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en poorly differentiated NECs, mostly from the ampullary re-
gion, were identified and shown to lead to patient demise in 
a median of 10 months. Among 176 NETs, four subtypes 
were characterized, including 20 gastrinomas, 37 ampul-
lary-type somatostatin-producing NETs (ASTs), 12 ganglio-
cytic paragangliomas (GPs) and 106 nonfunctioning NETs 
(nfNETs). ASTs and GPs were mostly localized in the ampul-
lary/periampullary region, while gastrinomas and nfNETs 
were mainly from the proximal duodenum. ASTs and gastri-
nomas showed high rates of local infiltration (especially 
 lymphoinvasion and deep duodenal wall/pancreatic tissue 
invasion) and lymph node metastasis, while nfNETs had sig-
nificantly lower and more size-dependent local invasive 
 potential. Disease-specific survival differed significantly be-
tween NETs and NECs, though not among NET subtypes. NET 
cases with distant metastases (n = 23) were significantly as-
sociated with larger size, higher proliferative grade, lympho-
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 Abstract 

  Background:  Several types of neuroendocrine neoplasms 
(NENs) have been described in the duodenal tract, from low-
grade tumors (NETs) to high-grade neuroendocrine carcino-
mas (NECs). A comprehensive analysis of histology, hormon-
al profile and prognostic parameters of a sufficiently large 
duodenal NEN series to cover all main kinds of neoplasms is 
however lacking.  Methods:  We collected a retrospective se-
ries of 203 duodenal wall and ampullary region NENs, from 
six specialized endocrine pathology centers. All were char-
acterized histopathologically and histochemically, and 190 
were followed for a median of 9 years.  Results:  Twenty-sev-

 Received: December 17, 2015 
 Accepted after revision: February 18, 2016 
 Published online: February 25, 2016 

 Dr. Alessandro Vanoli 
 Division of Pathology, Department of Molecular Medicine 
 University of Pavia and Fondazione IRCCS Policlinico San Matteo 
 Via Forlanini 14, IT–27100 Pavia (Italy) 
 E-Mail ale.vanol   @   virgilio.it 

 © 2016 S. Karger AG, Basel
 

 www.karger.com/nen 

http://dx.doi.org/10.1159%2F000444803


 Duodenal Neuroendocrine Neoplasms   Neuroendocrinology 2017;104:112–125  
DOI: 10.1159/000444803

113

vascular invasion, deep invasion and local lymph node me-
tastasis.  Conclusion:  Our careful analysis of a large series of 
duodenal NENs identified five histologically and prognosti-
cally different histotypes of potential clinical relevance. 

 © 2016 S. Karger AG, Basel 

 Introduction 

 The manifold population of neuroendocrine neo-
plasms (NENs) arising in the duodenal mucosa and am-
pullary region has been investigated in several papers, 
leading to the characterization of various tumor entities 
according to histological structure, hormonal expression, 
clinical profile, genetic background and/or patient out-
come  [1–7] . Most were low-grade tumors, ranging from 
reportedly self-limiting gangliocytic paragangliomas 
(GPs) to a variety of well-differentiated epithelial neuro-
endocrine tumors (NETs). This latter category comprised 
clinically silent or endocrinally active (such as gastrino-
mas) neoplasms of the duodenum as well as nonfunction-
ing, somatostatin cell tumors (often called ‘somatostati-
nomas’ despite their usual lack of clinically relevant signs 
of endocrine hyperfunction), commonly localized in the 
ampullary region and often causing biliary or pancreatic 
duct obstruction and regional lymph node (LN) metasta-
ses. A minority of tumors arose in a genetic background, 
such as gastrinomas in multiple endocrine neoplasia type 
1 (MEN1) syndrome and somatostatin cell tumors in type 
1 neurofibromatosis  [4–6] . In addition to these differenti-
ated, grade 1 or 2, NETs, a few high-grade (grade 3) neu-
roendocrine carcinomas (NECs) have also been reported 
 [8, 9] . 

  Given the relative rarity of such neoplasms, problems 
still exist concerning the identification of histotypes with 
well-defined pathological as well as clinical profiles, the 
understanding of their natural history and the develop-
ment of reliable prognostic criteria. In particular, the fol-
lowing points deserve further investigation: (1) Does the 
type of hormone(s) expressed at the cellular level or the 
associated hyperfunctional syndrome independently pre-
dict tumor behavior? (2) Do proliferative grading or lo-
cally invasive microscopic pattern reliably predict tumor 
behavior? (3) Does the site of origin (e.g. ampullary re-
gion vs. the remaining duodenal wall) influence tumor 
type and/or prognosis?

  A comprehensive analysis of hormone profiles, cyto-
logical features, histological structural and invasive pat-
terns, proliferative grade, topography, stage and outcome 
of a sufficiently large case series to appropriately cover all 

tumor types has, up until now, been lacking. In this paper, 
a series of 203 duodenal cases, collected from 6 special-
ized endocrine pathology centers in Italy, were investi-
gated and followed for a median of 9 years. Up to five 
tumor types with distinctive pathological and clinical 
profiles were characterized.

