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Abstract

Neuroendocrine neoplasms (NENs) of the major and minor ampulla are rare diseases with clinico-pathologic features distinct
from non-ampullary-duodenal NENs. However, they have been often combined and the knowledge on prognostic factors
specific to ampullary NENs (Amp-NENs) is limited. The aim of this study was to identify factors associated with metastatic
potential and patient prognosis in Amp-NENs. We clinically and histologically investigated an international series of 119
Amp-NENSs, comprising 93 ampullary neuroendocrine tumors (Amp-NETs) and 26 neuroendocrine carcinomas (Amp-NECs).
Somatostatin-producing tubulo-acinar NET represented the predominant Amp-NET histologic subtype (58 cases, 62%, 12
associated with type 1 neurofibromatosis). Compared to Amp-NETs, Amp-NECs arose in significantly older patients and
showed a larger tumor size, a more frequent small vessel invasion, a deeper level of invasion and a higher rate of distant
metastasis, and, importantly, a tremendously worse disease-specific patient survival. In Amp-NETs, the WHO grade proved
to be a strong predictor of disease-specific survival (hazard ratio: 12.61, p<0.001 for G2 vs G1), as well as patient age at
diagnosis > 60 years, small vessel invasion, pancreatic invasion, and distant metastasis at diagnosis. Although nodal meta-
static disease was not associated with survival by itself, patients with >3 metastatic lymph nodes showed a worse outcome
in comparison with the remaining Amp-NET cases with lymphadenectomy. Tumor epicenter in the major ampulla, small
vessel invasion, and tumor size > 16 mm were independent predictors of nodal metastases in Amp-NETs. In conclusion, we
identified prognostic factors, which may eventually help guide treatment decisions in Amp-NENSs.
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Introduction commonly present with abdominal pain or jaundice due to

bile duct obstruction [3, 4]. Importantly, they are more fre-

Duodenal neuroendocrine neoplasms (NENs) may be distin-
guished in ampullary and non-ampullary NENs, depending
on their site. Ampullary neuroendocrine neoplasms (Amp-
NENs) are rare malignancies, accounting for about 20%
of all duodenal NENs [1]. These neoplasms show clinical,
histologic, and immunohistochemical distinctive features in
comparison with non-ampullary duodenal NENs (non-Amp-
Duo-NENs) [1, 2]. Indeed, Amp-NENSs are larger and more
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quently associated with neurofibromatosis type 1 (NF1) and
tend to occur in younger individuals [4]. Although most
studies showed a lack of significant prognostic differences
between Amp-NENs and non-Amp-Duo-NENs, especially
when only well-differentiated neuroendocrine tumors (NETSs)
were considered [3—10], Amp-NENs were shown to display
a more aggressive behavior with a trend towards reduced
overall survival in some studies [11-15]. In addition, there
are several histologic differences between Amp-NENs and
non-Amp-NENS. First, poorly differentiated neuroendocrine
carcinomas (NECs) are more likely located in the ampullary
region than in the non-ampullary duodenum [16]. Second,
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most ampullary NETs (Amp-NETSs), arising either in the
major ampulla or in the minor papilla, show a character-
istic pseudo-glandular (tubulo-acinar) pattern, often with
psammoma bodies, and extensive somatostatin expression,
whereas the majority of non-ampullary duodenal NETs (non-
Amp-Duo-NETs) show a typical nesting-to-trabecular archi-
tecture and are immunoreactive for gastrin and negative or
only sparsely positive for somatostatin [16, 17]. Third, the
so-called gangliocytic paraganglioma (GP), which the new
2022 World Health Organization (WHO) of Endocrine and
Neuroendocrine Tumors has renamed composite gangliocy-
toma/neuroma and neuroendocrine tumor (CoGNET), exhib-
its a strong preference for major or minor ampullary regions
[16-19]. Finally, treatment guidelines of duodenal NETSs con-
sider tumor site; indeed, surgical resection (local or radical) is
generally indicated for Amp-NENSs, regardless of the tumor
size, while a fraction of small duodenal non-Amp-NETs may
be treated endoscopically [1, 20, 21].

Despite these relevant differences, Amp-NENs and non-
Amp-Duo-NENs are considered together by most studies
evaluating the factors associated with metastatic potential and
prognosis; thus, the current knowledge of Amp-NEN prog-
nostic factors depends on limited, often single-institution,
case series and case reports [22, 23] and/or national cancer
databases with inherent well-known limitations [15]. The aim
of this study was to analyze a large multicentric series of
Amp-NENS, in order to identify specific prognostic factors.

Materials and Methods

Pathology databases and Endocrine Tumor Registers of the
Anatomic Pathology Departments of Pavia, “Vita-Salute
San Raffaele” (Milan), Humanitas (Milan), Verona, Padua,
Genoa, Insubria and Lausanne Universities, of Catholic Uni-
versity of Rome and of “Casa Sollievo della Sofferenza” of
San Giovanni Rotondo were searched for cases diagnosed
as “neuroendocrine tumor” or “neuroendocrine carcinoma”
or “endocrine tumor” or “endocrine carcinoma’ or “carci-
noid” or “gangliocytic paraganglioma” of the major or minor
papilla/ampulla between 1987 and 2020.

Cases included in this study fulfilled the following cri-
teria: (a) NEN with tumor epicenter, i.e., the major por-
tion of the tumor, predominantly situated in the major or
minor ampulla at gross examination/dissection of pancrea-
toduodenectomy specimens or, alternatively, NEN found in
ampullectomy specimens with preoperative and intraopera-
tive evidence of NEN epicenter within the major (or minor)
ampulla; (b) histologic presence of pancreatobiliary-type
ampullary ducts adjacent to NEN. Primary pancreatic NENSs,
non-Amp-Duo-NENs with extension to the major or minor
ampulla regions, and mixed neuroendocrine-non-neuroen-
docrine neoplasms (MiNENs) were excluded.

