 0.001)

Duodenum I, 
N (%)

33 (89) 5 (10.5) 3 (43) 19 (47.5) 6 (30)

Duodenum II 
(extra-ampul-
lary), N (%)

0 5 (10.5) 1 (14) 4 (10) 2 (10)

Duodenum III, 
N(%)

1 (3) 0 0 2 (5) 0

Ampulla of 
Vater, N(%)

3 (8) 31 (66) 2 (29) 11 (27.5) 10 (50)

Minor papilla/
ampulla, N 
(%)

0 6 (13) 1 (14) 4 (10) 2 (10)

Tumor size, 
median (25 
th-75 th), 
mm^

6 (3–10) 17 (7–25) 13 (2–18) 7.50 (4–18.5) 15 (9–20) 0.0012 Som-NETs vs 
Gas-NETs (p 
< 0.0001);

GSSN-NETs vs 
Gas-NETs (p 
= 0.0018)

Tumor size^ 0.004 Som-NETs vs 
Gas-NETs (p 
< 0.001)

 ≤ 10 mm, N 
(%)

28 (76) 16 (35) 3 (43) 23 (57.5) 9 (47)

 > 10 mm, N 
(%)

9 (24) 30 (65) 4 (57) 17 (42.5) 10 (53)

Predominant 
architectural 
pattern (Soga 
type)

 < 0.001 Som-NETs vs 
Gas-NETs (p 
< 0.001);

Som-NETs vs 
GSSN-NETs (p 
= 0.001);

Som-NETs vs 
plurihormo-
nal NETs (p 
< 0.001)

A (nested), N 
(%)

8 (21) 8 (17) 4 (57) 5 (12.5) 6 (30)

B (trabecular), 
N (%)

28 (76) 9 (19) 2 (29) 24 (60) 11 (55)

C (tubular), 
N(%)

1 (3) 30 (64) 1 (14) 11 (27.5) 3 (15)

Tumor grade 0.438
G1, N (%) 31 (84) 37 (79) 5 (71) 34 (85) 13 (65)
G2, N(%) 6 (16) 10 (21) 2 (29) 6 (15) 7 (35)
Lymphatic 

and/or vascu-
lar invasion

 < 0.001 Som-NETs vs 
Gas-NETs (p 
< 0.001);

GSSN-NETs vs 
Gas-NETs (p 
< 0.001)

Yes, N (%) 4 (11) 29 (62) 3 (43) 14 (35) 13 (65)
No, N (%) 33 (89) 18 (38) 4 (57) 26 (65) 7 (35)
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duodenal Som-NETs are heterogeneous neoplasms, with 
ampullary Som-NETs exhibiting larger tumor size and 
greater invasive and metastatic potential compared to 
non-ampullary duodenal Som-NETs, as previously sug-
gested by our group [5, 6]. Distinctive morphological 
features, such as frequent tubular architecture, and a 
characteristic immunoprofile (common MUC1 positivity 
and rare SSTR2 A expression, in addition to somatostatin 
expression and tumor location), help to identify ampul-
lary Som-NETs among NF-Duo-NETs. Another peculiar 
feature of such Som-NETs is the association with NF1 

found in about 10% of these patients [5, 6, 11]. Indeed, 
these tumors are the most common NETs associated 
with NF1. This syndromic association may contribute 
to the younger median age at diagnosis of patients with 
Som-NETs compared to those with plurihormonal NETs 
found in our study. Although in the literature duodenal 
Som-NETs are frequently called “somatostatinomas”, 
this is a misnomer as they are not associated with the 
somatostatinoma syndrome or elevated serum somatosta-
tin levels (i.e., they should be termed “non-functioning 
somatostatin-producing cell tumors”) [4, 5, 24, 26].