  Materials and Methods 

 A total of 245 neoplasms from the duodenal tract and ampul-
lary region diagnosed between 1980 and 2015 as ‘differentiated 
(neuro)endocrine tumor’, ‘carcinoid’, ‘gastrinoma’, ‘somatostati-
noma’, ‘gangliocytic paraganglioma’ or ‘poorly differentiated
endocrine carcinoma (pdEC)’ or ‘(neuro)endocrine carcinoma’ 
were retrieved from the Endocrine Tumor Registers set up at the 
Pathology Departments of Pavia, Varese and Genova Universi-
ties, and Catholic University of Rome, and from the Neuroendo-
crine Pathology Databases of San Raffaele Hospital and ‘Istituto 
Nazionale dei Tumori’ Hospital in Milan. In 224 cases, available 
tissue was suitable for accurate histopathological and immuno-
histochemical reinvestigation. Pertinent clinical, endoscopic, ra-
diological and laboratory data as well as follow-up information 
were obtained from clinical and follow-up records, local tumor 
registries and interviews with family doctors. Appropriate char-
acterization was possible in 203 cases, and these were all consid-
ered for the present study. An overall median follow-up of 108 
months (interquartile range: 50–181 months) was recorded. Ten 
patients were lost to follow-up and 3 died during, or shortly after, 
surgery. 

  The study was performed in agreement with the clinical stan-
dards laid down in the 1975 Declaration of Helsinki and its revi-
sion in 1983, and has been approved by the Ethical Committee of 
the Ospedale di Circolo, Varese, Italy (No. 0008465). 

  Tissue from surgical resection was available in 147 cases and 
from endoscopically removed tumors in 56 cases (mostly well-dif-
ferentiated, intramucosal to submucosal tumors). In surgical cases, 
TNM tumor stage was ascertained on histologically diagnosed sur-
gical specimens, while for endoscopic cases, endoscopy findings, 
endoscopic ultrasonography, CT, PET or nuclear magnetic reso-
nance imaging were also considered. LN status was unavailable at 
diagnosis in 9 cases, 8 of which were NECs, 4 with distant metas-
tases at diagnosis and the remaining 3 became metastatic during 
the follow-up. 

  Pathological Characterization 
 All 203 neoplasms, of which a minority had previously been 

investigated  [4] , were studied for the following parameters: num-
ber of mitoses per 10 high power fields (HPF), lymphovascular 
invasion, tumor size, level of duodenal wall invasion, involvement 
of pancreas and periduodenal tissues, local LN/distant metastases, 
including all parameters required to fulfill the criteria of the WHO 
classification  [10] , the AJCC  [11]  and the ENETS  [12]  staging sys-
tems. In our series, no differences between the AJCC and ENETS 
systems were observed as all ampullary cases showing duodenal 
wall invasion were also >1 cm in size, thus fitting into the T2 stage 
according to both systems. Therefore, the ENETS staging system 
was used for statistical analysis in this study.
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  Immunohistochemistry 
 Immunohistochemical tests were performed for chromo-

granin A (monoclonal, clone LK2H10; Ventana, Tucson, Ariz., 
USA), synaptophysin (monoclonal, clone snp88; BioGenex Labo-
ratories, San Ramon, Calif., USA) and Ki67 (monoclonal, clone 
MIB1; Dako, Carpinteria, Calif., USA) in all cases. Immunostain-
ings for gastrin (polyclonal, Dako), somatostatin (polyclonal, 
Dako), serotonin (polyclonal; Novocastra, Newcastle, UK) and 
pancreatic polypeptide (PP, polyclonal; Peninsula Laboratories, 
Belmont, Calif., USA) were performed in NETs. Somatostatin re-
ceptor 2A (SSR2A) (monoclonal, clone UMB1; Abcam, Cam-
bridge, UK), somatostatin receptor 5 (SSR5) (monoclonal, clone 
UMB4; Abcam), MUC1 (monoclonal, clone Ma695; Novocas-
tra) and cytokeratin 7 (monoclonal, clone SP52; Ventana) were 
performed in ampullary-type somatostatin-producing tumors 
(ASTs) and a comparable number of (non-AST) NETs. In select-
ed cases, immunohistochemical staining for insulin (monoclonal, 
clone AE9D6, BioGenex Laboratories) was tested. Somatostatin 
receptor expression was assessed with the scoring system pro-
posed by Volante et al.  [13] ; only score 2 and 3 neoplasms were 
regarded as positive.

  Differentiation and Grade 
 In general, well and poorly differentiated NENs were easily dis-

tinguished on morphological grounds  [10, 14] . Poorly differenti-
ated NECs were characterized by poorly formed, large trabeculae 
and solid nests or diffuse sheets of anaplastic, round to spindle, 
small to intermediate or large cells, frequently showing multiple 
necrotic foci, brisk apoptotic activity and crush artifacts. Differen-
tiated NETs showed well-defined trabecular, solid nests, micro-
lobular, paraganglioid or ‘pseudoglandular’ (with tubular or acinar 
structures more or less abundantly scattered inside the tumor) 
growth patterns. Proliferative grade was assigned based on the mi-
totic and the Ki67 index. The Ki67 proliferative index was ex-
pressed as a percentage value corresponding to the count of Ki67-
positive nuclei in 2,000 tumor cells performed in areas of the high-
est immunostaining. G1 proliferative grade tumors were those 
with <2 mitoses/10 HPFs and <2.5% Ki67 index. G2 tumors were 
those with 2–20 mitoses/10 HPFs or 2.5–20.0% Ki67 index  [15] . 
Proliferative grade 3 neoplasms had >20 mitoses/10 HPFs and/or 
>20.0% Ki67.

  All tumor samples were reviewed by 2 surgical pathologists 
specialized in neuroendocrine pathology (E.S. and A.V.). In all cas-
es, duodenal involvement by a pancreatic NEN was excluded.