All clinical (patient age at diagnosis, tumor site, hyper-
functional endocrine syndrome, hereditary cancer syndrome,
type of resection, presence and site of distant metastasis)
and histopathologic data were recorded. In particular, full
somatostatinoma syndrome was diagnosed when at least
three of the following features were present: recent onset
diabetes mellitus, noticeably increased plasma and/or tumor
somatostatin, anemia, reduced gastric acid secretion, bile
stones, diarrhea/steatorrhea, and loss of weight [24, 25]. All
relevant clinical, endoscopic, imaging, and serologic data
were obtained using hospital clinical charts, local tumor reg-
istries, and contacts with general practitioners. All follow-up
information was noted.

Histologically, the following parameters were recorded:
tumor differentiation, histologic subtype, mitotic index per
2 mm?, proliferation index using Ki67, vascular invasion
in small (lymphatics, capillaries, or post-capillary ven-
ules) and large vessels, tumor necrosis, tumor size, level of
invasion, the total number of isolated loco-regional lymph
nodes, and the number of metastases in loco-regional nodes
(Iymph node metastases—LNMs). All slides were stained
with hematoxylin and eosin (H&E) for morphologic evalu-
ation; immunohistochemistry for synaptophysin (mono-
clonal, clone DAK-SYNAP, Dako, Carpinteria, CA) was
used to confirm neuroendocrine differentiation, for Ki67
(monoclonal, clone MIB1; Dako) to assign WHO grade,
and for CD31 (clone JC70A, Dako) to identify invasion in
small vessels. All available slides were reviewed or, when
not available, staining was performed. Large vein involve-
ment was distinguished from small vessel invasion when a
smooth muscle layer and/or elastic lamina were identified.
In addition, immunohistochemistry for somatostatin (poly-
clonal, Dako) was carried out in Amp-NETs for histologic
subtyping. Gastrin (polyclonal; Dako) and ACTH (clone
02A3, Dako) immunostains were performed in functioning
NETSs with Zollinger-Ellison and Cushing syndrome, respec-
tively, while non-functioning conventional NETs were also
tested for gastrin (polyclonal, Dako), serotonin (polyclonal;
Novocastra, Newcastle, UK), and pancreatic polypeptide
(polyclonal; Peninsula Laboratories, Belmont, CA). In cases
identified as GP/CoGNET, S100 immunohistochemistry
(polyclonal, Dako) was also performed to highlight susten-
tacular/Schwannian components.

Neoplasms were diagnosed as large cell NEC when show-
ing solid, irregular poorly formed nests and trabeculae of
large cells with atypia, vesicular nuclei, and evident nucleoli.
Small cell NEC was diagnosed when tumors showed dif-
fuse, solid sheets of small-to-intermediate-sized atypical
cells with scant cytoplasm and round or spindle morphol-
ogy. High-grade carcinomas were also frequently associated
with necrotic foci and nuclear streaming artifacts, as well as
desmoplastic stroma. NETs were diagnosed as such when
well-differentiated morphology was seen [25]. According
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to WHO 2019 criteria, grade in NETs was assigned accord-
ing to Ki67 index and mitotic count, while NECs were
considered high-grade (grade 3) by definition. The prolif-
eration labeling index with Ki67 was assessed following
the European Neuroendocrine Tumor Society (ENETS)/
WHO recommendations. In particular, after identifying the
hot spot area of highest nuclear labeling, the percentage of
immunostained tumor cells/neoplastic cells (at least 500
cells) was evaluated manually on printed high magnifica-
tion (X 400) microphotographs of the hot spots. Tumors were
diagnosed as G1 when mitotic index was <2 mitoses/2 mm?
and proliferation index was <3% Ki67 index; tumors were
diagnosed as G2 when mitotic index was between 2 and 20
mitoses/2 mm? or proliferation index as between 3 and 20%
Ki67 index; G3 NETs were diagnosed as such when mitotic
index was greater than 20 mitoses/2 mm? or Ki67 > 20%. If
NENs showed Ki67 labeling index >20%, these were re-
assessed for histological differentiation using the reproduc-
ible morphologic criteria recently proposed by Elvebakken
et al., which include tumor architecture (organoid in NETs
vs non-organoid or diffuse for NECs), stroma (hyalinized
in NETs vs desmoplastic in NECs), and capillary network
(vessels in direct contact with tumor cells in NETs or more
distant in NECs) [26].

Amp-NETs were histologically sub-classified into (i)
GP/CoGNET, defined by the typical triphasic morphol-
ogy (paraganglioid, Schwannian-like and ganglion cell-like
components); (ii) ampullary-type somatostatin-producing D
cell NETs (SOM-NETSs), characterized by extensive (> 50%)
somatostatin expression by tumor cells and at least focal
pseudo-glandular structure, with or without psammoma bod-
ies; and (iii) conventional NETs, i.e., the remaining cases
which do not fulfill the criteria for GP or SOM-NET [16,
17, 25].