*For post-hoc comparisons, adjusted p-value for significance was 0.0025 (Bonferroni correction). AJCC: American Joint Committee on Can-
cer; Gas-NETs: gastrin-producing G cell neuroendocrine tumors; GSSN-NETs: gastrin-, somatostatin-, and serotonin-negative neuroendocrine 
tumors; NET: neuroendocrine tumor; Som-NETs: Ser-NETs: serotonin-producing EC cell neuroendocrine tumors; somatostatin-producing 
D-cell neuroendocrine tumors. †pT stage could not be assigned in 2 Gas-NETs, 1 Som-NET, 1 plurihormonal NET, and 1 GSSN-NET; ^tumor 
size could not be assigned in one Som-NET and one GSSN-NET; ◊AJCC stage could not be assigned in 7 Gas-NETs, 9 Som-NETs, 1 Ser-NET, 
9 plurihormonal NETs, and 3 GSSN-NETs

Table 2   (continued)

Gas-NETs (n 
= 37)

Som-NETs (n 
= 47)

Ser-NETs (n 
= 7)

Plurihormonal 
NETs (n = 40)

GSSN-NETs (n 
= 20)

Overall p value Significant post-
hoc compari-
sons*

Perineural 
invasion

0.187

Yes, N (%) 1 (3) 8 (17) 1 (3) 5 (12.5) 4 (20)

No, N (%) 36 (97) 39 (83) 6 (97) 35 (87.5) 16 (80)
Invasion 

beyond the 
submucosa

0.006 Som-NETs vs 
Gas-NETs (p 
= 0.001)

Yes, N (%) 7 (19) 26 (55) 4 (57) 10 (25) 12 (60)
No, N (%) 28 (76) 20 (43) 3 (43) 29 (72.5) 7 (35)
Undetermined, 

N (%)
2 (5) 1 (2) 0 1 (2.5) 1 (5)

pT stage † 0.001 Som-NETs vs 
Gas-NETs (p 
< 0.001);

GSSN-NETs vs 
Gas-NETs (p 
= 0.002)

pT1, N (%) 25 (71) 12 (26) 3 (43) 23 (59) 5 (26)
pT2, N (%) 8 (23) 17 (37) 1 (14) 10 (26) 7 (37)
pT3, N (%) 2 (6) 17 (37) 3 (43) 6 (15) 7 (37)

pN stage 0.001 Som-NETs vs 
Gas-NETs (p 
= 0.001);

GSSN-NETs vs 
Gas-NETs (p 
< 0.001)

pNx, N (%) 29 (78) 19 (40) 3 (43) 25 (60.5) 5 (25)
pN0, N (%) 2 (6) 5 (11) 2 (28.5) 6 (15) 5 (25)
pN1, N (%) 6 (16) 23 (49) 2 (28.5) 9 (22.5) 10 (50)

Distant metas-
tasis

0.163

Yes, N (%) 2 (5) 4 (9) 0 3 (7.5) 5 (25)
No, N (%) 35 (95) 43 (91) 7 (100) 37 (92.5) 15 (75)
AJCC stage, 

9 th edition ◊
0.003 Som-NETS vs 

Gas-NETs (p 
< 0.001);

GSSN-NETs vs 
Gas-NETs (p 
= 0.002)

Stage I, N (%) 23 (77) 12 (32) 3 (50) 21 (68) 4 (24)
Stage II, N (%) 1 (3) 1 (3) 0 1 (3) 1 (6)
Stage III, N (%) 4 (13) 21 (55) 3 (50) 6 (19) 7 (41)
Stage IV, N (%) 2 (7) 4 (10) 0 3 (10) 5 (29)
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One of our most interesting findings is the relatively 
high frequency (13%) of cases in which the neoplasm was 
negative for all three hormones tested (i.e., the GSSN-
NETs). Very few data concerning clinicopathological 
features of GSSN-NETs are described in the literature. 
In our study, GSSN-NETs frequently presented as deeply 
invasive and/or metastatic neoplasms. Whether such 
tumors express other hormones not tested in our study, 
or they represent a more immature lineage lacking any 
hormonal expression remains to be further investigated. 
Interestingly, Heymann et al. described a tendency to a 
worse prognosis of seven (11%) “unclassified” duodenal 

NETs, which were negative for gastrin, somatostatin, and 
serotonin, as well as for additional four hormones (cal-
citonin, GHRH, ACTH and vasoactive intestinal pep-
tide (VIP)) [20]. In the pituitary, NETs that show no 
evidence of adenohypophysial differentiation by immu-
nohistochemistry for pituitary hormones and the tran-
scription factors PIT1, SF1, and TPIT (i.e. the so-called 
“null cell tumors”), are considered high risk [4, 27]. The 
relevance of transcription factors seems to be limited in 
duodenal NET subtyping, as both Gas-NETs and Som-
NETs may express ISL1, PDX1 and rarely, CDX2, with 
substantial overlap among subtypes [28]. Nevertheless, 