  Statistical Analysis 
 This is a longitudinal retrospective study. The follow-up ex-

tended from the date of surgery or endoscopy to the date of death 
or last follow-up. Descriptive statistics were computed as median 
and 25th–75th percentiles for continuous variables and as counts 
and percentage for categorical variables. Median follow-up and its 
interquartile range (25th–75th) were computed by means of the 
inverse Kaplan-Meier method. The Kruskall-Wallis test and Fish-
er’s exact test were used to compare continuous and categorical 
variables, respectively, between types of neoplasms. The Mann-
Whitney U test was used to compare size between patients with 
and without LN metastases. Logistic regression was used to assess 
the association of a series of tumor characteristics and the presence 
of local metastases. Odds ratios and 95% confidence intervals (CI) 
were computed. Receiver operating characteristic (ROC) curve 

analysis was performed to identify the optimal cutoff for size. Sen-
sitivity, specificity, area under the ROC curve and 95% CI were 
computed.

  Cumulative survival was plotted according to the Kaplan-Mei-
er method. The association between candidate prognostic factors 
and tumor death was estimated by means of Cox regression. All 
estimates were adjusted for age and stage in a multivariable model. 
Hazard ratios (HR) and their 95% CI were computed. The propor-
tional hazard assumption was tested based on Schoenfeld residu-
als. Death rates per 100 person-years (95% CI) were also computed 
as summary measures. A two-sided p value <0.05 was considered 
statistically significant. For post hoc comparisons, Bonferroni cor-
rection applied. Stata 14 (StataCorp, College Station, Tex., USA) 
was used for computation.

  Results 

 NECs and NETs 
 The whole patient series of 203 cases, composed of 88 

females and 115 males, median age 62 (25th–75th, 49–70 
years), were first classified as NETs (176 cases), or grade 
3 NECs (27 cases), based on the general morphological 
and proliferative criteria recommended by the WHO 
2010 classification. 

  All 27 NECs had a Ki67 index of >20% (and 21 had 
>50%), thus fulfilling at least one major requirement for 
grade 3 attribution. Twenty-one cases showed >20 mi-
totic figures/10 HPFs, while 5 cases showed a discrepancy 
between mitotic and proliferative indexes (Ki67 >20% but 
<20 mitoses/10 HPFs). All 27 NECs showed poorly dif-
ferentiated morphology throughout or in a predominant 
part of neoplastic tissue, 11 of small and 16 of large cell 
type ( fig. 1 a, b), often coupled with necrosis. Three cases 
of mixed NEC and adenocarcinoma, with predominance 
of the former component, were included in the NEC 
group. We obtained no evidence, by histological analysis 
of recurrent, invasive or metastatic tissue, of direct pro-
gression of a differentiated NET to a poorly differentiat-
ed, small- or large-cell NEC.

  Of the 176 NETs, 31 had a Ki67 index of 2.5–20% and 
16 had 2–20 mitoses/10 HPFs, the agreed limits for pro-
liferative grade 2. In all, 36 NETs were within such limits, 
either due to Ki67 index alone (20 cases), or to mitotic 
index alone (5 cases) or to both (11 cases), and were thus 
classified as grade 2, whereas the remaining 140 cases had 
both a Ki67 index of <2.5% and <2 mitoses/10 HPFs, i.e. 
grade 1. All NETs showed a differentiated histological 
structure of trabecular, microlobular, solid nests and/or 
gland-forming type ( fig.  1 c, d). No well-differentiated 
NETs with a Ki67 index >20% or >20 mitoses/10 HPFs 
were detected.
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a b

c d

e f

  Fig. 1.  Large-cell ( a ; hematoxylin-eosin, ×250) and small-cell ( b ; 
Ki67, hematoxylin, ×100) poorly differentiated NECs. Grade 1 ( c ; 
hematoxylin-eosin, ×100) and grade 2 ( d ; Ki67, with fast red as 
chromogen, ×150) NETs of trabecular structure, nonfunctioning. 

 e ,  f  GPs. PP-reactive paragangliomatous ( e ; ×100), S100-reactive 
spindle cell ( inset  to  e , ×200) and somatostatin-reactive ganglion-
like cell ( f ; ×150) components in a GP. In the  inset  to  f  (×400), 
somatostatin-reactive ganglion-like cells in a GP LN metastasis. 
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  When NECs were compared with NETs as a whole or 
with grade 1 NETs, highly significant differences (Fisher 
exact test p < 0.001) were seen in terms of site, size, lym-
phovascular invasion, duodenal wall invasion beyond 
submucosa, local LN and distant metastases, as well as 
stage ( tables 1 ,  2 ). NECs showed significant differences 
compared to grade 2 NETs in terms of site (p = 0.002), 
size (p = 0.049) and distant metastases (p = 0.021). Grade 
2 NETs showed significant differences compared to cor-
responding grade 1 cases in terms of size, lymphovascu-
lar invasion, deep duodenal wall invasion and LN metas-
tases (for all variables, p < 0.001), as well as for distant 
metastases (p = 0.005). Among NETs, grade 2 prolifera-
tive index was significantly associated with LN metasta-
ses with high specificity (88%, 95% CI 87–93), low sensi-
tivity (40%, 27–55) and moderate ROC area (0.64, 0.57–
0.71). Lymphovascular invasion, on the other hand, 
showed better sensitivity (72%, 58–84), fairly good spec-
ificity (78%, 70–86) and improved ROC area (0.75, 0.68–
0.83).

  NET Subtypes 
 Based on the histological, histochemical, functional 

and topographic criteria, four subtypes were identified in 
the large NET population (176 cases;  tables 1 ,  2 ).