The neoplasms were staged according to the 8th Ameri-
can Joint Committee on Cancer (AJCC) TNM staging sys-
tem, which is different for Amp-NETs and Amp-NECs, as
the latter are staged with the same TNM system as ampul-
lary adenocarcinomas [27]. Minor papilla-ampulla NETs
were staged using the same criteria adopted by AJCC for
major ampulla NETs, as following: pT1 (tumor dimen-
sion <1 cm and confined within the sphincter), pT2 (tumor
invades through sphincter into duodenal submucosa or
muscularis propria, or is>1 cm), pT3 (tumor invades the
pancreas or peripancreatic adipose tissue), and pT4 (tumor
invades the visceral peritoneum (serosa) or other organs). N
stage was assigned only in cases which underwent surgical
lymphadenectomy (pN stage); radiological N stage was not
assigned in consideration of the high likelihood of under-
staging with imaging/preoperative techniques observed in
this setting [28].

Following the AJCC criteria for ampullary adenocarci-
nomas, pN stage was subdivided into pNO (no local LNM),
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pN1 (1-3 LNMs), and pN2 (>3 LNMs) for both Amp-NETs
and Amp-NECs. In addition, lymph node ratio, defined as
the number of positive lymph nodes over the total number
of isolated nodes, was calculated in N + cases. Despite the
known limitations, for assessment of distant metastases at
diagnosis, computed tomography (CT) imaging and/or 3Ga-
labeled tetraazacyclododecane tetraacetic acid (DOTA)—pep-
tide positron emission tomography (PET)/CT scans were
also considered (when available).

Two surgical pathologists specialized in gastrointestinal
and neuroendocrine pathology (AV and ES) performed cen-
tral pathology review.

The study was performed in agreement with the clinical
standards laid down in the 1975 Declaration of Helsinki and
its revision and was approved by the ethics committee of
Pavia (protocol number: 20210027824).

Statistical Analysis

This is a longitudinal retrospective study. Descriptive statis-
tics were computed as median and 25th—75th percentiles for
continuous variables and as counts and percentages for cat-
egorical variables. The Mann—Whitney test was used to com-
pare continuous variables between neoplasm types while the
Fisher’s exact test (or x 2 test) was used to compare categori-
cal variables. Logistic regression was used to assess the asso-
ciation of a series of tumor characteristics and the presence
of N +disease only in NET cases which underwent lymphad-
enectomy. In case of 0 events in one category, an exact logistic
model was fitted. Odds ratios (OR) and 95% confidence inter-
vals (CI) were computed. Variables with a p<0.1 on univari-
able analysis were included in a multivariable model. Model
discrimination was measured using the model area under the
receiver operating characteristic (ROC) curve (and 95%CI).
The optimal size cutoff for predicting LNMs in NETs was
identified by ROC curve analysis. Sensitivity, specificity, area
under the ROC curve, and 95% CI were computed. Follow-
up was computed from the date of diagnosis to the date of
death or last available follow-up for censored patients. The
reverse Kaplan—Meier method was computed by means of
the median follow-up and its interquartile range (25th—75th)
was computed by means. Disease-specific survival (DSS) was
calculated. Kaplan—Meier cumulative survival curves were
plotted and compared with the log-rank test. Cox regression
analysis assessed the strength of association between candi-
date risk factors and mortality. Hazard ratios (HR) and 95%
CI were derived from the models. The proportional hazard
assumption was tested based on Schoenfeld residuals. Due
to the low number of disease-related deaths, only univariable
analysis was possible. Intra-center correlation was accounted
for by computing Huber-White robust standard errors while
clustering on center for all the fitted models. A two-sided p
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<« Fig. 1 Histologic types of ampullary neuroendocrine neoplasms. A-B
A somatostatin-producing neuroendocrine tumor (SOM-NET) of the
major ampulla, with tubulo-glandular architecture and psammoma
bodies. Note in (A), on the lower right, the presence of residual
ampullary ductules and in (B) the extensive and strong somatostatin
expression by tumor cells (A, hematoxylin and eosin; B, somatostatin
immunohistochemistry). C-D An unusual case of ACTH-producing
ampullary NET associated with Cushing syndrome, showing with a
conventional, nested-to-trabecular structure and ACTH expression
by many tumor cells (C, hematoxylin and eosin; D, ACTH immu-
nohistochemistry). E A gangliocytic paraganglioma (GP)/composite
gangliocytoma/neuroma and neuroendocrine tumor (CoGNET) show-
ing a S100-negative paraganglioid component, with epithelioid cells
arranged in solid nests (see the inlet, hematoxylin and eosin), rare
ganglion-like cells, and S100-positive sustentacular and stromal cells
(S100 immunohistochemistry). F A small cell type neuroendocrine
carcinoma (NEC) of the major ampulla; note, in the center, some
residual ampullary ductules

value <0.05 was considered statistically significant. For post
hoc comparisons, Bonferroni correction is applied. Stata
17 (StataCorp, College Station, TX, USA) was used for
computation.