Fig. 4   Forrest plot displaying OR (dots) and 95% CI (whiskers) esti-
mated from a logistic model for aggressive tumor as a function of 
tumor cell subtype and tumor size (mm). Model Chi2 138.44, p < 

0.001. Subtype: p < 0.001; Tumor size: p < 0.001. Model discrimina-
tion: AUC ROC = 0.85
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further studies including other transcription factors such 
as ARX, which may be expressed in duodenal NETs, 
are needed to understand the potential relevance of 
transcription factor expression in duodenal NETs [29, 
30]. Interestingly, both Som-NETs and GSSN-NETs are 
mostly located in the ampullary region and account for 
most of the ampullary NETs; this finding may partially 
contribute to explaining their relatively more aggressive 
behavior of ampullary NETs compared to non-ampullary 
Duo-NETs found in previous studies [31–34].

Ser-NETs were very rare in the ampullary/duodenal 
region (4% in our series), confirming findings from pre-
vious studies [7, 18], and limiting the significance of 
statistical analysis regarding their biological behavior, 
which seems however to be more aggressive compared to 
Gas-NETs. Duodenal Ser-NETs show similarities to their 
ileal counterparts as a nested insular architecture is also 

seen in the duodenal site. Furthermore, a little less than 
half of cases showed lymphatic and/or vascular invasion, 
and nodal metastases were observed in half of duodenal 
Ser-NETs with pathologically examined lymph nodes. 
These findings are similar to ileal Ser-NETs, which often 
show such features; however, in our duodenal case series, 
no distant metastases were observed (ileal Ser-NETs on 
the other hand show distant metastases in over 50% of 
cases) [35].

Duodenal/ampullary plurihormonal NETs have been 
somewhat overlooked in previous studies. However, 
they account for approximately one-quarter of all NF-
Duo-NETs. Although the clinicopathological features 
of plurihormonal NETs as a whole are intermediate 
between Gas-NETs, on one hand, and Som-NETs and 
GSSN-NETs, on the other hand, our findings indicate 
that gastrin-predominant plurihormonal NETs differ 

Table 3   Clinicopathological 
features of somatostatin-
producing D-cell NETs (Som-
NETs)

*Neurofibromatosis type 1 in all cases. ^tumor size and invasion data not available in one ampullary Som-
NET. §pT stage not evaluable in one ampullary Som-NET. °AJCC stage could not be assigned in 2 non-
ampullary Som-NETs and in 7 ampullary Som-NETs

Ampullary
Som-NETs (n = 37)

Non-ampullary
Som-NETs (n = 10)

p value

Age at diagnosis, median (25 th-75 th), years 57 (45–65) 58 (46–65) 0.640
Female gender, N (%) 15 (40) 6 (60) 0.273
Genetic tumor syndrome, N (%) 5 (13)* 0 0.110
Tumor size, median (25 th-75 th), mm 20 (11.5–25) 5 (3–25) 0.018
Tumor size > 10 mm, N (%) 27 (75)^ 3 (30) 0.009
Predominant architectural pattern (Soga type)  < 0.001
A 4 4
B 3 6
C 30 0
Tumor grade G2, N (%) 10 (27) 0 0.019
Lymphatic and/or vascular invasion, N (%) 27 (73) 2 (20) 0.002
Perineural invasion, N (%) 7 (19) 1 (10) 0.484
Invasion beyond the submucosa, N (%) 23 (62)^ 3 (30) 0.125
pT stage § 0.003
pT1, N (%) 5 (14) 7 (70)
pT2, N (%) 16 (44) 1 (10)
pT3, N (%) 15 (42) 2 (20)
pN stage 0.008
pNx, N (%) 11 (30) 8 (80)
pN0, N (%) 4 (11) 1 (10)
pN1, N (%) 22 (59) 1 (10)
Distant metastases (pM1), N (%) 4 (11) 0 0.156
AJCC stage ° 0.002
Stage I, N (%) 5 (17) 7 (87.5)
Stage II, N (%) 1 (3) 0
Stage III, N (%) 20 (67) 1 (12.5)
Stage IV, N (%) 4 (13) 0



Endocrine Pathology           (2025) 36:18 	 Page 11 of 15     18 

from somatostatin-predominant plurihormonal NETs in 
several pathological features, with the former being more 
similar to Gas-NETs and the latter resembling Som-
NETs. This suggests that the predominance of one hor-
mone over the other in plurihormonal NETs may influ-
ence their histological and biological characteristics.