 Table 1. Types and clinicopathological patterns of neoplasms investigated

Alla NEC NETa NEC vs. 
NET,
p value

 Four NET subtypes Sub-
types 
overall,
p value

Significant differences 
among subtypes,
p valueGA S nfNET AST GP

Cases 203 27 (13) 176 (87) 20 (10) 106 (52) 37 (18) 12 (6)
Age, years 62 (49 – 70) 66 (58 – 71) 60 (48 – 70) 0.141 47 (38 – 64) 64 (54 – 73) 50 (43 – 61) 58 (46 – 71) <0.001 GAS vs. nfNET: 0.001

nfNET vs. AST: <0.001
Site <0.001 <0.001 GAS vs. AST: <0.001

GAS vs. GP: <0.001
nfNET vs. AST: <0.001
nfNET vs. GP: <0.001

Duodenum I 97 (49) 0 97 (56) 15 (79) 81 (76) 1 (3) 0 
Duodenum II 19 (9) 1 (4) 18 (10) 3 (16) 10 (10) 1 (3) 3 (25)
Ampullary region 77 (39) 22 (85) 55 (32) 1 (5) 12 (11) 34 (94) 8 (67)
Duodenum III or IV 7 (3) 3 (11) 4 (2) 0 3 (3) 0 1 (8)
Size, cm 1.00 (0.50 – 2) 2.50 (1.7 – 3.5) 1.00 (0.4 – 2.0) <0.001 0.75 (0.5 – 1.2) 0.60 (0.3 – 1.3) 2.50 (1.5 – 3.0) 2.00 (1.3 – 2.5) <0.001 GAS vs. AST: <0.001

nfNET vs. AST: <0.001
GAS vs. GP: 0.001
nfNET vs. GP: <0.001

Proliferative grade 2 
(G2)

36 (17) 36 (20) 3 (15) 19 (18) 13 (35) 1 (8) 0.104

Lymphovascular inva-
sion

80 (43) 19 (95) 61 (37) <0.001 8 (44) 23 (23) 28 (76) 1 (8) <0.001 nfNET vs. AST: <0.001
AST vs. GP: <0.001

Invasion beyond the 
submucosa

82 (43) 18 (90) 64 (38) <0.001 9 (47) 24 (23) 24 (67) 7 (58) <0.001 nfNET vs. AST: <0.001

Data are presented as n (%) or median (interquartile range). Duodenum I = First part of the duodenum; duodenum II = second part of the duodenum (ampullary region excluded); 
duodenum III or IV = third or fourth part of the duodenum; GAS = gastrinoma. a Including the insulinoma.

 Table 2. Metastatic profile and stage according to neoplasm type 
and size

 Available 
cases

LN met. Distant 
met.

Stage III + 
IV

NEC 23 15 (79)a, b 12 (52)a 21 (91)a

NET 175 52 (30) 13 (7) 54 (31)
GAS 20 10 (50)c 2 (10) 10  (50)c

nfNET 105 19 (18) 8 (8) 20 (19)
<1 cm 66 3 (4)d 0 (0)d 3 (4)d

1 to <2 cm 21 6 (29) 1 (5) 7 (33)
≥2 cm 18 10 (56) 7 (39) 10 (56)

AST 37 20 (54)e 3 (8) 21 (57)
<2 cm 14 4 (29)f 1 (7) 5 (36)
≥2 cm 23 16 (70) 2 (9) 16 (70)

GP 12 3 (25) 0 (0) 3 (25)

Data are presented as n or n (%). GAS = Gastrinoma; met. = 
metastases. Size proved informative only for nfNET and AST.
a p < 0.001 vs. NET; b lymph node status not available at diagnosis 
in 4 of the 23 NEC cases; c p = 0.007 vs. nfNET; d p < 0.001 vs. other 
nfNET size groups; e p < 0.001 vs. nfNET; f p < 0.015 vs. ≥2 cm AST 
group.
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  Gangliocytic Paragangliomas  
 Twelve GPs were easily separated from the remaining 

164 NETs owing to their peculiar admixture of an epithe-
lial endocrine (paraganglioid) component, mostly ex-
pressing PP and somatostatin, with gangliocytic and 
spindle cell components better stained by synaptophysin 
or somatostatin and by S-100 antibodies, respectively 
( fig. 1 e, f). Most GPs (11/12) showed grade 1 proliferative 
and cytological patterns, despite an infiltrative pattern in-
volving the muscolaris propria in 7 cases. Three cases 
showed local LN metastases, where, in addition to the 
predominant epithelial component, the gangliocytic and 
spindle cell components were also detected ( fig. 1 f). One 
of the 3 metastastic cases had a large (6 cm), grade 2, pri-
mary neoplasm, deeply invasive of the muscolaris pro-
pria, which recurred after surgery and caused the pa-
tient’s death 4 years later.

  Gastrinomas 
 Among the 164 purely epithelial NETs, 21 were associ-

ated with clinical signs of endocrine hyperfunction, in ad-
dition to histochemical and/or immunochemical evi-
dence of pertinent hormone hypersecretion in the tumor 
tissue or blood (hyperfunctioning NETs), while 143 cases 
lacked clinically relevant signs of endocrine hyperfunc-
tion. In addition to a single insulinoma, reported else-
where  [16] , 20 cases showed signs of gastric acid hyperse-
cretion, acidopeptic gland hypertrophy with parietal as 
well as ECL cell hypertrophy and hyperplasia, peptic ulcer 
disease and/or reflux esophagitis and were diagnosed as 
gastrinomas. Seven cases were MEN1 syndrome associ-
ated and, of these, 5/7 (71%) neoplasms were metastatic 
to local LNs, compared to less than half (5/13, 38%) of the 
sporadic cases. Most tumors were characterized by well-
defined gyriform trabeculae, often coupled with vascular 
pseudorosettes, and were proliferative grade 1 ( fig. 2 a). 