Results

Prevalence and Clinico-pathologic Features
of Amp-NETs and Amp-NECs

The present series is composed of 119 Amp-NENSs, which
included 93 (78%) Amp-NETs and 26 (22%) Amp-NECs
(Fig. 1). Amp-NETs were graded as G1 (67 cases, 73%) and
G2 (25 cases, 27%) NETs, while the WHO grade could not
be reliably assessed in one case for the lack of an additional
tumor section to perform Ki67 immunohistochemistry. Inter-
estingly, no NET G3 was identified. Regarding histologic
NET subtypes, 58 (62%) cases were SOM-NETs, character-
ized by extensive somatostatin expression and tubulo-acinar
structure, only one of which (2%) was associated with a
full-blown somatostatinoma syndrome, 8 (9%) were GPs/
CoGNETs, and 27 (29%) were conventional NETs. The
latter comprised 24 non-functioning NETSs and three func-
tioning NETSs, which were two gastrinomas associated with
Zollinger-Ellison syndrome and one ACTH-producing NET
associated with Cushing syndrome. In addition, immunohis-
tochemical expression of hormones in non-functioning con-
ventional NETs was always focal, involving less than 10%
of neoplastic cells, and relatively rare (gastrin in 5 cases,
somatostatin in 4 cases, serotonin in 1 case, and pancreatic
polypeptide in 2 cases). SOM-NET patients were signifi-
cantly younger (median age: 55 years; 25th—75th: 44-63)
than those with conventional NETs (59 years; 25th—75th:
49.5-70, p=0.048) and more frequently associated with
hereditary tumor syndromes (23% vs 3%, p=0.029), in par-
ticular with NF1. In addition, SOM-NETSs were significantly
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larger in size (median size: 20 mm, 25th—75th: 14.25-29.5)
in comparison with conventional NETs (10 mm, 25th—75th:
7-19.5; p value: 0.003). Amp-NECs comprised 14 “small
cell subtype,” while the remaining 12 were large cell NECs.

According to AJCC criteria, pT stage could be assigned to
88 Amp-NETs (pT1: 11 cases, 12.5%, pT2: 45 cases, 51.1%,
pT3: 32 cases, 36.4%) and to 20 NECs, most of which (70%)
were pT3, while 4 (20%) were pT2 and two (10%) pT1. No
pT4 case was observed. AJCC TNM stage at diagnosis was
assigned to 62 Amp-NETs (stage I: 6 cases, 9.7%; stage II:
9 cases, 14.5%, stage I1I: 38, 61.3%, stage IV: 9, 14.5%) and
to 23 NECs (stage I: 0%, stage II: 1 case (4.3%), stage I1I:
12 cases, 52.2%, stage IV: 10 cases, 43.5%).

A detailed comparison between clinico-pathologic fea-
tures of Amp-NETs and Amp-NEC:s is outlined in Table 1.
Amp-NEC patients were significantly older (median age:
66 years) in comparison with Amp-NET patients (median
age: 57 years, p=0.0019) and showed a stronger predomi-
nance for male gender (77% vs 52%, p=0.025). Amp-NETs
feature a higher association with hereditary tumor predis-
position syndromes (15% vs 4%), although the difference
was not statistically significant. In particular, 12 NETs (all
of which categorized as SOM-NETs and three of which
with double, synchronous tumors involving both the major
and minor ampulla) were NF1-associated, two NETs were
MEN/1-associated, whereas one NEC arose in the setting
of classic MEN2A syndrome (in a patient with a history
of medullary thyroid carcinoma and primary hyperparathy-
roidism). Regarding the type of treatment, most patients
in both differentiation groups underwent pancreatoduo-
denectomy; however, about a quarter of Amp-NETs were
treated with local resection (such as ampullectomy), which
was never performed in NECs. Although the vast majority
of both Amp-NETs and Amp-NECs were detected in the
major ampulla region, a small proportion (16 cases, 17%) of
NETs only arose in the minor papilla/ampulla. As expected,
the median number of mitoses per 2 mm? and the median
Ki67 proliferative index were significantly higher in NECs
(median mitotic rate: 32; median Ki67: 70%), compared to
NETs, which showed a very low proliferative activity as a
group (median mitotic rate: 0.5; median Ki67: 1.5%). In
addition, NECs showed a significantly larger size (median:
25 mm) compared to NETs (median. 16 mm, p=0.01), a
higher proportion of invasion of the pancreas or peripan-
creatic soft tissues (46% vs 34%) and of distant metastases
at diagnosis (42% vs 11%), mostly to the liver, as reflected
by the higher percentages of pT3 and stage IV observed
in Amp-NECs. Nevertheless, a direct comparison of AJCC
pT stages between Amp-NETs and Amp-NECs is not pos-
sible because of some differences in TNM staging criteria
adopted by AJCC for the two disease types. Tumor necrosis
was found in 88% of Amp-NECs whereas no Amp-NETs
showed evidence of tumor necrosis.
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Table 1 Clinico-pathologic features of 119 Amp-NEN cases according to histologic differentiation
Variable Amp-NETs Amp-NECs p value
Total N. of cases (% of total Amp-NENs) 93 (78%) 26 (22%)
Patient age at diagnosis, years, median (25th-75th) 57 (47-66) 66 (60-71) 0.002
Patient age at diagnosis > 60 years, N (%) 32 (34) 19 (73) 0.001
Male gender, N (%) 48 (52) 20 (77) 0.025
Hereditary tumor syndrome, N (%) 14 (15) 1(4) 0.186
Functionality, N (%) 44 0 0.575
Type of treatment, N (%) <0.001

Local resection (ampullectomy or transduodenal excision) 22 (24) 0

Pancreatoduodenectomy 65 (70) 19 (73)

Biopsy + medical treatment 1(D) 7@27)

Unknown 5(5) 0
Tumor site, N (%) 0.021

Major ampulla 77 (83) 26 (100)

Minor ampulla 16 (17) 0
Tumor size, mm, median (25th-75th) 16 (10-25) 25 (20-30) 0.010
Mitotic rate, number/2 mm?, median (25th-75th) 0.5 (0-1) 32 (20-52) <0.001
Ki67 proliferative index, %, median (25th—75th) 1.5 (1-2) 70 (60-74) <0.001
Small vessel invasion, N (%) 51 (55) 20 (77) <0.001
Level of invasion, N (%) 0.002