Although our study did not show significant differences 
in overall survival among all five cell subtypes, the 9-year 
survival of patients with GSSN-NETs (38%) was worse com-
pared to the other subgroups, suggesting that GSSN-NET 
subtype may be considered an adverse prognostic factor 
among NF-Duo-NETs. However, further studies are needed 
to draw more solid conclusions.

European Neuroendocrine Tumor Society 2023 guidelines 
recommend a surgical approach with lymphadenectomy for 
NF-Duo-NETs greater than 10–15 mm and/or located in the 
ampullary region and/or extending beyond the submucosa 
and/or tumor grade G2-G3 and/or with lymphatic and/or vas-
cular invasion [12]. In addition to the aforementioned factors, 
tumor cell subtyping might contribute to therapeutic deci-
sions in NF-Duo-NETs, independently of tumor size.

The main limitations of our study are the lack of data 
regarding recurrence-free survival, its retrospective nature 
comprising a long period of time, and the lack of data on 
expression of transcription factors or other hormone pep-
tides. The relative rarity of the disease also hampers to com-
pletely account for confounding factors through multivari-
able analyses. However, a bivariable analysis highlighted the 
independent association of tumor subtype with an aggressive 
tumor, while accounting for tumor size.

To conclude, our findings indicate that, among NF-
Duo-NETs, Som-NETs and GSSN-NETs are associ-
ated with a higher invasive and lymph node metastatic 
potential compared to Gas-NETs. Furthermore, among 
Som-NETs, the more invasive and metastatic ampullary 
tumors should be distinguished from non-ampullary 
NETs, while among plurihormonal NETs, somatostatin-
predominant tumors should be differentiated from the 
gastrin-predominant NETs with lower invasive poten-
tial. Tumor cell subtyping may have clinical relevance 
in NF-Duo-NETs and could potentially aid in guiding 
therapeutic management.

Table 4   Clinicopathological characteristics of plurihormonal NETs based on hormone predominance

§pT stage not evaluable in one somatostatin-predominant NET. *invasion beyond submucosa not evaluable in one somatostatin-predominant 
NET. ^AJCC stage not assessable in 3 gastrin-predominant NETs and in 6 somatostatin-predominant NETs

Gastrin-predominant plurihormonal 
NETs (n = 22)

Somatostatin-predominant plurihor-
monal NETs (n = 17)

p value

Age at diagnosis, median (25 th-75 th), years 68 (56.5–77) 61 (51–71) 0.125
Female patients, N (%) 11 (50) 9 (53) 1
Ampullary located tumors, N (%) 2 (9) 12 (71)  < 0.001
Tumor size > 10 mm, N (%) 4 (18) 13 (59)  < 0.001
Predominant C (tubular) architectural pattern 0 11 (65)  < 0.001
Tumor grade G2, N (%) 2 (9) 4 (23) 0.374
Lymphatic and/or vascular invasion, N (%) 2 (9) 11 (65)  < 0.001
Perineural invasion, N (%) 0 5 (29) 0.011
Invasion beyond the submucosa, N (%)* 1 (4) 9 (56)  < 0.001
pT stage§ 0.002
  pT1, N (%) 18 (82) 4 (25)
  pT2, N (%) 3 (14) 7 (44)
  pT3, N (%) 1 (4) 5 (31)

pN stage 0.277
  pNx, N (%) 15 (68) 9 (53)
  pN0, N (%) 4 (18) 2 (12)
  pN1, N (%) 3 (14) 6 (35)

Distant metastases (pM1), N (%) 1 (4) 2 (12) 0.570
AJCC stage^ 0.021
  Stage I, N (%) 17 (90) 4 (36.5)
  Stage II, N (%) 0 1 (9)
  Stage III, N (%) 1 (5) 4 (36.5)
  Stage IV, N (%) 1 (5) 2 (18)
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