  Ampullary-Type Somatostatin-Producing Tumors  
 Among the remaining 143 NETs, 37 formed a well-

defined group characterized by extensive reactivity for 
somatostatin (involving 60–100%, mean 90%, of tumor 
cells), strong preference for the ampullary-papillary re-

gion (34 out of 36 cases ascertained, including 4 cases 
from the minor papilla), presence of tubular-acinar struc-
tures, with or without intraluminal psammoma bodies, in 
a moderately defined solid or trabecular background of 
fairly large cells with abundant granular eosinophilic cy-
toplasm ( fig. 2 b, c). These ASTs, 4 of which in the back-
ground of type 1 neurofibromatosis, showed, in spite of a 
predominance of grade 1 proliferative index (24 cases), 
frequent microinvasion (especially lymphoinvasion, 28 
cases), high local LN metastatic rate (54%) and frequent 
signs of pancreatobiliary duct obstruction. Lack of cell 
membrane reactivity of tumor cells for somatostatin re-
ceptor type 2A (as found in 25/29 cases investigated, two 
of the 4 exceptions focally showing receptor type 2A reac-
tive gastrin cells in addition to extensive somatostatin ex-
pressing cells unreactive for type 2A receptor), coupled 
with retention of the type 5 receptor membrane reactivity 
(18/22), was also noteworthy in ASTs ( fig. 2 d, e). In con-
trast, most other NETs expressed both type 2A (57/64 
cases tested) and type 5 (39/48) somatostatin receptors 
( fig. 2 f).

  Most ASTs showed more or less extensive reactivity 
for the ampullary and pancreatobiliary markers MUC1 
(31/32 compared to 25/70 of other NETs;  fig. 2 g) and cy-
tokeratin 7 (11/17, compared to 4/19 of other NETs; 
 fig.  3 a). Interestingly, scattered somatostatin cells were 
observed in the adjacent normal ampullary epithelium, 
while in some AST cases, these cells formed linear or mi-
cronodular growths budding into the surrounding stro-
ma ( fig. 3 b).

  Ordinary Nonfunctioning NETs  
 The remaining 106 nonfunctioning NETs (nfNETs) 

showed, besides prominent staining with general neuro-
endocrine markers like chromogranin A and synapto-
physin, reactivity to a variety of hormones ( fig. 3 c–e), ei-
ther alone or variably admixed. Gastrin cells were often 
the dominant cell type in such NETs and were at any rate 
present in 69% of cases, followed by somatostatin (33%) 
or serotonin cells and, though rarely, by PP and insulin 
cells. This overwhelming group of ordinary nfNETs was 
predominantly localized in the first part of the duode-

  Fig. 2.   a  Gastrin-immunoreactive NET with gyriform trabeculae 
and vascular stroma (pseudorosettes), associated with Zollinger-
Ellison syndrome (gastrinoma). ×150. ASTs with tubules and 
psammoma bodies, diffusely and uniformly immunoreactive for 
somatostatin ( b ; ×100), invasive of the muscularis propria ( c ; 
×100) and showing membranous immunostaining for type 5 so-

matostatin receptor ( e ; ×400), though lacking reactivity for type 
2A somatostatin receptor ( d ; ×400), to be compared with intense 
membranous staining for type 2A somatostatin receptor in a gas-
trinoma ( f ; ×200).  g  MUC1-reactive AST; note the intense staining 
of tubule luminal surface, in addition to moderate cytoplasmic 
staining of some tumor cells. ×400.  

(For figure see next page.)
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num; they were small, grade 1 (82%), mucosal-submuco-
sal tumors with a trabecular or microlobular structure. 
These tumors were often found incidentally at endoscopy 
or, at surgery, in gastroduodenal specimens resected for 
other diseases. In addition to these usually self-limited 
tumors, a few (n = 18) cases were larger (2 cm or more), 
locally symptomatic and often grade 2 (9/18), with a high-
er potential for deep wall or lymphovascular invasion and 
LN metastases (10/18 vs. 9/87 less than 2 cm, p = 0.003), 
and they were observed in the various duodenal tracts. 
Among these latter tumors, 2 cases showed diffuse reac-
tivity for serotonin (in the absence of the carcinoid syn-

drome) and with solid nest structure somewhat mimick-
ing that of serotonin-producing argentaffin (enterochro-
maffin) cell NETs commonly arising in the ileum and 
jejunum.

  Differences between NET Subtypes 
 Comparative analysis between individual NET sub-

types showed several important differences. In particular, 
when compared to ordinary nfNETs, ASTs were signifi-
cantly (p < 0.001 for all parameters) larger and more lo-
cally invasive in the duodenal wall beyond the submu-
cosa, within lymphovascular vessels and LNs. Further-

a b

c d e

  Fig. 3.   a  Cytokeratin 7 reactivity of ampullary epithelium (more weakly stained intraepithelial endocrine mi-
cronodules are marked by arrows) and AST tissue. ×200.  b  Somatostatin-reactive endocrine cell neogenesis form-
ing micronodules budding out of ampullary epithelium ( c–e ). ×200. Trabecular nfNET from the duodenal bulb 
showing chromogranin A ( c ; ×400), gastrin ( d ; ×400) and somatostatin ( e ; ×400) cells.    
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more, median patient age was younger and a clear 
preferential location in the ampullary region (vs. proxi-
mal duodenum) was seen for ASTs ( tables 1 ,  2 ). Gastri-
nomas also differed from nfNETs in showing younger pa-
tient age (p = 0.001) and more LN involvement (p = 0.007) 
despite their overlapping median size, topography and 
histological structure. GPs differed from nfNETs in size 
(p < 0.001) and preferential site (ampullary region vs. 
proximal duodenum).