Within the muscle sphincter 12 (13) 0

Duodenal submucosa or muscularis propria 44 (47) 7Q27)

Pancreas or peripancreatic tissues 32 (35) 12 (46)

Unknown 5(05) 7(27)
LNM, N (%)* 44 (75) 17 (89) 0.216
pN, N (%) 0.179

pNO 16 (27) 2(11)

pN1 (1-3 LNM) 19 (32) 10 (52)

pN2 (>3 LNM) 24 (41) 7(37)
Distant metastases at diagnosis, N (%)™ 9(11) 10 (42) 0.001
Disease-specific mortality rate per 100 person-year (95% CI) 0.87 (0.39-1.95) 53.63 (34.21-84.07) <0.001

Amp-NET ampullary neuroendocrine tumor, Amp-NEC ampullary neuroendocrine carcinoma, Amp-NEN ampullary neuroendocrine neoplasm,

CI confidence interval, LNM lymph node metastasis

“Fifty-nine Amp-NET patients and 19 Amp-NEC patients underwent lymphadenectomy with histologic lymph node assessment; *“clinical and/
or pathologic data on distant metastasis at diagnosis were available for 84 Amp-NET patients and 24 Amp-NEC patients

Finally, we found a higher rate of small vessel inva-
sion in NECs compared to NETs (77% vs 55%, p<0.001),
despite no significant difference in the LNM rate or pN
stage between the two groups. While a half of NECs showed
both small and large vessel angioinvasion, only small ves-
sel invasion was identified in NETs. Moreover, lymph node
ratio in cases with LNMs was similar between Amp-NETSs
(median 0.3, 25th—75th: 0.11-0.40) and Amp-NECs (0.20,
0.10-0.29, p=0.389), as well as was the total number of
lymph nodes examined (median: 17, 25th—75th: 9-25 for
NETs vs 16: 10-19 for NECs, p=0.545).

Median follow-up for the 112 patients (88 with Amp-
NETs and 24 with Amp-NECs) was 78 months (25th—75th:
38-142). Neoplasm-related death was observed in 19

Amp-NEC patients (estimated median survival: 10 months)
and in 6 Amp-NET patients (median survival: not reached).
Tumor differentiation was a strong prognostic factor in Amp-
NENSs according to disease-specific survival analysis which
showed that NEC patients showed significantly worse out-
come (HR: 80.74, 95% CI: 32.04-203.45) in comparison
with NET patients (Fig. 2). Given the clear prognostic dif-
ference between Amp-NETs and Amp-NECs and the limited
number of Amp-NECs under investigation, subgroup analy-
sis in Amp-NETs and Amp-NECs was performed to look
for potential predictors of LNMs and/or prognostic factors.
No statistically significant prognostic factor was identified
in Amp-NEC subgroup analysis, while the Amp-NET sub-
group analysis is detailed below.
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A Kaplan Meier survival estimate B Kaplan Meier survival estimate, by Differentiation
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Fig.2 Kaplan—Meier disease-specific survival estimates of the entire
cohort of 112 patients ampullary neuroendocrine neoplasms (Amp-NENs)
(A); Kaplan—Meier disease-specific survival estimates by histologic dif-

Predictors of LNMs in Amp-NETs

Among 59 Amp-NET patients who underwent lymphad-
enectomy with lymph node histologic examination, the fol-
lowing factors were significantly associated with LNMs:
major ampulla tumor site, WHO tumor grade G2, SOM-
NET histologic subtype, small vessel invasion, tumor size,
pancreatic invasion, and pT stage (Table 2). These param-
eters remained significantly associated with LNMs also
when 34 NET patients with negative preoperative imaging
lymph node assessment who did not receive lymphadenec-
tomy were added to Amp-NETs with pathologically con-
firmed negative loco-regional lymph nodes. In our cohort,
the optimal empirical cutoff for tumor size in predicting
LNMs in Amp-NETs was 16 mm (area under ROC curve:
0.71; sensitivity: 68%, specificity: 73%; positive predic-
tive value: 88.2% (72.5-96.7%); negative predictive value:
44% (24.4-65.1%). In a multivariable model including non-
collinear variables with p <0.1, tumor site, small vessel
invasion, and tumor size (> 16 mm vs <16 mm) remained
significantly associated with LNMs (Table 3). The model
performed well, with an area under the ROC curve of 0.89.

Predictors of Cancer-Specific Survival in Amp-NETs

Eighty-eight Amp-NETs patients with complete follow-
up data entered disease-specific survival analysis. Fac-
tors significantly associated with worse survival in Amp-
NET patients were (i) patient age at diagnosis > 60 years,
(i1)) WHO tumor grade G2, (iii) small vessel invasion, (iv)
pancreatic invasion (pT3), and (v) distant metastasis at
diagnosis (Table 4). No significant prognostic difference
was found between SOM-NET and conventional NET
patients (p =0.144), while GP/CoGNET cases did not show
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ferentiation, i.e., well-differentiated neuroendocrine tumors (NETS) versus
poorly differentiated neuroendocrine carcinomas (NECs) (B)

tumor-related deaths. Although the presence of LNM and
lymph node ratio (above the median) were not related to
worse patient outcomes, we found that cases with more than
three LNMs (i.e., pN2 stage) showed significantly higher
mortality rates compared to the remaining cases (Fig. 3).
The rate of pN2 cases was significantly (p =0.026) higher
when at least 12 lymph nodes were examined (20/39, 51%)
compared to those with a total number of lymph nodes < 12
(4/20, 20%), suggesting that lack of adequate lymph node
harvesting could lead to Amp-NET understaging.

Discussion

In the present study of a large multicentric series of Amp-
NEN:s, classification by histologic differentiation high-
lighted marked clinico-pathologic differences between
well-differentiated Amp-NETs (78% of cases) and poorly
differentiated Amp-NECs (22% of cases). First, Amp-
NETs arose in significantly younger patients (median
age: 57 years) compared to Amp-NECs (66 years) and
are more frequently associated with hereditary tumor syn-
dromes (15% versus 4%), in particular with NF1, which
we observed in 13% of Amp-NETs as a whole and in
21% of SOM-NETS in our series [24, 25]. Second, Amp-
NECs were always found in the region of major ampulla,
while 17% of Amp-NETs were found in the minor papilla/
ampulla. Third, Amp-NECs were larger (median size:
25 mm) than Amp-NETs (median size: 16 mm), as already
reported by Albores-Saavedra et al. using data from the
National Cancer Institute’s Surveillance, Epidemiology
and End Results (SEER) Program [29]. In addition, the
frequency of adverse histologic features, such as small and
large vessel invasion and deep level of invasion, as well
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Table 2 Predi?tqrs of lymph Variablew Lymph node OR (95% CI) p value
n(?de metastasis in NET patients metastasis, N (%) (logistic
with .lym.phadenector.ny (n=59) - - regression)
at univariable analysis Present  Absent
Patient age at diagnosis
<60 years 31(70) 747 1 0.111
> 60 years 13 (30) 8(53) 0.37 (0.11-1.26)
Patient gender
Male 25(57)  6(40) 1 0.064
Female 19 (43)  9(60) 0.51 (0.24-1.09)
Tumor site
Major ampulla 40 91) 9 (60) 1 0.003
Minor ampulla 409 6 (40) 0.15 (0.04-0.53)
Hereditary tumor syndrome
No 39 (89) 11 (73) 1 0.231
Yes 5(11) 4(27) 0.35 (0.06-1.94)
WHO tumor grade
G1 27 (61) 13 (89) 1 0.027
G2 17339 2(13) 4.09 (1.17-14.31)
Histologic Subtype 0.016
SOM-NET 29 (66) 8 (53) 1
CoGNET 1(2) 1(7) 0.28 (0.12-0.65) 0.003
Conventional NET 14(32) 6(40) 0.64 (0.11-3.94) 0.634
Small vessel invasion”
No 8 (20) 11 (73) 1 0.001
Yes 35800 427 12.03 (2.92-49.64)
Tumor size (above or below the median)
<16 mm 14 (32) 11 (73) 1 <0.001
>16 mm 30(68) 4(27) 5.89 (2.89-12.04)
Tumor size (three groups) 0.001
<10 mm 8 (18) 7 (47) 1
11-20 mm 15(34) 6(40) 2.19 (0.40-12.01) 0.368
>20 mm 21 (48) 2(13) 9.19 (2.74-30.77) <0.001
Pancreatic invasion”
Yes 25(58) 2(13) 9.03 (2.84-28.74) <0.001
No 18 (42) 13 (87) 1
pT stage™ <0.001
pT1 0 6 (40) 1
pT2 18(41) 747 11.13 (1.24—+inf)  0.030
pT3 26(59) 2(13) 36.13 (3.90-+inf) <0.001

CoGNET composite gangliocytoma/neuroma and neuroendocrine tumor, NET neuroendocrine tumor,
SOM-NET somatostatin-expressing D cell neuroendocrine tumor

* . sk . . . ~
Unknown in one case; exact logistic regression fitted

as the rate of distant metastasis at diagnosis, was signifi-
cantly higher in Amp-NEC than in Amp-NET cases. Inter-
estingly, although Albores-Saavedra et al. found a lower
rate of lymph node involvement in Amp-NETs compared
to Amp-NECs, in our series, the frequency of LNMs in
patients who underwent lymphadenectomy was very high
for both neoplastic entities (75% for Amp-NETs and 89%
for Amp-NECs), without significant differences between

them. Finally, as expected, the disease-specific survival
was tremendously worse in Amp-NEC compared to Amp-
NET patients. In fact, Amp-NECs are associated with a
generally ominous prognosis, like NECs of other gastro-
enteropancreatic sites [30-32]. Altogether, these findings
support the pivotal importance of distinguishing NECs
from NETs also in ampullary regions. This histologic sep-
aration is usually straightforward as, among Amp-NETs,
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Table 3 Multivariable model for lymph node metastasis in NETs with
lymphadenectomy (including non-collinear variable with p <0.1)

Variable OR (95% CI) p value

Gender (female vs male) 1.01 (0.19-5.24) 0.993

Tumor site (minor vs major 0.14 (0.03-0.73) 0.019
ampulla)

WHO grade (G2 vs G1) 1.01 (0.08-12.57) 0.994

24.59 (5.78-104.68) <0.001
6.55 (1.09-39.21) 0.040

Small vessel invasion (yes vs no)

Tumor size (> 16 mm
vs < =16 mm)

Model: p<0.001; ROC area: 0.89, 95% CI: 0.77-0.95

NETs G3 were exceptionally identified, as observed in
the present investigation, as well as by other authors [33].
Whether peculiar molecular features may underline the
extreme rarity of NETs G3 in the ampullary region, as
well as in other sites, such as appendix, presacral region,
breast, and prostate, is currently unknown.

Importantly, we identified prognostic factors specific for
Amp-NET patients, which were largely unknown, due to the
rarity of such tumors, while no prognostic factor could be
identified in Amp-NECs, likely related to the small number
of cases.