  In the whole NEN series, as well as among NETs or 
nfNETs alone, proliferative index grade 2 or 3, lympho-
vascular invasion and invasion beyond submucosa all 
proved to be highly associated with local LN metastases 
( table 3 ). Among NET subtypes, both ASTs and gastrino-
mas were significantly more associated than nfNETs with 
LN metastases ( table 2 ). The relationship between tumor 
size and LN metastases among NETs and NET subtypes 
is further analyzed in  table 4 , where the empirically deter-
mined optimal size cutoff for ASTs turned out to be sub-
stantially higher than those of gastrinomas, nfNETs and 
NETs as a whole. However, nfNETs sharply differed from 
gastrinomas in showing a median size of metastatic cases 

four times larger than that of nonmetastatic cases, where-
as no size difference was found between metastatic and 
nonmetastatic gastrinomas. Indeed, among nfNETs, size 
was highly significantly (p < 0.001) associated with LN 
metastases. On the other hand, size was only moderately 
(p = 0.017) associated with metastases for ASTs and 
showed no association (p = 0.65) for gastrinomas. Only 
13/176 (7%) NETs had distant metastases, mostly to the 
liver, at diagnosis. Of these, 8 were nfNETs, 3 ASTs and 2 
gastrinomas, without significant subtype difference.

  Disease-Specific Survival 
 One hundred and ninety patients had a median fol-

low-up of 108 months (25th–75th: 50–181). Disease-spe-
cific survival analysis observed 33 disease-related deaths, 
23/27 in the NEC group and 10/163 in the NET group. 
Further subtype analysis revealed disease-related deaths 
in 3/36 ASTs, 4/95 nfNETs, 2/20 gastrinomas and 1/12 
GPs. NECs caused patient death in a median of 10 months 
(25th–75th: 5–18) time, with only 1 patient alive without 
disease 42 months after surgery, 2 dead after 1 and 30 
months, respectively, from other causes and 1 surviving 

 Table 3. Variables associated with local lymph node metastases in 194 neoplasms investigated

Whole series NETs only nfNETs only

OR 95% CI p value OR 95% CI p value OR 95% CI p value

Proliferative grade 4.02 2.62 – 6.18 <0.001 <0.001 <0.001
G2 vs. G1 4.88 2.20 – 10.83 <0.001 4.88 2.20 – 10.83 <0.001 4.96 2.17 – 11.33 <0.001
G3 vs. G1 13.06 5.47 – 31.18 <0.001

Lymphovascular invasion 11.97 4.86 – 29.45 <0.001 9.36 3.33 – 26.32 <0.001 7.68 2.08 – 28.27 0.002
Invasion beyond the submucosa 6.99 2.70 – 18.00 <0.001 6.45 2.39 – 17.41 <0.001 20.72 6.53 – 65.69 <0.001

OR = Odds ratio.

 Table 4. NET type optimal size cutoff and actual median size by lymph node metastatic status

Optimal size cutoff (ROC analysis) Size of cases with/without LN metastases

available 
cases

size, 
cm

sensitivity
(95% CI)

specificity
(95% CI)

AUC ROC
(95% CI)

without metastases with metastases

n size, cma n size, cma

GAS 20 1 40% (12.2 – 73.8) 80% (44.4 – 97.5) 0.60 (0.39 – 0.81) 10 0.80 (0.50 – 1) 10 0.75 (0.60 – 1.20)
nfNET 105 0.9 84% (60.4 – 96.6) 73% (62.6 – 82.2) 0.79 (0.69 – 0.88) 86 0.50 (0.30 – 1) 19 2.00 (1.00 – 2.40)
AST 37 2 70% (45.7 – 88.1) 71% (44 – 89.7) 0.70 (0.55 – 0.86) 17 1.60 (0.80 – 2.50) 20 2.50 (2 – 3.20)
NET 175b 1.1 75% (61.1 – 86) 70% (61 – 77.9) 0.72 (0.65 – 0.80) 123 0.70 (0.30 – 1.30) 52 2.00 (1.10 – 2.00)

AUC = Area under the curve; GAS = gastrinoma. a Median size (interquartile range). b Gangliocytic paragangliomas and insulinoma 
included.
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with disease after 23 months. Interestingly, the longest 
survivor (72 months) showed DNA microsatellite insta-
bility (see the duodenal case in Sahnane et al.  [17] ). NECs 
showed worse disease-specific survival compared to 
NETs as a whole or to each one of the subtypes or even 
to the 36 grade 2 NETs ( table 5 ;  fig. 4 ). In fact, of the 5 
NEN types, only NECs significantly predicted patient 
survival (e.g. HR 31.47, 10.31–96.10, p < 0.001 vs. ASTs). 
Among the whole series, size, proliferative grade 2 and 3, 
lymphovascular invasion, invasion beyond submucosa, 
stage III and IV were significantly related to worse sur-
vival ( table 5 ). The same parameters, with the exception 
of stage III, proved predictive also among NETs alone 
and nfNETs alone. At multivariable analysis, grade 3 
NECs, lymphovascular invasion, size as continuous vari-
able and size  ≥ 2 cm (but not size >1.1 cm) remained sig-
nificant.