The following factors were associated with worse disease-
specific survival in Amp-NETSs: (i) patient age at diagno-
sis > 60 years, (ii)) WHO tumor grade G2, (iii) small vessel
invasion, (iv) pancreatic invasion, and (v) distant metasta-
sis. The limited number of tumor-related deaths (n=6) pre-
vented multivariable analysis. We found, for the first time,
that WHO tumor grade (based on mitotic index and Ki67
proliferative index) proved to be a strong predictor of sur-
vival (HR: 12.61, p<0.001 for G2 vs G1 tumors), as dem-
onstrated in pancreatic and other gastrointestinal NETs [34].
In a recent investigation on Amp-NETs based on National
Cancer Database, Ruff et al. found that age, Charlson—-Deyo
score of 2 or C3, “grade 2” or “grade 3” tumors, and meta-
static disease were associated with decreased survival on
multivariable analysis [15]. However, a direct comparison of
their findings on tumor grade with our study based on WHO
2019 grading system is not feasible because assessment of
Ki67 proliferative index was not recorded in the National
Cancer Database and at least a proportion of their “grade
3 tumors” might be Amp-NECs. Interestingly, Ruff et al.
reported that median overall survival was significantly worse
for patients resected for Amp-NETs (122 months) compared
with non-Amp-Duo-NETs (145 months) and pancreatic head
NETs (132 months), confirming the relatively more aggres-
sive biology of Amp-NETs [15].

The prognostic impact of vascular invasion has been
previously reported in duodenal-ampullary NETs [8, 13,
16] and it could impact treatment decisions. Small vessel
invasion, as assessed in our investigation, includes both

@ Springer

lymphatic and blood vessel invasion [35]; whether separa-
tion of angioinvasion from lymphatic invasion improves
prognostic stratification in this setting requires further
investigations.

On the contrary, the presence of LNMs in lymphadenec-
tomy specimens was not significantly associated with patient
outcome. The limited, if any, prognostic impact of LNMs on
patient survival in Amp-NETSs has been hypothesized in pre-
vious investigations on smaller series or national databases
[15, 36-38] or in studies including both Amp-NENs and
non-Amp-Duo-NENs without subgroup analysis [3-6, 12,
13, 16]. However, the lack of prognostic relevance of LNMs
might reflect a therapeutic effect of radical lymphadenec-
tomy [13]. Therefore, additional studies are needed to con-
firm that LNMs do not affect prognosis even when not surgi-
cally treated. Interestingly, we found that patients with >3
LNMs (i.e., pN2) showed a worse outcome, suggesting that
a three-tiered pN substaging based on the number of LNMs,
similar to that applied to ampullary adenocarcinoma and
Amp-NECs, might be prognostically useful also in Amp-
NET patients. This finding is also in keeping with recent
observations in pancreatic or small bowel NETSs, showing
that patients with N+ >4 metastatic nodes had a worse
recurrence-free survival compared to N + patients with 1 to
3 nodal metastases or NO [39-41].

Histologically, most (62%) Amp-NETs belong to SOM-
NET subtype (a histologic subtype with strong and selective
preference for the major/minor ampullary regions, where
it is very rarely, if ever, associated with a full-blown clini-
cal somatostatinoma syndrome), followed by conventional
NETSs (29%), a fraction (11%) of which are associated with
a hyperfunctioning syndrome (two gastrinomas associated
with Zollinger-Ellison syndrome and one ACTH-producing
NET associated with Cushing syndrome). No prognostic
value of histologic subtyping emerged from the present
investigation; however, we can confirm that the rare GPs/
CoGNETs are less frequently associated with LNMs in com-
parison with SOM-NETSs and they behave in a very indolent
fashion, as previously suggested [16, 18, 24]. Moreover, in
the rare LNMs by GPs, both the epithelial NET component
and the ganglioneuroma component may be found, support-
ing the nomenclature change to CoGNET of this neoplastic
lesion as endorsed by the 2022 WHO Classification of Endo-
crine and Neuroendocrine Tumors [16, 19].

Previous studies have suggested that Amp-NETSs tumor
size has no prognostic implication and no relationship with
metastases [1, 5, 11, 42—44], as even very small (< 1 cm)
Amp-NETs may metastasize. However, in some studies,
tumor size >2 cm was associated with higher tumor recur-
rence or worse patient prognosis [22, 23, 37]. In our study,
50% of Amp-NETs <1 cm with lymphadenectomy revealed
LNMs and tumor size was not related to patient survival
even using different cutoff values. We found that the best
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Table 4 Predictors of disease- Variable Rate of death per 100 HR (95% CI) p value
spemﬁc §urv1val in well- person-year (95% CI)
differentiated Amp-NET
patients with follow-up (n=288) Patient age at diagnosis
<60 years 0.57 (0.18-1.76) 1 <0.001
> 60 years 1.84 (0.59-5.70) 4.51 (2.25-9.04)
Patient gender
Male 0.94 (0.30-2.91) 1 0.3612
Female 0.81 (0.26-2.51) 0.77 (0.43-1.36)
Tumor site
Major ampulla 1.04 (0.47-2.31) NE 0.3021"
Minor ampulla 0
Hereditary tumor syndrome
No 0.86 (0.36-2.07) 1 0.9778
Yes 0.90 (0.13-6.43) 1.04 (0.09-11.99)
Functionality
Yes 0 NE 0.770"
No 0.89 (0.40-1.98)
Type of resection
Local 0 NE 0.1025"
Pancreatoduodenectomy 1.33 (0.60-2.97)
WHO tumor grade
Gl 0.21 (0.03-1.47) 1 <0.001
G2 2.56 (1.07-6.15) 12.61 (6.41-24.80)
Histologic subtype 0.364"
SOM-NET 0.81 (0.30-2.15) 1
Conventional NET 1.70 (0.43-6.79) 2.69 (0.71-10.18) 0.144
CoGNET 0 NE
Small vessel invasion
No 0.32 (0.04-2.25) 1 0.004
Yes 1.46 (0.61-3.51) 4.13 (1.42-12.00)
Tumor size (median)
>16 mm 0 NE 0.051"
<16 mm 1.50 (0.67-3.34)
Tumor size (three groups) 0.176"
<10 mm 0 NE
11-20 mm 0.42 (0.06-2.99)
>20 mm 1.70 (0.71-4.08)
Pancreatic invasion
Yes (pT3) 1.81 (0.75-4.34) NE 0.007"
No (pT1-pT2) 0
LNM™
Absent 1.35 (0.19-9-56) 1 1.000
Present 1.59 (0.66-3.82) 0.99 (0.32-3.06)
Lymph node ratio™
<0.3 (median) 1.41 (0.35-5.63) 1 0.860
> 0.3 (median) 1.74 (0.56-5.39) 0.85 (0.14-5.03)
Number of LNM (pN)™
pNO-1 0.42 (0.06-2.97) 1 0.004
pN2 3.34 (1.39-8.01) 7.64 (1.93-30.24)
Distant metastasis at dgn
Absent 0.67 (0.25-1.79) 1 0.005