  Advanced NETs 
 To improve analysis of NETs developing distant me-

tastases at any time during their history (nonlocal tu-
mors), we pooled cases with distant metastases at diagno-
sis (13 cases; a) with those dead from recurrent disease 
with distant metastases during follow-up (6 additional 
cases; b) and those alive with recurrent disease and distant 
metastases (4 additional cases; c). In all, 23 advanced 
(nonlocal) NETs were collected which, when compared 
to 143 cases with local disease throughout the study, 
showed, at the time of first diagnosis, significant differ-
ences (p < 0.001 for all variables) in mean size (2.23 ± 1.24 

vs. 1.19 ± 1.03), proliferative grade 2 (12/23, 52% vs. 
23/143, 16%), lymphovascular invasion (19/23, 83% vs. 
40/136, 29%), deep wall invasion (16/22, 73% vs. 46/139, 
33%) and LN metastatic rate (18/23, 78% vs. 32/142, 
23%). They included 8/37 (22%) ASTs, 4/20 (20%) gastri-
nomas, 10/96 (10%) nfNETs and 1/12 (8%) GP, with no 
significant differences between subtypes. However, when 
tumors < or  ≥ 2 cm in size were compared, 15 out of 48 
(31%) NETs  ≥ 2 cm were nonlocal versus 8 out of 117
<2 cm (7%) NETs (p < 0.001). When evaluation was re-
stricted to nfNETs, 8 out of 17 tumors (47%)  ≥ 2 cm ver-
sus 2 out of 78 (2.6%) nfNETs <2 cm (p < 0.001) proved 
to be nonlocal. Moreover, none of the 58 nfNETs <1 cm 
in size progressed to nonlocal disease, versus 10 out of 37 
tumors  ≥ 1 cm. Thus, the metastatic power of individual 
nfNETs seems to be strongly size dependent.

  Endoscopically Removed NETs 
 Of 51 endoscopically removed NETs available for de-

tailed analysis, 41 proved to be nfNETs, 3 ASTs, 2 GPs 
and 1 gastrinoma. Forty-one (median size 0.4 cm) were 
from the duodenal bulb, 6 (median size 0.3 cm) from the 
second duodenal tract and 4 (median size 1.1 cm) from 
the ampullary region. Overall, only 4 cases showed pro-
liferative grade 2, 2 out of 49 exhibited lymphovascular 
invasion and none had invasion beyond the submucosa. 
During a median follow-up of 114 (25th–75th: 48–185) 
months, only a single case (an ampullary AST) developed 
liver metastases, and no LN metastases were demonstrat-
ed.

 Table 5. Disease-specific survival of the whole series (190 cases followed)

Univariable analysis Multivariable analysisa

HR 95% CI p value HR 95% CI p value

Size
As continuous variable 1.60 1.34 – 1.91 <0.001 1.20 1.05 – 1.38 0.008
Size >1.1 cm 9.27 2.75 – 31.28 <0.001 2.25 0.73 – 6.95 0.160
Size ≥2 cm 7.00 3.61 – 13.58 <0.001 2.13 1.08 – 4.23 0.03

Proliferative grade <0.001 <0.001
G2 vs. G1 6.39 1.36 – 29.97 0.012 3.21 0.62 – 16.46 0.261
G3 vs. G1 88.90 22.26 – 355.00 <0.001 27.83 4.70 – 164.90 <0.001
G3 vs. G2 13.92 4.21 – 46.00 <0.001 8.66 2.98 – 25.18 <0.001
G3 (NECs) vs. G1 + 2 (NETs) 43.48 28.57 – 66.67 <0.001 15.38 7.25 – 32.26 <0.001

Lymphovascular invasion 12.50 4.20 – 37.24 <0.001 5.16 1.80 – 14.83 0.002
Invasion beyond the submucosa 9.29 3.49 – 24.67 <0.001 3.04 0.81 – 11.38 0.100
Stage III–IV vs. I–II 23.31 4.05 – 135.35 <0.001 – – –

a Multimodel is adjusted for age and stage.
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  Discussion 

 In this study, five types of NENs with distinctive clini-
copathological profiles were identified among more than 
200 neoplasms arising in the duodenal tract. The neo-
plasms were first classified, based on both the histopatho-
logical pattern and proliferative index  [10, 12, 14] , as 
grade 1 or 2 NETs and grade 3 NECs. All NECs had >20% 
Ki67 index or >20 mitoses/10 HPFs or both, and showed 
poorly differentiated histology. Our findings confirm the 
concentration of NECs in the ampullary region  [8, 9] , add 
a few duodenal wall NECs not related to the ampulla and 
outline marked behavioral differences of NECs compared 
to duodenal NETs. Indeed, disease-specific survival anal-

ysis showed clearly worse behavior of NECs compared 
with NETs as a whole or even with grade 1 or 2 NETs 
separately. In particular, most NECs (23/27) led to patient 
demise in a median of 10 months from diagnosis, while 
very few (10/163 cases) NETs caused patient death and 
often after prolonged survival with ongoing metastatic 
disease. 

  A combination of histological, histochemical and 
functional criteria has identified four NET subtypes: the 
GP, the hyperfunctioning NET (several gastrinomas and 
a single insulinoma case), the AST and ordinary nfNET. 
These subtypes turned out to show distinct topographic 
distribution, natural history and, to some extent, progno-
sis. 
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  Fig. 4.  Kaplan-Meier disease-specific survival estimates for the whole series of duodenal NENs, by the WHO clas-
sification (NEC vs. NET), proliferative grade, type and stage.               
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  In accordance with an investigation by Rosentraeger 
et al.  [18]  (published online after this study was complet-
ed), no histological/histochemical difference was found 
between gastrin-expressing neoplasms with or without 
associated endocrine hyperfunction syndrome, nor did 
tumor mass account for their different functional behav-
ior. Indeed, active gastrinomas, especially those multi-
centrically arising in a background of MEN1, were among 
the smallest duodenal NETs  [4 ,  5] . Although active duo-
denal gastrinomas usually showed exclusive, or largely 
predominant, gastrin cells at the histochemical level, we 
also found plenty of endocrinally silent tumors rich in 
gastrin cells, with or without associated somatostatin 
and/or other cells. The cellular and molecular mecha-
nisms causing tumor endocrine hyperfunction and its 
clinical relevance remain largely unknown. Gastrinomas 
are best considered separately from clinically nonfunc-
tioning NETs, as the gastrinoma syndrome can, by itself, 
dominate the clinical picture, thus becoming the main 
therapeutic issue  [5, 19, 20] . Furthermore, gastrinomas 
have a selective association with MEN1 syndrome as well 
as a higher frequency of LN metastases, sometimes from 
occult primaries, either in the duodenum or in the upper-
most jejunum  [4, 5] . On the other hand, the strong size 
dependence of nfNETs’ LN metastatic power is note-
worthy as it recalls the large population of functionally 
uncharacterized ‘indolent’ NETs recruited in the SEER 
tumor registry, mostly small in size, stage I and with ex-
cellent outcome  [21] . Incidentally diagnosed cases at en-
doscopy are likely to contribute significantly to this pop-
ulation, which in our series was mostly concentrated in 
the proximal duodenum and essentially uneventful dur-
ing a prolonged follow-up.

  ASTs were characterized by diffuse somatostatin reac-
tivity of fairly large cells, by the presence of tubuloacinar 
structures with or without luminal psammoma bodies, 
and by their lack of reactivity for type 2A somatostatin 
receptors, coupled with reactivity for type 5 receptors. 
This pattern, together with their mostly ampullary/peri-
ampullary location, separated ASTs from usually trabec-
ular or microlobular ordinary nfNETs, even when the lat-
ter contained a somatostatin cell component. This study 
confirmed the presence of sparse somatostatin cells in 
normal ampullary-papillary epithelium  [4, 22] . In addi-
tion, in several AST cases, apparently newly formed, dys-
plastic somatostatin cell cords and micronodules, some-
times budding out from the ampullary/papillary epithe-
lium and infiltrating the adjacent stroma were seen. These 
findings, which reproduced in part previous observations 
on NET histogenesis in the duodenal  [23, 24]  and gastric 

mucosa  [25] , raise the issue of a direct histogenetic link of 
at least some ASTs with the ampullary-papillary epithe-
lium.

  Although none of our AST cases showed unequivocal 
signs of somatostatin-related endocrine hyperfunction 
relieved by tumor excision, these findings (particularly 
diabetic ketoacidosis) have been reported by others  [26–
28] . Another point of potential clinical interest is AST’s 
frequent lack of type 2A somatostatin receptors, coupled 
with the intense expression of type 5 receptors, which 
may have implications for the choice of appropriate so-
matostatin analogue therapy  [29, 30] . These observations 
further support the need to separate ASTs from ordinary 
nfNETs, as strongly suggested by their differences in his-
topathological, histochemical and topographic features 
and in invasive potential.

  Although GPs have been commonly reported as ‘be-
nign’ or self-limiting growths, we found 3 metastatic cas-
es to local LNs out of 12 investigated, one of which proved 
fatal owing to tumor recurrence and progression after 
surgery. At least 20 other GPs metastatic to local LNs and 
a single fatal case have also been reported in the literature 
 [31, 32] . Thus, a limited, low-grade malignant potential 
should be attributed to such tumors, despite the usually 
excellent outcome of most reported cases, including 11 of 
our 12 cases (2 of which were locally metastatic, howev-
er). As a rule, PP immunoreactivity was prominent among 
paraganglioid cells, as found in 8 of 9 GPs tested, a finding 
at variance with the lack of reactivity for PP of 26 out of 
28 ASTs tested. As outlined by Okubo et al.  [33] , this fea-
ture may help to distinguish the two tumors despite their 
common reactivity for somatostatin and preference for 
the ampullary-periampullary region. The identification 
of gangliocytic and spindle cell components (in addition 
to paraganglioid cells) within metastatic GP tissue speaks 
for a neoplastic origin of these cells and effectively rules 
out a merely reactive role of such components.

  NET size, site, proliferative grade 2 and locally invasive 
pattern were shown to strongly correlate with local LN 
metastatic rate, although they had limited influence on 
disease-specific patient survival, which, as confirmed by 
multivariable analysis, was mainly influenced by grade 3 
NEC status and stage IV (distant metastases). However, 
the long-term follow-up of NETs suggests that, notwith-
standing their slowly invasive growth, late distant metas-
tases may be seen in a few patients, especially with ASTs, 
and may be the cause of death. In the large population of 
nfNETs, only those  ≥ 2 cm in size seemed to be at consis-
tent risk of both local LN and distant metastases, while 
those <1 cm seemed to carry a negligible risk. On the oth-
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er hand, ASTs and gastrinomas are at higher risk of local 
LN metastases, a risk which, at variance with nfNETs, is 
not influenced by tumor size in gastrinomas.

  In spite of the fact that the four NET subtypes display 
significant differences in variables with potential prog-
nostic impact, the disease-specific survival analysis did 
not show statistically significant differences between the 
four NET subtypes. It is possible that differences could be 
appreciated for progression-free survival only. However, 
the present series lacked some pertinent data and, for 
some subtypes, such as GP and gastrinoma, also lacked 
the numbers required to reach statistically meaningful 
conclusions. Larger studies gathering multiple cases of 
these rare entities from multiple institutions on a larger 
scale are needed to answer such questions.

  Finally, though the involvement of several Pathology 
Centers with long referral experience in the field was a 
guarantee of data quality, the present multicenter study 
has several limitations, the most important being its in-
herently retrospective nature. This may imply significant 
differences in data collection, overall patient manage-

ment and therapy, features that all may have set data bi-
ases. Nonetheless, we believe that the identification of po-
tentially informative histopathological parameters may 
help in designing prospective clinicopathological studies 
aiming to define solid criteria for alternative therapeutic 
choices, such as surgery or endoscopic excision  [34, 35] .
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