Present

3.60 (0.90-14.40)

4.89 (1.61-14.88)
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Table 4 (continued) Variable Rate of death per 100 HR (95% CI) p value
person-year (95% CI)
AJCC stage 0.408"
I-1I 1.35 (0.19-9.56) 1
I 1.06 (0.34-3.29) 0.70 (0.37-1.30) 0.766
v 3.60 (0.90-14.40) 2.32 (0.63-8.57) 0.618

CoGNET composite gangliocytoma/neuroma and neuroendocrine tumor, dgn diagnosis, LNM lymph node
metastasis, NE not estimable, NET neuroendocrine tumor, SOM-NET somatostatin-expressing D cell neu-

roendocrine tumor

*p value calculated with Log-rank test; “no lymphadenectomy in 32 patients. Five patients were lost to

follow-up

empirical size cutoff for predicting LNM in Amp-NETs was
16 mm, with an acceptable positive predictive value (88%),
despite a too low negative predictive value (44%), indicating,
once again, that tumor size alone is not enough to reliably
predict Amp-NET aggressiveness.

As upfront surgery for NECs has not shown clear sur-
vival benefits [45], its role is still controversial, even when
tumors are localized at diagnosis. On the other hand, the
current ENETS guidelines [1, 46] promote surgical resec-
tion in resectable Amp-NETs, regardless of tumor size.
Indeed, such cases should be discussed after expert his-
tologic evaluation/revision and assessment of tumor size,
level of invasion and regional lymph nodes by including
endoscopic ultrasonography (EUS), and whole-body imag-
ing modalities [20, 21]. To date, lymphadenectomy is as a
rule performed when LNMs are preoperatively known or

detected intraoperatively [23, 24]. As we found that small ves-
sel invasion and tumor size > 16 mm were factors indepen-
dently associated with LNMs at multivariable analysis, we
suggest that lymphadenectomy should be performed when
these features are present. Regarding the extent of surgical
resection (local versus radical), 2020 French guidelines
state that local resection (in expert centers) might be suf-
ficient for small Amp-NETs without evidence of LNMs,
especially in patients with high surgical risk factors [21].
Our findings may support such an approach with some
refinements, indicating that local surgical resection (such
as ampullectomy or transduodenal tumor excision) may
be an option that could be judiciously considered in very
selected cases when preoperative biopsy reveals a small,
G1 Amp-NET without small vessel invasion and EUS
excludes pancreatic invasion and/or the patient is unfit for

A Kaplan Meier survival estimate, by Grade B Kaplan Meier survival estimate, by tumor size C  Kaplan Meier survival estimate, by pT stage
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Fig.3 Kaplan—Meier disease-specific survival estimates in patients
with ampullary neuroendocrine tumors (Amp-NETs) by WHO histo-
logic grade (A); by tumor size above or below the median (16 mm)
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(B); by T stage (C); by presence of lymph node metastasis (LNM)
(D); by number of LNMs (pN2: >3 LNMs) (E); by AJCC stage (F)
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radical surgery. Interestingly, minor ampulla NETs were
significantly less associated with LNMs and none of them
caused patient death; therefore, a less aggressive surgical
approach should be considered for such neoplasms, when
their histopathologic and EUS features are favorable.

This study has several limitations, inherent to its retro-
spective and multicentric nature, with a very long recruit-
ment period (more than 30 years), implying non-uniform
and non-standardized therapeutic approaches to patients, in
addition to the absence of disease-free survival data. How-
ever, it is a relatively large series for a very rare neoplastic
disease, with a histologic review of all cases with updated
WHO 2019 criteria.

In conclusion, Amp-NETs and Amp-NECs show different
clinico-pathologic features and divergent prognosis, indicat-
ing two distinct neoplastic entities. In Amp-NETs, patient
age > 60 years, WHO tumor grade G2, small vessel inva-
sion, pT3 stage, having >3 LNMs, and distant metastasis
are determinants of adverse prognosis, while tumor site and
size are predictors of LNMs, in addition to small vessel inva-
sion. These factors should be considered when personalized
treatment strategies are discussed.
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